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Abstract

Accuracy of bacterial DNA testing for central venous 
catheter-associated bloodstream infection in children 
with cancer

M Millar,1* W Zhou,2 R Skinner,3 B Pizer,4 E Hennessy,5 M Wilks1 
and RE Gilbert2

1Barts and the London NHS Trust, London, UK
2UCL Institute of Child Health, London, UK
3Great North Children's Hospital, Royal Victoria Infirmary, Newcastle upon Tyne, UK
4Alder Hey Children’s Hospital, Liverpool, UK
5Queen Mary University of London, London, UK
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Background: Central venous catheters (CVCs) are widely used for children with cancer 
and are a major risk factor for bloodstream infection. Early and specific diagnosis of CVC-
associated bloodstream infection allows early targeted treatment, reducing the risk of CVC 
removal and avoiding the operative risks and trauma of reinsertion, but peripheral vein 
sampling, as used in adults, improves specificity but is not usually acceptable in children.
Objective: To improve the detection and treatment of CVC-associated bloodstream 
infection in children (aged 0–18 years) with cancer admitted with fever.
Methods: There were four main studies: (1) evaluation of the diagnostic accuracy of a 
quantitative molecular method for the detection of bacterial deoxyribonucleic acid (DNA), 
based solely on blood samples drawn through the CVC; (2) analysis of the prognostic 
risk of CVC removal and duration of intravenous (i.v.) antibiotic treatment days in relation 
to presenting clinical features, blood culture results and bacterial DNA test results; (3) 
systematic reviews of treatment options for CVC-associated infection and a questionnaire 
survey of current practice in paediatric oncology centres; (4) evaluation of the clinical 
effectiveness of different test–treatment strategies to reduce i.v. antibiotic treatment days 
and unnecessary CVC removals.
Results: (1) The bacterial DNA test detected two-thirds [95% confidence interval (CI) 44% 
to 83%] of children classified with probable CVC-associated infection – specificity was 
88% (95% CI 84% to 92%). Although high bacterial DNA concentrations were associated 
with subsequent CVC removal and long duration of i.v. antibiotic treatment, the test did 
not improve the prediction of these outcomes over and above clinical signs of CVC-
associated infection combined with blood culture results. (2) High DNA load was predictive 
of CVC removal and i.v. treatment duration, before blood culture results became available 
at 48 hours after sampling. (3) There was limited evidence that antibiotic lock treatment 
reduces the risk of recurrent CVC-associated infection or CVC removal (pooled realtive 
risk 0.7, 95% CI 0.47 to 1.05), but prophylactic use of antimicrobial locks halved the risk 
of bloodstream infection (pooled incidence rate ratio 0.43, 95% CI 0.36 to 0.51). Contrary 
to this, the national survey of paediatric oncology centres found that locks are being 
used for treatment rather than prevention and that problems related to the formulation of 
lock solutions currently impede a shift to their prophylactic use in children. (4) Most i.v. 
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treatment days would be saved by early stopping of treatment for children at low risk of 
infection.
Limitations: The accuracy study was limited primarily by the lack of an adequate reference 
standard, and the main limitation of the series of systematic reviews was the poor quality of 
included studies and lack of randomised controlled trials of CVC removal or antimicrobial 
locks for treatment of infection.
Conclusions: There is strong evidence to support the use of antimicrobial locks for 
prevention of CVC-associated infection; however, few of these studies involved children 
with cancer. The analysis does not support routine bacterial DNA testing on admission 
to detect CVC-associated infection, but repeated testing (as a marker of microbial 
load) should be evaluated in high-risk groups. Further research should determine the 
effectiveness of antibiotic locks for treating CVC-associated infection.
Trial registration: Current Controlled Trials ISRCTN68138140.
Funding: This project was funded by the NIHR Health Technology Assessment programme 
and will be published in full in Health Technology Assessment; Vol. 15, No. 7. See the HTA 
programme website for further project information.
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Glossary

Antimicrobial lock An antimicrobial solution placed in the lumen of a CVC for a period 
exceeding 2 hours. This may be an antibiotic (used in patients for the treatment of infection) or 
an antiseptic solution (not generally used for systemic treatment).

Central venous catheter (CVC) A flexible tube with the tip placed in a large vein, most 
commonly in the thorax.

CVC-associated infection Bloodstream infection associated with microbial colonisation of a 
CVC. Infection may be diagnosed by clinical signs and does not always require a positive blood 
culture.

Implanted port Vascular access port placed under the skin and connected to a large blood vessel 
– accessed through the skin.

Intraluminal Inside the lumen of a CVC.

Long-term CVC These can remain in place for many months and are usually tunnelled CVCs or 
implanted ports.

Tunnelled CVC A surgically implanted CVC with a cuff that lies in a subcutaneous tunnel and 
anchors the catheter and inhibits microbial migration from the skin surface along the catheter 
(may also be called Hickman or Broviac catheter).
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List of abbreviations

AIC Akaike’s information criterion
CCLG Children’s Cancer and Leukaemia Group
CENTRAL Cochrane Central Register of Controlled Trials
CFU colony-forming unit (measure of bacterial numbers)
CI confidence interval
CVC central venous catheter
DNA deoxyribonucleic acid
EDTA ethylenediaminetetra-acetic acid
FRC fever, rigors, chills and/or hypotension associated with CVC manipulation
HR hazard ratio
IQR interquartile range
i.v. intravenous
LR likelihood ratio
PCR polymerase chain reaction; method of amplifying a single or a few copies of 

a molecule of DNA by many orders of magnitude to enable quantitative or 
qualitative detection

RCT randomised controlled trial
rDNA ribosomal deoxyribonucleic acid
UKCCSG United Kingdom Children’s Cancer Study Group (now CCLG)

All abbreviations that have been used in this report are listed here unless the abbreviation is well 
known (e.g. NHS), or it has been used only once, or it is a non-standard abbreviation used only 
in figures/tables/appendices, in which case the abbreviation is defined in the figure legend or in 
the notes at the end of the table.
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Executive summary

Background

Central venous catheters (CVCs) are widely used for children with cancer to infuse anticancer 
drugs and to administer complex drug and hydration schedules, blood products and parenteral 
nutrition. CVCs are required for up to 2 years during the cancer treatment. They are a major risk 
factor for bloodstream infection in this group of patients.

Children undergoing treatment for cancer may develop bloodstream infection from a variety of 
sources, including the CVC. Although intravenous (i.v.) antibiotic treatment is required whatever 
the source of infection, distinguishing CVC-associated bloodstream infection from other sources 
is important as additional interventions may be required, such as antibiotic treatment given 
slowly or in higher concentrations to target intraluminal biofilm bacteria and, in some cases, 
removal of the CVC.

Methods used in adults to distinguish the CVC from other sources of infection require additional 
blood sampling from a peripheral vein or removal of the CVC, which is not always acceptable for 
children. Another problem for the diagnosis of CVC infection in patients undergoing treatment 
for cancer is the widespread use of antibiotics for both prophylaxis and treatment, which reduce 
the sensitivity of blood culture, and other diagnostic methods that require recovery of viable 
microbes.

Early and specific diagnosis of CVC-associated bloodstream infection has the potential to lead 
to more effective, CVC-targeted treatment and to reduce the risk of serious complications. Early 
targeted treatment, such as antibiotic locks, may also reduce the risk of CVC removal, thereby 
avoiding the operative risks and trauma of reinsertion.

The overall aim of our study was to improve the detection and treatment of CVC-associated 
bloodstream infections in children with cancer admitted with fever. The study involved the 
evaluation of diagnostic accuracy of a quantitative molecular method for the detection of 
bacterial DNA (deoxyribonucleic acid), based solely on blood samples drawn through the CVC. 
We analysed the prognostic risk of CVC removal and duration of i.v. antibiotic treatment days 
in relation to presenting clinical features, blood culture results and bacterial DNA test results, 
and we carried out a series of systematic reviews of treatment options for CVC-associated 
infection. We evaluated the clinical effectiveness of different test–treatment strategies to reduce 
i.v. antibiotic treatment days and unnecessary CVC removals, and, finally, we considered the 
implications of our findings for further research.

Objectives

1. To determine the diagnostic accuracy of a novel molecular test for CVC-associated infection 
in children with cancer admitted with fever.

2. To determine the extent to which bacterial DNA and other prognostic markers discriminate 
between sequelae of CVC-associated infection, including CVC removal and duration of i.v. 
antibiotic treatment days.

3. To conduct systematic reviews to determine the effectiveness of treatment options targeted at 
CVC-associated bloodstream infection.
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4. To survey current clinical practice to determine the use of antimicrobial locks for prophylaxis 
or treatment of CVC-associated infection and perceived barriers to their use.

5. To estimate the potential benefits of different test–treatment strategies measured by i.v. 
antibiotic treatment days saved and avoidance of unnecessary CVC removals.

Methods

The diagnostic accuracy study involved eight paediatric oncology centres in the UK and was 
co-ordinated through the Children’s Cancer and Leukaemia Group (CCLG). Children aged 
0–18 years with a CVC or implanted CVC port considered to be required for a minimum of 
3 months were invited to participate in the study. Eligible patients were enrolled when they 
presented with a febrile episode if they had not received i.v. antibiotic therapy during the 
preceding 2 weeks. Samples were collected at the time of presentation to hospital with fever for 
routine blood cultures and for bacterial DNA testing. Clinical data were collected at the time of 
admission and at 4 weeks after presentation using standard questionnaires. Definitions of CVC-
associated infection were agreed before the start of the study and these allowed classification 
of fever episodes into probable, possible, unlikely and unclassifiable groups. The results of the 
accuracy study have been published [Millar et al. Molecular diagnosis of vascular access device-
associated infection in children being treated for cancer or leukaemia. Clin Microbiol Infect 
2008;14(3):213–20].

The study of prognostic markers used the same data set as the diagnostic accuracy study, but with 
additional information up to 6 months after the presenting admission with fever. Analyses were 
restricted to the first episode of fever. Two test results were considered in all analyses in addition 
to the bacterial DNA results: these were blood culture and clinical signs of CVC-associated 
infection (fever, chills, rigors or hypotension associated with CVC manipulations).

We conducted three systematic reviews to determine the effectiveness of early versus deferred 
CVC removal, antimicrobial locks for treating CVC-associated infection and antimicrobial 
locks for preventing CVC-associated infection. We also conducted a questionnaire survey of 18 
oncology centres, in collaboration with CCLG members, to obtain information about current 
practice and problems perceived with using antimicrobial locks for prophylaxis or treatment of 
CVC-associated infection.

We illustrated the potential benefits of different test–treatment strategies based on clinical signs 
of CVC infection or bacterial DNA results on admission prior to availability of blood culture 
results 48 hours later. We considered the treatment options of early removal of the CVC, early 
stopping of i.v. treatment for children at very low risk of bloodstream infection, antimicrobial 
lock treatment and standard care.

Results

The accuracy study found that the bacterial DNA test detected two-thirds of children classified 
with probable CVC-associated infection and the specificity was 88% [95% confidence interval 
(CI) 84% to 92%]. Although high bacterial DNA concentrations were associated with subsequent 
CVC removal and duration of i.v. antibiotic treatment, the test did not improve the prediction 
of these outcomes over and above clinical signs of CVC-associated infection and blood culture 
results, although DNA was predictive of CVC removal and i.v. treatment duration on the day of 
admission, before blood culture results became available at 48 hours after sampling.
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In the systematic reviews of treatment strategies, we found no trials that evaluated early removal 
of the CVC compared with delayed removal. Observational studies comparing early removal with 
retention and treatment were confounded by deferred removal in the sickest patients.

We found limited evidence that antibiotic lock treatment reduces the risk of recurrent CVC-
associated infection or removal (pooled relative risk 0.7, 95% CI 0.47 to 1.05). We found 24 trials, 
published since 1994, on the use of antimicrobial locks to prevent CVC-associated infection. 
Overall, antimicrobial locks halved the risk of bloodstream infection in a variety of patient 
groups (pooled incidence rate ratio 0.43, 95% CI 0.36 to 0.51). Contrary to this evidence, our 
national survey of paediatric oncology centres found that locks are being used for treatment 
rather than prevention and that problems related to the formulation of lock solutions currently 
impede a shift to their prophylactic use in children. We found that most i.v. treatment days would 
be saved by early stopping of treatment for children at low risk of infection.

Conclusions

We found strong evidence to support the use of antimicrobial locks for prevention of CVC-
associated infection; however, few of these studies involved children with cancer. The study 
highlighted variation in the management of children with cancer and fever who were admitted 
from home. Our analysis does not support routine bacterial DNA testing on admission to detect 
CVC-associated infection, but we cannot exclude the possibility that repeated testing (as a 
marker of microbial load) may be of value in high-risk groups, for example to measure response 
to treatment.

Recommendations for research

1. We recommend a trial to determine whether early discontinuation of i.v. antibiotic treatment 
in children with cancer presenting with fever is equivalent to standard care.

2. There is good evidence that antibiotic locks prevent CVC-associated bloodstream infection, 
but there may still be a need for effectiveness and cost-effectiveness studies in certain 
groups: for example, children and adults undergoing treatment for cancer, children and 
adults receiving long-term total parenteral nutrition. Initial laboratory studies are needed 
to determine the optimum formulations of lock solutions for home use and storage 
conditions. In addition, long-term follow-up studies are needed to evaluate the emergence of 
antimicrobial resistance. Additional clinical trials are required to compare different types of 
antimicrobial solutions.

3. Randomised, placebo-controlled trials are needed to determine the effectiveness of antibiotic 
locks for treating CVC-associated infection.

4. Controversy about the benefits of early CVC removal versus treatment in situ will remain 
until clinical trials have shown clear benefits for early CVC removal, according to the type of 
organism.

5. We do not recommend a randomised controlled trial involving the DNA testing 
methodology used in this study as a single test on admission of children with cancer 
presenting from the community with fever. However, improved methodologies (both 
sampling and analysis) may require further clinical studies. Repeated DNA testing should 
be evaluated as a marker of microbial load in children undergoing targeted treatment for 
CVC-associated infection to identify those with a persisting microbial load who require CVC 
removal.
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6. Variation in practice between centres should be evaluated to determine the effectiveness of 
alternative practices. Linkage between routine data on individual patient admissions and 
blood culture results is now feasible and could offer an efficient way of evaluating the impact 
of variation in practice.

Trial registration

This trial is registered as ISRCTN68138140.

Funding

Funding for this study was provided by the Health Technology Assessment programme of the 
National Institute for Health Research.
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Chapter 1  

Background and rationale

Children with cancer

The study took place under the auspices of the UK Children’s Cancer Study Group [UKCCSG, 
now the Children’s Cancer and Leukaemia Group (CCLG)]. Approximately 1500 children (up to 
the age of 15 years) are diagnosed with cancer in the UK every year, and leukaemia accounts for 
around 30% of these diagnoses. Approximately 90% of children with a cancer diagnosis in the 
UK are treated in a CCLG centre (www.cclg.org.uk).

The duration of treatment for cancer varies but is usually < 2 years. The majority of children are 
able to spend a large proportion of this time outside hospital in the community. Most children 
have a central venous catheter (CVC) inserted into a large vein, which remains in place for many 
months. This allows treatment to be given at home, or in hospital for more intensive treatment, 
while minimising interference with daily life. These devices are usually either tunnelled catheters 
(e.g. the Hickman catheter) or subcutaneous ports. After treatment, > 70% will eventually be 
cured of cancer (www.cclg.org.uk). However, infection is a major hazard for children undergoing 
treatment for cancer. Most will be admitted to hospital at least once for infection during their 
treatment for cancer. The dilemma facing clinicians is to distinguish between infections due to 
the CVC and other sources.

Diagnosis of central venous catheter-associated infection

Widespread use of CVCs has led to these devices becoming recognised as a major risk factor for 
hospital-acquired bloodstream infection in adults and children.1–4 The rate of infection associated 
with CVCs varies from < 1 to 15 episodes per 1000 days of central line use, depending upon the 
patient population and a range of other factors.5 The rate of CVC-associated infection in children 
undergoing treatment for cancer varies from 1.7 to > 5 per 1000 CVC days.3,6,7 Complications 
include septic thrombophlebitis, endocarditis, septic shock and the dissemination of septic 
emboli. Studies in adults have reported an attributable mortality for CVC-associated infection of 
up to 25%, but rates for children have not been reported.8 The cost of CVC-associated infection 
can be many thousands of pounds per episode, depending on the virulence of the infecting 
agent.9

The CVC has been considered the source of nearly half of the episodes of bloodstream infection 
in some studies involving immunocompromised patients.10,11 Discrimination between the CVC 
and other sources of bloodstream infection is important because treatment strategies differ. In 
addition to systemic antibiotics, CVC-associated infection requires either antibiotic treatment 
that is targeted at microbial colonisation of the CVC lumen by being left in the CVC lumen, or 
instilled slowly, or removal of the CVC. In children with cancer who have long-term surgically 
implanted CVCs, removal and reinsertion of a CVC carries operative and anaesthetic risks as well 
as costs, and risks using up venous access sites. It is this group of patients that particularly needs 
improved diagnostic methods. There is a variety of clinical and microbiological techniques for 
diagnosing CVC-associated infection.
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CVC-associated infection is most apparent clinically when a patient with few other risk factors 
for infection develops signs and symptoms of infection associated with inflammation at the site 
of the device, or has fever, rigors, chills and/or hypotension associated with CVC manipulation 
(FRC), or develops septic shock.12 A clinical diagnosis is more difficult in immunocompromised 
patients, in whom clinical presentation may be non-specific and there are other potential sources 
of infection.13 Isolation of staphylococci or other skin bacteria from multiple blood cultures, 
Bacillus spp. or fungi raises the probability that the CVC is the source of infection.

In adults, a variety of culture methods are used to identify the CVC as the source of infection. 
These techniques include:

1. Comparison of blood cultures taken simultaneously from the CVC and a peripheral vein. 
Numerous studies have shown quantitative differences in the concentration of micro-
organisms in blood collected through a CVC compared with blood collected from a 
peripheral vein when there is a CVC-associated infection.14–16 A relatively cost-effective way 
of estimating the differences in microbial numbers between blood collected from a CVC and 
peripheral blood is to use the differential time to positivity.17 When a blood culture bottle is 
continuously monitored using an automated microbial growth detection device (as is widely 
used in diagnostic laboratories), the time to detection of positivity is a function of microbial 
numbers in the inoculated blood. Assuming that the blood volumes are similar, detection 
of positivity in the blood drawn from the intravascular device > 2 hours before positivity in 
the blood drawn from the peripheral site is highly predictive of a CVC-associated infection. 
Other studies have shown a link between time to positivity (a marker of bacterial load) 
and outcome for both Staphylococcus aureus18 and Streptococcus pneumoniae19 bloodstream 
infections. An alternative method for quantifying organisms when there are large numbers 
of bacteria in blood drawn through a CVC is to use visualisation techniques such as acridine 
orange leucocyte cytospin staining, and this technique can provide a rapid diagnosis.10,20 
All these techniques for assessing the differential organism load are appropriate for CVCs 
that have been inserted for several weeks, in which CVC-associated infection is likely to be 
intraluminal, but less effective for detecting CVC-associated infection soon after insertion, 
when organisms may be colonising the outside of the catheter.

2. Comparison of blood culture samples from the CVC and CVC tip: semi-quantitative 
culture methods can be used to identify colonisation of a CVC once it has been removed 
[> 15 colony-forming units (CFUs)/ml from a 5-cm segment of the catheter tip].21,22 When 
indistinguishable isolates are cultured from blood cultures and from the device, that is strong 
evidence implicating the intravascular device in the aetiology of bacteraemia.23–25

3. Other methods that have been used to diagnose intravascular device-associated infection 
include luminal brushing.26,27

Rationale for the study

Many of the diagnostic techniques used in adults are not routinely feasible in children. Reliance 
on paired blood samples is problematic in children with cancer because of resistance by staff, 
patients and parents to the routine collection of peripheral blood samples. An additional 
problem is that children undergoing treatment for cancer frequently receive antibiotics both for 
prophylaxis and for treatment of infection, which reduces the reliability of diagnostic methods 
based on laboratory culture. CVC tip culture is not feasible because the CVC would not be 
removed early on in children with cancer unless the child was extremely ill. Finally, intraluminal 
brushing is not possible in children because of the narrow catheter gauge and the risk of 
dislodging thrombi. These problems have led to the development of a molecular method for the 
diagnosis of CVC-associated infection in children with cancer.28
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The principle underlying the molecular method is based on evidence that the concentration of 
bacteria and associated bacterial DNA (deoxyribonucleic acid) is high in blood drawn through 
a colonised CVC. The technique measures DNA that is common to all bacteria, from the 16S 
rDNA (ribosomal DNA) region. An advantage of the technique is that it can detect infection 
in patients in whom antibiotics have rendered bacteria non-viable and therefore undetectable 
by culture. The method has a relatively high detection level of around 10 genome copies per 
µl of blood (equivalent to 1000 CFUs/ml). The number of bacteria in the peripheral blood of a 
patient with bloodstream infection rarely exceeds 100 CFUs/ml. Previous studies have shown 
that a level of bacteria of 1000 CFUs/ml in blood drawn through the CVC discriminates between 
CVC-associated infection and infection associated with sources other than the CVC.15 It also 
reduces the chances of a positive bacterial DNA test result arising as a consequence of sample 
contamination.

The method described in this study avoids the need for paired blood cultures from the CVC and 
a peripheral vein, and uses a small volume (< 2 ml) of blood that is normally discarded when the 
CVC is accessed.28 The method can be automated and results can be generated within 2 hours, 
rather than the 48 hours required for blood culture. DNA testing therefore has the potential to 
lead to earlier initiation of appropriate treatment than is currently possible with reliance on blood 
cultures.

Overview of the study

The overall aim of our study was to improve the detection and treatment of CVC-associated 
bloodstream infection in children with cancer who are admitted with fever. In Chapter 2 we 
report the first step in this process: determination of the accuracy of bacterial DNA testing for 
detecting CVC-associated infection. Knowing the accuracy of the test allows us to estimate a 
child’s risk of CVC-associated bloodstream infection. However, to be useful, the test needs to help 
clinicians decide which children are most likely to benefit from different treatment options. The 
original plan for the study was to conduct a randomised controlled trial (RCT) comparing DNA 
testing with standard testing followed by treatment conditional on the test results. However, the 
accuracy study, and other studies, revealed no consensus about what treatment should be given.29 
We found wide variation in the types of CVC-targeted treatment offered and which children were 
treated. For example, the duration of ‘CVC-targeted’ treatment (e.g. antibiotic lock treatment or 
slow infusion) varied from 5 days in one centre to 2 weeks in another. Moreover, several centres 
did not offer CVC-targeted treatment at all, and none routinely removed CVCs for infection. 
Partly the reason for this lack of consensus relates to clinicians’ uncertainty about the evidence 
of what works for CVC-associated infection and whether the evidence applies to children with 
cancer. Information is also lacking on the prognosis, given standard care, of serious adverse 
events such as eventual CVC removal for infection, recurrent infection or complications of 
infection. In summary, it was not possible to proceed immediately to a trial. It was agreed that an 
evidence synthesis was required to determine how tests on admission predict adverse prognosis 
for children admitted with fever, what interventions are effective and which groups of patients 
stand to benefit most from improved detection and treatment.

The three components of the evidence synthesis are:

1. An analysis of the prognosis of serious adverse events, given standard practice (i.e. no 
targeted treatment for CVC-associated infection), for children admitted with suspected 
CVC-associated bloodstream infection. This section uses follow-up data for children 
included in the accuracy study (see Chapter 2) to determine the prognosis for CVC removal 
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or recurrent infection. Our premise was that clinicians would use information from DNA 
results, in combination with information from the clinical history and examination and the 
blood culture taken on admission, to decide on whether bloodstream infection is sufficiently 
likely to warrant immediate treatment, and what treatment should be given.

2. An overview of the effectiveness of different treatment options for CVC-associated infection 
in children with cancer. This section reports systematic reviews of three intervention options 
and the findings of a survey of practice regarding use of antimicrobial lock solutions for 
preventing or treating CVC-associated infection.

3. An analysis of the clinical effectiveness of different test–treatment strategies. In this section, 
we compile a balance sheet of outcomes to illustrate the consequences of different test–
treatment strategies.

The detailed objectives, methods and results of each of these analyses are reported in the ensuing 
chapters. The final chapter includes a discussion of the implications of our findings for practice 
and the priorities for further research.
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Chapter 2  

Accuracy of DNA testing for central 
venous catheter-associated infection 
in children with cancer

Introduction

In this section, we report findings from a prospective study to determine the accuracy of bacterial 
DNA for discriminating between children with and without a CVC-associated bloodstream 
infection. CVC-associated infection was measured by a composite reference standard based on 
blood culture results, clinical findings and clinicians’ judgement. The results of this evaluation 
were published in 2008.30

Methods

The accuracy study involved eight UK paediatric oncology centres [Belfast, Bristol, Great 
Ormond Street (London), Liverpool, Newcastle upon Tyne, Nottingham, Royal Marsden 
(London) and University College Hospital (London)] and was co-ordinated by the Supportive 
Care Group of the CCLG. The protocol for the study was agreed by the CCLG (following a 
national meeting) and received ethical approval through the Trent Multicentre Research Ethics 
Committee (reference number 05/MRE04/23). A summary of the protocol for the study is in 
Appendix 1. A copy of the full protocol and ethics approval is available from the CCLG website 
(www.cclg.org.uk) or from the principal investigator, Mike Millar.

Participants
Eligible patients were children, adolescents or young adults aged 0–18 years who were 
undergoing treatment for cancer/leukaemia, or who were immunosuppressed with a severe 
haematological disorder. Participants had to have a tunnelled single-, double- or triple-lumen 
CVC or an implanted CVC port in situ, which would be required for a minimum of 3 months. 
Patients who failed to meet these criteria and those with untunnelled short-term CVCs were 
excluded. Eligible patients were invited to participate soon after insertion of a CVC or port, or at 
a later outpatient visit or inpatient stay (in the case of patients with existing devices).

Recruitment
Eligible patients were enrolled into the study whenever they presented with a febrile episode, 
defined by an axillary or ear temperature of > 38 °C for > 4 hours, or > 38 °C on two occasions 
> 4 hours apart within a 24-hour period, or > 38.5 °C on one occasion, or based on the oncology 
centre’s definition of fever. We excluded patients admitted who had received intravenous (i.v.) 
antimicrobial therapy during the preceding 2 weeks. Written informed consent was taken at the 
time of recruitment to the study from the parent/guardian or from the patient where appropriate.

Data collection
Data were collected prospectively and before the molecular tests were carried out.
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Clinical data collection
Clinical data were collected at baseline (within 72 hours of fever presentation) and at 4 weeks 
after presentation, using standard questionnaires (see data collection sheets in Appendix 2). The 
baseline data sheet at 72 hours requested information concerning diagnoses, samples collected 
for laboratory analyses, CVC details (e.g. number of lumens), antibiotics administered, and 
symptoms and signs at presentation (including FRC).

The data sheet completed at 4 weeks requested the results of laboratory investigations, details 
of antibiotics prescribed, duration of fever, clinical response to treatment, details of CVC 
management (including whether the CVC was removed as part of the management of suspected 
CVC-associated infection), other sources of infection, specific agents of infection identified and 
classification, by the clinician responsible for the patient’s care, of whether the infection episode 
was probably, possibly or unlikely to be due to CVC-associated infection.

Clinical data sheets were returned to the CCLG data centre in Leicester, where the data were 
extracted and entered into an excel database (Microsoft Corporation, Redmond, WA, USA). The 
molecular test results and clinical databases were merged for the analysis of test performance.

Reference standard – definitions of central venous catheter-associated 
infection

See the protocol in Appendix 1. Febrile episodes were classified as probable, possible, unlikely or 
unclassifiable bacterial CVC-associated infections. The classification of the fever episodes was 
carried out at the CCLG data centre by staff who were unaware of the results of the 16S rDNA 
analyses. The definitions were agreed by clinical collaborators in CCLG centres, and broadly 
reflected the criteria used in the CCLG centres for defining CVC-associated infection.

Episodes were classified as probable if any of the following criteria were met:

 ■ two or more blood cultures collected within 72 hours of presentation that were culture-
positive for a skin commensal, e.g. a coagulase-negative staphylococcus (including positive 
blood cultures from different lumens of the same CVC on the same or different occasions of 
sampling)

 ■ a positive blood culture from a patient with signs or symptoms of infection, and an isolate 
with the same identification and antibiotic susceptibility profile as that of an isolate from the 
CVC tip culture

 ■ FRC, together with a response to CVC-targeted treatment (see below*)
 ■ inflammation extending at least 2 cm along the tunnel from the CVC exit site in a patient 

with systemic signs or symptoms of infection.

Note Using these criteria, an episode of fever could be classified as probable CVC infection in the 
absence of a positive blood culture.

Episodes were defined as possible if:

 ■ a child’s clinical condition resolved in response to appropriate i.v. antibiotic treatment 
(according to blood culture isolate) and CVC-targeted treatment.

*CVC-targeted treatment required that all of the lumens were exposed to antibiotic treatment 
and/or the CVC was removed within 7 days of fever presentation. In practice, adherence to these 
criteria was not documented at the time, and data collection at 28 days revealed that few patients 
(n = 24, see Table 5) were recorded as receiving CVC-targeted therapy. These classifications may 
have been interpreted as a response to i.v. antibiotic therapy. A complete response to treatment 
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was defined as resolution of fever within 5 days of the initiation of treatment, and no recurrence 
of fever within 5 days of discontinuing CVC-targeted treatment.

Episodes were classified as unlikely to be due to bacterial CVC-associated infection if:

 ■ the child showed a complete resolution of symptoms without CVC-targeted treatment for 
bacterial CVC-associated infection – this classification could include episodes with a positive 
blood culture or where the CVC was removed for a fungal CVC-associated infection (i.e. not 
a bacterial CVC-associated infection).

Unclassifiable episodes were defined as those that did not fit the definition of probable, possible 
or unlikely bacterial CVC-associated infection. These included episodes for which there was 
insufficient information to classify an episode, episodes in which a patient remained febrile with 
or without specific treatment of CVC-associated infection for > 2 weeks, and episodes in which 
there was recurrence of fever within 5 days of discontinuing systemic antibiotic therapy.

Episodes that were unclassifiable using the above definitions were reclassified using the 
classifications probable, possible, unlikely and unclassifiable, recorded by the clinician responsible 
for patient care at 4 weeks after episode presentation (see proforma in Appendix 2). Only those 
episodes unclassifiable according to the predefined criteria and clinician’s judgement were 
considered to be unclassifiable in the final analyses. Clinicians had access to the definitions used 
in the formal classification.

Collection and processing of routine samples for microbiological analyses
Routine samples were collected at the time of presentation, including blood for culture. These 
samples were processed in the local laboratory according to local protocols. Centres were 
encouraged to send CVC tips for quantitative culture, particularly if a CVC was removed for 
suspected CVC-associated infection. The results of these routine analyses were used to support 
the classification of episodes (see above).

Analysis of microbial 16S rDNA in blood samples
The laboratory analyses were carried out in a purpose-built molecular diagnostic laboratory 
at Barts and the London NHS Trust by staff with both training and relevant experience in 
performing molecular diagnostic tests. Staff were blind to the blood culture results and vice versa.

Collection of samples for quantitative 16S rDNA and other microbiological 
analyses

Venous blood was collected in 2-ml vacutainer tubes (VacuetteTM K3E; Becton Dickinson, 
Oxford, UK) from each lumen of the CVC when patients presented with fever. It is routine 
practice in many CCLG centres to withdraw and discard a small volume of blood before 
collecting blood for culture or other analyses. This ‘discard’ blood was accepted as a suitable 
sample for 16S rDNA analyses. Samples were stored at participating centres at ≤ –20 °C until 
collected in batches for transport on dry ice to the laboratory at Barts and the London NHS 
Trust. Routine samples were also collected at the time of presentation, including blood for 
culture. Centres were encouraged to send CVC tips for quantitative culture, particularly if a CVC 
was removed for suspected CVC-associated infection. Samples were analysed for bacterial 16S 
rDNA when they had been collected at fever presentation and within 72 hours of the start of 
i.v. antibiotic treatment. The date of sampling was recorded so that delays in sampling could be 
taken into account in the analysis. When the bacterial DNA concentration was > 0.5 pg/µl, the 
16S rDNA region in the sample was amplified followed by sequencing of the amplified product to 
identify specific bacteria.
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Molecular methods
The methods for the 16S rDNA assay have been described previously by Warwick et al.28 For the 
purposes of this study, all extractions were performed as described below, although subsequent 
work is now performed using automated DNA extraction methods.

DNA extraction from clinical and control samples
DNA was extracted from 200-µl aliquots of ethylenediaminetetra-acetic acid (EDTA)-
anticoagulated whole blood. Each sample was mixed with 1200 µl of freshly prepared 
0.17 M ammonium chloride and incubated at room temperature for 30 minutes. Following 
centrifugation at 11,600 g for 10 minutes, the pellet was washed twice with 500 µl of sterile saline 
(0.9% w/v) and then extracted using a QIAampTM DNA minikit (Qiagen, Hilden, Germany). The 
pellet was resuspended in 180 µl of Qiagen ATL (animal tissue lysis) buffer [containing EDTA 
and SDS (sodium dodecyl sulphate)] and exposed to six freeze–thaw cycles (cycling between 
–70 and +50 °C), with vortexing between cycles, before being heated in a boiling water bath 
for 10 minutes. The remainder of the extraction procedure was performed according to the 
manufacturer’s protocol. DNA was eluted in 50 µl of buffer and stored at –20 °C until analysis.

Several controls were run routinely with each batch of tests. These included blood samples from a 
healthy individual with and without spiking with bacteria. An extraction control of blood spiked 
with 103 CFUs of Staphylococcus epidermidis/µl was found to yield DNA levels close to the lower 
limit of detection. Bacterial DNA controls containing known amounts of bacterial DNA extracted 
from Enterococcus faecalis (100 pg to 100 fg) and a negative control (with no DNA in the reaction) 
to detect reagent contamination), were also included in each run.

Polymerase chain reaction conditions (TaqMan assay)
Real-time polymerase chain reactions (PCRs) were performed using the ABI PrismTM 7900HT 
sequence detection system (Applied Biosystems, Warrington, UK) in optical 384-well plates. 
Reaction mixtures contained (1 × dilution) TaqMan universal PCR mastermix (Applied 
Biosystems), 300 nM each of the forward and reverse primers, 100 nM fluorescent probe, 2 µl of 
template DNA and water to a final volume of 20 µl. The cycling conditions comprised 50 °C for 
2 minutes and 95 °C for 10 minutes, followed by 40 cycles of 95 °C for 125 seconds and 60 °C for 
1 minute. The primer sequences were forward primer, 5′-TCCT ACGGGAGGCAGCAGT-3′; 
reverse primer, 5′-GGACTACCA GGGTATCTAATCCTGTT-3′; and probe sequence, 
5′-CGTATTA CCGCGGCTGCTGGCAC-3′.28

The threshold cycle (Ct) value, which is inversely proportional to the log of the amount of 
target DNA initially present, was calculated using sds software v.2.0 (Applied Biosystems). All 
samples were run in triplicate. The median cycle result was used to calculate bacterial DNA 
concentrations by comparison with a DNA reference curve constructed from the results obtained 
using DNA standards.

Identification using DNA sequencing
When a sample contained > 0.5 pg of bacterial DNA/µl of blood, it was possible to 
amplify a 1300-bp (base pair) 16S rRNA gene fragment directly from the DNA extracts 
using oligonucleotide primers 5′-TCAGATTGAACGCTGGCGGC-3′ (forward) and 
5′-CCCGGGAACGTATTCACCG-3′ (reverse). Each PCR assay was performed in a total volume 
of 25 µl containing 0.2 µM of each primer, 2 mM MgCl2, 1 U of Taq DNA polymerase (Promega, 
Southampton, UK) and 2 µl of DNA extract prepared in Reaction Buffer A (Promega). PCR 
cycle conditions comprised 95 °C for 3 minutes, followed by 30 cycles of 95 °C for 10 seconds, 
58 °C for 20 seconds and 72 °C for 30 seconds using a Palm Cycler (Corbett Research, Sydney, 
Australia). PCR products were sequenced, using the forward primer and the internal primer 
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5′-TGCCAGCAGCCGCGGTAATA-3′, on an ABI Prism 3700 DNA Analyzer (PE Biosystems, 
Warrington, UK). The sequences were aligned using the Clustal W algorithm to produce a 
consensus sequence. This was analysed using the BLAST algorithm at the National Center for 
Biotechnology Information site.31

Results for samples containing > 0.125 to 0.5 pg of bacterial DNA per µl of extracted whole blood 
were reported as positive only when the concentration was > 0.125 pg/µl on repeat testing. All the 
results of the molecular tests were entered into an excel spreadsheet for statistical analysis.

Statistical methods
The designation of episodes into probable, possible, unlikely or unclassifiable categories was 
based on the prospective data collected from the time of episode recruitment up to 28 days post 
recruitment. This classification was carried out at the UKCCSG (now CCLG) centre in Leicester 
and independently from the laboratory carrying out the molecular tests.

Sensitivity, specificity and positive and negative predictive values were calculated, together 
with exact binomial 95% confidence limits. stata v.9 software (StataCorp, College Station, TX, 
USA) was used for the analyses. When multiple lumens were present, the highest bacterial DNA 
concentration detected at that sampling time was used for each episode.

Test reproducibility
The volumes of blood available from this patient group precluded re-extraction of DNA from 
the majority of samples. Although we requested 0.5 ml, which would have allowed two separate 
extractions, in practice we frequently received < 0.4 ml. Each DNA extraction was tested in 
triplicate and the median result was used in the final analyses.

Results

Children admitted to hospital with fever were recruited into the study between 7 November 
2005 and 6 November 2006. Samples and clinical data sheets were collected from 301 episodes 
of fever in 207 children. The numbers recruited by each centre were Belfast 15, Bristol 51, Great 
Ormond Street 2, Liverpool 63, Newcastle upon Tyne 63, Nottingham 19, Royal Marsden 19 and 
University College Hospital 31. We were unable to accurately estimate the number of eligible 
patients who were not recruited.

Exclusions from the analyses
Forty-one episodes were excluded from analysis.

The reasons for exclusion in 10 episodes were no written consent form, inappropriate sample 
storage or loss of sample, or antibiotics given intravenously during a 14- to 3-day period before 
the onset of fever. A further 26 episodes were excluded because of failure to collect samples from 
all lumens.

Five episodes were excluded because CVC-associated infection was considered to have been 
acquired post admission to hospital (diagnosed 5–23 days after initial presentation). Four 
of these five episodes were associated with positive blood cultures, and one episode was a 
tunnel infection. In one of these episodes, a sample was collected for 16S rDNA analysis at 
the time of fever recurrence (5 days after initial presentation), and this sample gave a bacterial 
DNA concentration of 0.34 pg/µl blood, while blood cultures taken at the same time grew 
Stenotrophomonas maltophilia.
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The proportion of eligible episodes excluded from analysis ranged from 0% to 33.3% for each 
centre. CVC tips were sent for culture from 16 (84%) of 19 episodes in which the CVC was 
removed. The numbers of episodes overall, the number with different microbial DNA results and 
the numbers within each reference group are shown in Figure 1.

Exposure to antibiotics
The patient had received oral antimicrobial agents in the previous 2 weeks in 133 (51.1%) of 
the 260 evaluable fever episodes, with 125 (48.1%) receiving an antibacterial agent and eight 
receiving antifungal or antiviral prophylaxis. In 117 episodes, these antibacterial agents were 
prophylactic (trimethoprim–sulfamethoxazole in 110 episodes and ciprofloxacin in seven 
episodes). In 17 episodes, oral antibacterial agents were being administered for treatment at the 
time of fever presentation (with or without prophylactic agents). Nine patients were receiving 
both prophylactic and therapeutic oral antibacterial agents.

Timing of sample collection relative to episode presentation
The date on which the blood for 16S rDNA was collected was the date of fever presentation (day 
0) in 189, day 1 after fever presentation in 46, day 2 in 21 and day 3 in 4 of the 260 episodes. Of 
those episodes in which the date of collection was on day 0 or 1 of fever, 67 patients had been 
started on i.v. antibiotics before the DNA sample was collected.

The classification of fever episodes according to the reference standard for 
central venous catheter-associated infection

The classification of fever episodes according to the reference standard for CVC-associated 
infection and the timing of sampling is shown in Table 1, which shows the results from 259 
episodes that were classified as probable, possible or unlikely. A single episode was classified as 
unclassifiable and is not included in the table.

Eligible episodes = 301
(207 children)

      

Reference standard results

301 – 41 = 260
One episode unclassifiable so

n = 259

Excluded = 41

Microbial DNA result (pg/μl)

n = 259

n = 259

<0.125 to 0.25
n = 20

≤0.125
n = 215

>0.5
n = 18

>0.25 to 0.5
n = 6

Pr Po UI
11 7 0

Pr Po UI
1 2  3

Pr Po UI
5 5 10

Pr Po UI
9 29    177

FIGURE 1 Eligible episodes, exclusions and numbers with different microbial DNA results and in each reference group. 
Pr, probable; Po, possible; Ul, unlikely.
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The number of episodes for different levels of microbial DNA is shown according to the reference 
standard criteria for probable, possible and unlikely CVC-associated infection in Table 1. Table 2 
shows further details in terms of DNA test result, blood culture result and classification of 
CVC-associated infection. A positive blood culture was recorded for 47 episodes, of which 24 
were classified as probable CVC-associated infection (Table 2). There were five episodes with a 
positive blood culture that were classified as unlikely to be CVC-associated infection. All of the 
18 episodes with DNA levels > 0.5 pg/µl had a positive blood culture. Sequencing of the bacterial 
DNA in these samples was performed following amplification of 16S rDNA from DNA extracts. 
The sequence identifications obtained are summarised in Table 3.

Table 4 shows likelihood ratios, sensitivity and specificity, and the post-test probability for each 
level of DNA and according to the timing of DNA sampling. Category C represents samples 
taken on the same day as or day after fever presentation, whereas category A represents results for 
the whole study group and is likely to reflect results achievable in practice. The receiver operating 
characteristic curve shows greater test accuracy the sooner DNA sampling was performed after 
fever presentation (category C).

Specificity was 100% for high levels of DNA (> 0.5 pg/µl), provided that the reference standard 
was grouped as probable and possible CVC-associated infection versus unlikely. Sensitivity was 
36% at this cut-off. This dichotomy is most likely to be relevant to clinical practice, as clinicians 
have a low threshold for admitting and treating any child with a possible CVC-associated 
infection with i.v. antibiotics. In this context, a highly sensitive test would be most useful to 
rule out children not requiring admission. Given a cut-off of ≥ 0.125 pg/µl, the sensitivity was 

TABLE 1 Classification of bacterial DNA result according to quality of DNA sample (categories A–C) and classification 
of CVC-associated infection (probable, possible or unlikely) from 259 episodesa

CVC infection (bacterial DNA 
level, pg/µl) Category A Category B Category C

Probable

> 0.5 11 11 10

> 0.25 to 0.5 1 1 1

> 0.125 to 0.25 5 4 2

≤ 0.125 9 4 2

n 26 20 15

Possible

> 0.5 7 7 6

> 0.25 to 0.5 2 2 1

> 0.125 to 0.25 5 4 2

≤ 0.125 29 27 20

n 43 40 29

Unlikely

> 0.5 0 0 0

> 0.25 to 0.5 3 3 3

> 0.125 to 0.25 10 9 7

≤ 0.125 177 160 137

n 190 172 147

Category A, all patients – all lumens sampled; category B, all lumens sampled within 48 hours of hospitalisation; category C – category B plus i.v. 
antibiotics not given on days before DNA sample.
a Excludes one episode that was unclassifiable.
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65% for the whole study population, rising to 80% for those sampled on day 0 or day 1 of fever 
presentation and not given any antibiotics before sampling. The likelihood ratios (LRs) show 
that intermediate levels of DNA are associated with only a small increase in the risk of CVC-
associated infection, whereas DNA > 0.5 pg/µl is highly predictive (LRs 14–19). Low levels of 
DNA (≤ 0.125 pg/µl) did not substantially diminish the risk of CVC-associated infection (LRs 
0.39–0.15). If the reference standard of CVC-associated infection was classified as probable or 
possible versus unlikely, high levels of DNA (> 0.5 pg/µl) were highly specific (LRs infinity), but 
low levels of DNA (≤ 0.125 pg/µl) did not rule out CVC-associated infection (LRs 0.59–0.54).

We conducted subgroup analyses according to how long the CVC had been in situ prior to the 
febrile episode. We found a doubling in the risk of raised DNA (> 0.125 pg/µl compared with 
≤ 0.125 pg/µl) in children with a CVC in situ for ≥ 4 weeks compared with those with one in 
situ for < 4 weeks, which was not significant at the 5% level [odds ratio 1.97, 95% confidence 
interval (CI) 0.92 to 3.01; 255 children had CVC duration recorded, 32 of whom had a CVC for 
< 4 weeks]. Sensitivity and specificity for children with a CVC in situ for ≥ 4 weeks did not differ 
appreciably from the overall results (LRs ranged from 0.3 to 14.9).

TABLE 2 The distribution of bacterial DNA results, for different types of bacteria isolated from blood cultures, and CVC-
associated infection status (whole study population)

Bacterial DNA level (pg/µl)

Classification of CVC infection status

Counts

Post-test probability (%)

Probable or possible 
vs unlikely

Probable vs possible 
or unlikely

Probable Possible Unlikely

Probable 
or 
possible Unlikely Probable

Possible 
or 
unlikely

Pathogens for which early removal recommendeda 4 7 0 100 0 36 64

 > 0.5 3 4 0 100 0 43 57

 > 0.125 to 0.5 0 1 0 100 0 0 100

 ≤ 0.125 1 2 0 100 0 33 67

Skin commensals onlyb 12 9 0 100 0 57 43

 > 0.5 5 0 0 100 0 100 0

 > 0.125 to 0.5 5 2 0 100 0 71 29

 ≤ 0.125 2 7 0 100 0 22 78

Other bacteria 8 7 5 75 25 40 60

 > 0.5 3 3 0 100 0 50 50

 > 0.125 to 0.5 1 2 1 75 25 25 75

 ≤ 0.125 4 2 4 60 40 40 60

Negative culture 2 20 185 11 89 1 99

 > 0.5 0 0 0 0  0 0 0

 > 0.125 to 0.5 0 2 12 14 86 0 100

 ≤ 0.125 2 18 173 10 90 1 99

Total 26 43 190 27 73 10 90

Note: totals vary between 258 and 260 episodes because there was one unclassifiable episode and missing data from another.
a Pathogens for which early removal is recommended (includes S. aureus, Pseudomonas aeruginosa, Acinetobacter spp., Bacillus spp.); see 

Mermel et al.13

b Skin commensals include coagulase-negative staphylococci and corynebacteria.
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TABLE 3 Identification of bacteria contained in blood samples following DNA sequencing of 16S rDNA amplified from 
samples containing > 0.5 pg of bacterial DNA/μl

Bacterial DNA 
(pg/μl blood) Bacterial identification by sequencing Blood culture identification

0.7 Staphylococcus spp. Coagulase-negative staphylococcus

0.7 S. epidermidis Coagulase-negative staphylococcus

1.1 Acinetobacter spp. Acinetobacter spp.

1.1 S. aureus S. aureus

1.4 Enterobacter spp. Enterobacter cloacae

1.6 S. epidermidis Coagulase-negative staphylococci

1.6 Klebsiella oxytoca K. oxytoca

2.9 Acinetobacter baumannii Acinetobacter spp./P. aeruginosa

5.6 S. aureus S. aureus

9.7 S. epidermidis Coagulase-negative staphylococci

11.25 Vibrio harveyi V. harveyi

12.8 A. baumannii A. baumannii

13.1 Bacillus cereus Bacillus spp.

13.1 K. oxytoca K. ocytoca

21.3 Escherichia coli Enterobacter spp.

21.6 Corynebacterium tuberculostericum Coagulase-negative staphylococci

160 Unreadable sequence Mixed Staphylococcus spp.

425 P. aeruginosa P. aeruginosa

TABLE 4a Classification of episodes of fever among children with suspected CVC-associated infection: Category A

Bacterial DNA (pg/μl 
blood)

Eligible, all lumens sampled (%)

Sensitivity, % (95% CI) Specificity, % (95% CI) LR (95% CI) Post-test probability, %

Reference standard grouped as probable vs possible or unlikely

> 0.5a 42 (23 to 63) 97 (94 to 99) 14.08 (5.98 to 33.17) 61

> 0.25 to 0.5 46 (27 to 67) 95 (91 to 97) 1.79 (0.22 to 14.76) 17

> 0.125 to 0.25 65 (44 to 83) 88 (84 to 92) 2.99 (1.18 to 7.55) 25

≤ 0.125 0.39 (0.23 to 0.67) 4

Reference standard grouped as probable or possible vs unlikely

> 0.5 26 (16 to 38) 100 (97 to 100) NA 100

> 0.25 to 0.5 30 (20 to 43) 98 (95 to 100) 2.75 (0.57 to 13.32) 50

> 0.125 to 0.25 45 (33 to 57) 93 (89 to 96) 2.75 (1.2 to 6.33) 50

≤ 0.125 0.59 (0.48 to 0.73) 18

NA, not applicable.
a Sensitivity or specificity are based on a cut-off below this category.
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Table 5 shows the distribution of DNA and blood culture results according to CVC removal 
or CVC-targeted antibiotic treatment. In 17 (6.5%) of the 260 evaluable episodes, CVCs were 
removed during the 28-day follow-up period. All but one CVC (a damaged CVC) were removed 
for suspected CVC-associated infection. The proportion of CVCs removed within 4 weeks of 
fever presentation increased as the bacterial DNA concentration increased (Table 5). The CVC 
was removed in 6 (2.8%) of 216 episodes with DNA ≤ 0.125 pg/µl, 1 (5%) of 20 episodes with 
> 0.125 to 0.25 pg/µl, one (16.7%) of six episodes with > 0.25 to 0.5 pg/µl and 9 (50%) of 18 
episodes with > 0.5 pg/µl.

TABLE 4b Classification of episodes of fever among children with suspected CVC-associated infection: Category B

Bacterial DNA (pg/μl 
blood)

Sampled within 48 hours of admission with fever (%)

Sensitivity, % (95% CI) Specificity, % (95% CI) LR (95% CI) Post-test probability, %

Reference standard grouped as probable vs possible or unlikely

> 0.5 a 55 (32 to 77) 97 (93 to 99) 16.66 (7.27 to 38.18) 61

> 0.25 to 0.5 60 (36 to 81) 94 (90 to 97) 2.12 (0.26 to 17.27) 17

> 0.125 to 0.25 80 (56 to 94) 88 (83 to 92) 3.26 (1.17 to 9.07) 24

≤ 0.125 0.23 (0.09 to 0.55) 2

Reference standard grouped as probable or possible vs unlikely

> 0.5 30 (19 to 43) 100 (97 to 100) NA 100

> 0.25 to 0.5 35 (23 to 48) 98 (95 to 100) 2.87 (0.59 to 13.82) 50

> 0.125 to 0.25 48 (35 to 62) 93 (88 to 96) 2.55 (1.03 to 6.3) 47

≤ 0.125 0.56 (0.43 to 0.71) 16

NA, not applicable.
a Sensitivity or specificity are based on a cut-off below this category.

TABLE 4c Classification of episodes of fever among children with suspected CVC-associated infection: Category C

Bacterial DNA (pg/μl 
blood)

Category B, plus i.v. antibiotics not given on days before DNA sample (%)

Sensitivity, % (95% CI) Specificity, % (95% CI) LR (95% CI) Post-test probability, %

Reference standard grouped as probable vs possible or unlikely

> 0.5 a 67 (38 to 88) 97 (93 to 99) 19.56 (8.24 to 46.4) 63

> 0.25 to 0.5 73 (45 to 92) 94 (90 to 97) 2.93 (0.35 to 24.61) 20

> 0.125 to 0.25 87 (60 to 98) 89 (84 to 93) 2.61 (0.62 to 10.99) 18

≤ 0.125 0.15 (0.04 to 0.54) 1

Reference standard grouped as probable or possible vs unlikely

> 0.5 36 (22 to 52) 100 (96 to 100) NA 100

> 0.25 to 0.5 41 (26 to 57) 98 (94 to 100) 2.23 (0.38 to 12.91) 40

> 0.125 to 0.25 50 (35 to 65) 93 (88 to 97) 1.91 (0.59 to 6.22) 36

≤ 0.125 0.54 (0.4 to 0.72) 14

NA, not applicable.
a Sensitivity or specificity are based on a cut-off below this category.
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Discussion

The 16S rDNA test yielded sensitivity for episodes defined as probable CVC-associated infection, 
specificity and positive predictive values similar to those reported for paired quantitative blood 
cultures.32 Unlike many reported evaluations, this study was performed by laboratory staff 
working at a distant site unaware of the clinical details of individual patients, and the results 
were achieved despite the frequent exposure of patients to oral antibiotics in the 2-week period 
preceding fever presentation.

The method reported here has a relatively high minimum detection level of c. 10 genome 
copies/µl of blood. This relatively high minimum detection level probably explains the episodes 
with positive blood culture and undetectable bacterial DNA (although the possibility of blood 
culture contamination cannot be excluded). This high detection level also reduces the chances 
of a positive bacterial DNA test result arising as a consequence of sample contamination. A 
limitation of the methodology used in this study was the use of the discard sample. The implicit 
assumption was that this sample would represent microbial colonisation throughout the CVC 
lumen. This assumption may not be correct. We would recommend the collection of a sufficient 
sample volume to ensure that the whole volume of the CVC lumen is sampled. Extraction of 
microbial DNA from a larger volume would also potentially increase test sensitivity.

TABLE 5 CVC removal or targeted treatment according to bacterial DNA level and blood culture identification (whole 
study population)

Bacterial DNA level (pg/µl)

CVC removal for infectiona Targeted treatmentb

Yes No Days to removal Yes No Missingc

Pathogens for which early removal is recommended 6 5 5 6 0

 > 0.5 6 1 2, 4, 4, 6, 8, 11 4 3 0

 > 0.125 to ≤ 0.5 0 1 0 1 0

 ≤ 0.125 0 3 1 2 0

Skin commensal only 3 18 6 12 3

 > 0.5 1 4 21 3 2 0

 > 0.125 to ≤ 0.5 2 5 2, 9 2 3 2

 ≤ 0.125 0 9 1 7 1

Other bacteria 4 16 6 13 1

 > 0.5 2 4 2, 8 3 3 0

 > 0.125 to ≤ 0.5 0 4 1 2 1

 ≤ 0.125 2 8 3, 11 2 8 0

Negative culture 4 204 7 169 31

 > 0.5 0 0 0 0 0

 > 0.125 to ≤ 0.5 0 15 0 10 4

 ≤ 0.125 4 189 10, 16, 17, 19 7 159 27

Total 17 243 24 200 35

Note: totals vary between 258 and 260 episodes owing to missing data.
a CVC removal for infection at any time.
b Targeted treatment defined as children with CVC removal for infection before 7 days after presentation or slow infusion of antibiotics or use of 

antibiotic locks.
c Missing assumed to have no targeted treatment.
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The manual DNA extraction method described in this study is time-consuming, but subsequent 
evaluations have obtained comparable results using automated DNA extraction systems, with 
considerable savings in technicians’ time (results not shown). The quantitative bacterial DNA 
method used in the present study does not generate a product that is sufficiently informative 
to allow bacterial identification. When the bacterial DNA concentration was > 0.5 pg/µl, it was 
possible to identify bacteria by amplification of a discriminatory 16S rDNA region, followed by 
sequencing of the amplified product. The majority of identifications according to molecular and 
conventional laboratory methods were consistent. Discrepant identifications probably reflect the 
limitations of routine laboratory standard operating procedures.

Previous reports have suggested a link between time to positivity (a marker of bacterial load) 
and outcome for both S. aureus18 and S. pneumoniae19 bloodstream infections. In the present 
study, increasing bacterial DNA load in blood samples drawn through the CVC was associated 
with an increasing risk of CVC removal for suspected infection. Information was collected for 
only 4 weeks after fever presentation. Prolonging the period of data collection might allow a 
better assessment of the implications for outcomes in patients with high bacterial load CVC-
associated infection (see Chapter 3). Bacterial load is an important determinant of the efficiency 
of sterilisation and disinfection processes, so it is perhaps not surprising to find a relationship 
between the effectiveness of antimicrobial treatment of CVC-associated infection and bacterial 
load.

Whether measurement of high or low levels of DNA is most useful depends on how the test 
will be used in practice. In the original proposal for this study we envisaged the main benefit 
of using a molecular test for CVC-associated infection to be a reduction in unnecessary CVC 
removal – based on estimates that 60% of CVCs removed for suspected infection were removed 
unnecessarily (see background to study in trial protocol, Appendix 1, and Farr33). However, the 
results showed that removal of a CVC for suspected infection without FRC or a DNA result 
of < 0.125 pg/µl was uncommon, so the number of ‘unnecessary’ CVC removals defined by 
clinical criteria or DNA level was small. Hence, the potential benefit of the DNA test in reducing 
unnecessary CVC removal is also small. This finding concurs with the stated current practice 
in paediatric oncology in the UK and much of Europe,34 which is to retain CVCs if removal can 
be avoided. On the other hand, the bacterial DNA test does identify children with episodes of 
probable CVC-associated infection in whom improved treatment strategies for CVC-associated 
infection could be targeted. The test was not sufficiently sensitive to rule out patients at low risk 
of CVC-associated infection.

The main limitation of the accuracy study was the lack of an adequate reference standard. We 
used criteria for a CVC-associated bloodstream infection that combined blood culture results 
with clinical signs of CVC-associated infection and response to treatment, based on clinicians’ 
judgement. These judgements may have been strongly influenced by the blood culture result, 
which could have biased results in favour of underestimating the accuracy of bacterial DNA 
testing. This means that we were unable to determine whether DNA testing is more accurate 
than blood culture, and whether DNA testing would improve the prediction of outcomes over 
and above information currently available from clinical signs and blood culture. In Chapter 3, we 
aim to address this question by comparing the prediction of DNA and other tests for prognostic 
outcomes, including CVC removal and recurrence of bloodstream infection.
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Chapter 3  

Prognostic markers for sequelae of 
central venous catheter-associated 
bloodstream infection

Background

To decide on the introduction of a new test, clinicians need to know the added value of bacterial 
DNA testing over and above information that would be available from other tests that would 
usually be performed. Clinicians can opt to add a new test to an existing set of tests, use the new 
test instead of an existing test, or not use the new test at all. In Chapter 2, we compared bacterial 
DNA testing with a clinical reference standard for CVC-associated bloodstream infection. 
However, this reference standard is imperfect and, because it includes one of the existing tests 
used on admission (blood culture), the accuracy study does not provide information on whether 
DNA testing is more effective than blood culture. To address this question, we compared DNA 
testing and blood culture as predictors of the consequences of CVC-associated infection. This 
makes sense clinically as the usual intervention for children admitted with fever is at least 5 days 
of i.v. antibiotics. Many children with a bloodstream infection from any source (CVC or other 
sites) will be adequately treated by this regimen. Clinicians particularly want to identify children 
who are unlikely to respond to such treatment and need additional interventions targeted at 
CVC-associated infection, or even need their CVC removed. Clinicians also need to be able 
to identify children who do not need the 5 days of antibiotics at all, and could be discharged 
early on. This last question cannot be addressed by this study as no centre routinely discharged 
children early.

To predict the children likely to need additional targeted interventions, we analysed outcomes for 
a cohort of children derived from the accuracy study reported in Chapter 2. We determined the 
prognosis for outcomes at 28 days and 6 months after admission, according to tests and markers 
assessed on all children at admission. The primary outcomes were days of i.v. antibiotic treatment 
and CVC removal.

In addition to these secondary analyses of existing data, we searched the literature for studies 
on prognostic outcomes in children with cancer who had suspected CVC-associated infection 
(see Chapter 5, Figure 5 and search strategy in Appendix 5). As we found no relevant studies, we 
explored using other data sets for secondary analysis.

We obtained a data set from a longitudinal study of children with cancer conducted in the 1990s 
by Tweddle et al.35 The study, UKCCSG SC 9403, was instituted jointly by the UKCCSG (now 
CCLG) and the Paediatric Oncology Nurses’ Forum (PONF) of the Royal College of Nursing. 
The design was a prospective observational study examining both mechanical and infective 
complications of CVCs in children being treated for cancer.

Eligible participants were all patients requiring central venous access for cancer therapy 
administered by a UKCCSG centre over a 20-month period from 1994 to 1996. Infection 
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episodes requiring i.v. antibiotic treatment were recorded in the data set and we assumed that 
children were admitted to hospital for these episodes. To reproduce the cohort derived from 
the accuracy study reported in Chapter 2, we randomly selected one i.v. treatment period for 
each child, provided treatment started > 2 weeks after a previous treatment period. The cohort 
comprised 1069 patients, of whom 339 had at least one admission meeting our criteria. During 
these analyses we were notified of concerns about data errors by the Clinical Trials Unit (CTU) 
in Leicester, where the data were held. As the CTU was in the process of closing, no further data 
checking was possible. In view of the lack of confidence in the data expressed by the custodians, 
we have not used these analyses. Characteristics of the cohort are summarised in Appendix 8.

Methods for prognostic analyses of the accuracy study cohort

The aim of the secondary analyses of the accuracy cohort (described in Chapter 2) was to 
determine how clinical signs or test characteristics recorded at admission discriminate between 
children with and without sequelae of CVC-associated bloodstream infection. We assumed that 
this cohort represents the baseline prognosis in patients treated with standard care rather than 
targeted treatment for CVC-associated infection. This assumption is based on practice reported 
by collaborating centres and the fact that CVC-targeted treatment was recorded for only 24/260 
infection episodes in the accuracy study (see Table 2).

The study was co-ordinated through the Supportive Care Group of the CCLG and involved eight 
UK centres. They were Belfast, Bristol, Great Ormond Street (London), Liverpool, Newcastle 
upon Tyne, Nottingham, Royal Marsden (London) and University College Hospital (London).

Population
We defined the population using the same eligibility criteria as the original accuracy study 
(in Chapter 2): children with cancer and a CVC expected to remain in situ for 3 months who 
were admitted from the community with fever and had not received i.v. antibiotics within the 
previous 2 weeks. As the accuracy study data set included multiple admissions with fever for 
the same child, often within a few months of the first admission, we confined our prognostic 
analyses to the first admission. For this reason, the results differ from the accuracy study. We 
found 181 eligible children who had 181 index admissions and 87 recurrent admissions (total 
of 268 admissions). This differs from the 260 admissions analysed in the accuracy study, as our 
definition of recurrent admission included children admitted for i.v. antibiotics regardless of 
whether they met the entry criteria for the accuracy study (e.g. fever and no i.v. treatment within 
previous 2 weeks).

Data collection
We used the clinical data as recorded on the data collection proforma for the accuracy study (see 
Appendix 2). We approached all centres for further data on outcomes up to 6 months after the 
index admission and for any relevant missing data for the 28-day follow-up. Research nurses in 
each centre were sent a spreadsheet of included patient admissions, showing the data available 
for key variables (e.g. date of admission, date of death, and dates for end of initial i.v. treatment, 
CVC removal, and start and end of recurrent treatment periods). They were asked to check the 
results and add information where this was highlighted as missing or inconsistent. Mike Millar 
repeatedly contacted non-responders and visited two centres (Newcastle upon Tyne and Royal 
Marsden) to undertake data extraction himself. Data returns were checked and further queries 
were sent if necessary. This process began in December 2008 and was stopped in October 2009 
when the data set was closed for final analyses.
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Prognostic markers
The markers examined were test results or clinical characteristics recorded in the data set 
that would be available to clinicians on admission or within 72 hours of admission. These are 
described in detail in Table 6. Two test results were considered in all analyses in addition to DNA 
results, blood culture and clinical signs (FRC) recorded on admission, as these are routinely 
performed on all children with suspected CVC-associated infection. A positive blood culture 
can be due to different sources of infection. The accuracy study found that half the bloodstream 
infections were classified as probably owing to CVC-associated infection and half as possibly 
CVC-associated infection (see Table 5).

Outcomes
The primary outcomes were (1) total duration of any i.v. treatment episodes during the 
28-day follow-up period (even if the CVC was removed before 28 days) and (2) removal of 
the CVC, measured by survival analyses of time to removal within 28 days. These outcomes 
were reanalysed for the 6-month follow-up, as a study by Rijnders et al.36 showed that the rate 
of recurrent infections following CVC-associated bloodstream infection in patients given 
standard care compared with antibiotic locks starts to diverge from 6–8 weeks after the start of 
treatment. Unfortunately, the 6-month follow-up data were not complete for the whole cohort, 
and were therefore regarded as secondary outcomes. Death was too rare to be included in the 
analyses, and serious complications of infection were not reported. Other secondary outcomes 
were (3) recurrence of bloodstream infection requiring i.v. antibiotics, measured using survival 
analyses of time to recurrence and, to take account of multiple recurrences, the rate of recurrence 
during the 28-day follow-up period originally used for the accuracy study; and (4) duration 
of initial i.v. antibiotic treatment, a proxy marker for the severity of the initial infection. This 
outcome was measured by survival analyses of time to stopping initial antibiotic therapy (see 
Table 6).

Categorical variables were reported as counts and proportions, and continuous variables as 
means with the standard error and/or medians with interquartile range (IQR); incidence rates 
were reported as events per 1000 CVC days.

Missing data
Missing data arose mainly in the start and end dates of antibiotic treatment periods. Dates were 
imputed using the mean duration of treatment in patients with complete data. We excluded cases 
with both dates missing (2/181 children from the 28-day analyses and 82/181 from the 6-month 
follow-up; Table 7).

Statistical analysis

Survival analysis was used for time-to-event outcomes associated with each prognostic variable, 
and hazard ratios (HRs), CIs and p-values were calculated. Survival curves were plotted using 
Kaplan–Meier estimates for time-to-event outcomes for each of the three tests (DNA, blood 
culture and clinical signs of FRC). Poisson regression was used to calculate rate ratios for 
recurrent i.v. treatment periods, taking into account multiple recurrences in some patients. 
Linear regression analysis was used to determine the effect of prognostic markers on the total 
duration of i.v. treatment.

The multivariable analyses were confined to two primary outcomes: time to CVC removal and 
the total duration of i.v. treatment during follow-up. We did not undertake multivariable analyses 
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TABLE 6 Variables used in the prognostic analyses based on the accuracy study data set

Name Description

Population Child had at least one admission that was included in the analyses for the accuracy study. The first admission 
was selected as the index admission

Prognostic markers

Age Number of years from date of birth to date at index admission

Type of cancer Classified according to International Classification of Diseases for Oncology as non-haematological or 
haematological

Number of lumens Single; multiple (two or three lumens)

Type of CVC External vs implanted port or other type of CVC (see Glossary)

Duration of CVC insertion before 
treatment episode

Number of months from date of insertion of CVC in situ at index admission and date of index admission

Oral antibiotics received in 2 
weeks before infection episode

Yes or no

FRC Recorded at admission: a sign of CVC-associated infection (yes/no)

Superficial signs of tunnel/exit site 
infection

Recorded at admission (yes/no)

Quantitative bacterial DNA results Based on sample at admission: > 0.5 pg/µl; > 0.125 to ≤ 0.5 pg/µl; and ≤ 0.125 pg/µl 

Blood culture results Positive blood cultures were classified into three groups based on current best practice recommendations for 
treating bacterial CVC-associated bloodstream infection according to the type of organism isolated:13

Pathogens refer to bacterial isolates that should lead to prompt CVC removal – examples include S. aureus 
and P. aeruginosa

Other refers to isolates for which antimicrobial lock treatment is recommended instead of prompt CVC 
removal – examples include the Enterobacteriaceae (such as Klebsiella spp.) One child with candidaemia was 
included in this category

Skin bacteria refers to blood culture isolates for which antimicrobial lock treatment is recommended. Prompt 
CVC removal is not recommended unless special circumstances apply – examples include coagulase-
negative staphylococci

Other and skin bacteria were grouped together in the prognostic analyses as ‘other’ because of sparse data. 
Children with a positive blood culture may or may not have a CVC-associated infection

Negative blood cultures

Outcomes

Time to end of initial i.v. antibiotic 
treatment during index infection 
episode

Number of days from start of first treatment period to end of initial i.v. treatment period. Any gaps of ≤ 5 days 
between IV treatment episodes were considered to be part of the same treatment period. Initial i.v. treatment 
period was defined as any i.v. treatment started ≤ 5 days after admission or after stopping oral treatment 
started on the day of admission

Recurrent episode of infection 
requiring i.v. treatment

Any admission for i.v. antibiotics that started > 5 days after stopping initial i.v. treatment or after stopping oral 
treatment started on the day of admission. The duration of the recurrent i.v. treatment episode was from the 
start of recurrent i.v. treatment until the end of the last i.v. treatment. Treatments given < 5 days after the stop 
date of the last i.v. treatment were regarded as part of the same i.v. treatment episode

Duration of i.v. treatment Actual days of i.v. treatment given from admission with suspected infection until 28 days later. Includes initial 
and subsequent i.v. treatment periods. Gaps of < 5 days between stopping and starting different i.v. treatment 
regimens are not included in this total

Time to recurrent episode of 
infection

Number of days from end of initial treatment episode to start of first recurrent i.v. treatment episode

Rate of recurrent i.v. treatment 
episodes

Number of recurrent i.v. treatment episodes per 1000 CVC days at risk. Time at risk was defined as the 
interval between the end of the index i.v. treatment episode (or 48 hours after admission if oral antibiotics 
given) to 28 days or 6 months after index admission

Reason CVC removed during 
follow-up period

Classified as infection; death; CVC damage or accidental removal; reason not stated; not removed

Time to CVC removal Number of days from index admission to CVC removal within 28 days or 6 months after index admission

Incidence of CVC removal Calculated as CVC removal for any reason divided by time at risk for CVC removal. Time at risk is from date of 
index admission until CVC removal or 28 days or 6 months
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TABLE 7 Distribution of prognostic markers and outcomes in cohort derived from the accuracy study and followed up 
to 28 days and 6 months

Variable

Duration of follow-up

28 days 6 months

Total number of patients 181 181

Patients excluded owing to missing data 2 82

Number of patients with index admission included in analysis 179 99

Characteristics before admission

Age at admission with suspected infection

 Overall n (%) 179 (100) 99 (100)

 Median (IQR) 7 (3 to 11) 7 (3 to 11)

 Mean (SEM) 7 (0.4) 7 (0.5)

 < 3 years n (%) 35 (20) 20 (20)

 Median (IQR) 2 (1 to 2) 2 (2 to 3)

 Mean (SEM) 2 (0.1) 2 (0.2)

 ≥ 3 years n (%) 144 (80) 79 (80)

 Median (IQR) 8 (5 to 12) 8 (5 to 12)

 Mean (SEM) 9 (0.4) 9 (0.5)

Cancer type

 Non-haematological, n (%) 62 (35) 35 (35)

 Haematological, n (%) 116 (65) 64 (65)

Number of lumens in the CVC

 Single, n (%) 80 (45) 39 (39)

 Multiple, n (%) 99 (55) 60 (61)

Type of CVC

 External, n (%) 135 (75) 90 (91)

Implanted port, n (%) 44 (25) 9 (9)

Duration of CVC insertion before admission for fever, months 

 Median (IQR) 4 (1 to 8) 4 (1 to 8)

Oral antibiotics in 2 weeks before infection admission

 Yes, n (%) 85 (47) 35 (35)

 No, n (%) 91 (51) 62 (63)

 Missing 3 0

Characteristics on admission for infection episode

FRC

 Yes, n (%) 13 (7) 10 (10)

 No, n (%) 166 (93) 89 (90)

Superficial signs of tunnel/exit site infection within 3 days of admission 

 Tunnel or exit site, n (%) 10 (6)  4 (4)

 No superficial signs, n (%) 169 (94) 95 (96)

Bacterial DNA result based on sample at admission

 > 0.5 pg/µl, n (%) 13 (7) 11 (11)

 > 0.125 to 0.5 pg/µl, n (%) 15 (8) 7 (7)

 ≤ 0.125 pg/µl, n (%) 151 (84) 81 (82)

Characteristics at 48 hours after admission

Blood culture result (see definitions in Table 6)

 Pathogens, n (%) 5 (3) 3 (3)

 Other positive result, n (%) 31 (17) 19 (19)

 Negative culture, n (%) 143 (80) 77 (78)

continued
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for recurrent treatment episodes owing to lack of power. To determine the added predictive 
value of DNA status, we analysed multivariable models that included blood culture and clinical 
signs, with and without DNA status. We compared the goodness of fit of these models using 
the Akaike’s information criterion (AIC) statistic. We included additional variables that were 
associated with time to CVC removal or the total duration of i.v. treatment, provided that they 
were not strongly correlated with other variables in the model. Statistical analysis was performed 
using r v.2.9.2 (R Foundation for Statistical Computing, Vienna, Austria).37 We carried out 
a sensitivity analysis restricted to prognostic markers available on the day of admission and 
excluding blood culture results.

Variable

Duration of follow-up

28 days 6 months

Outcomes

Follow-up period

Duration of follow-up after admission (in days)

 Mean (median) 28 (28) 183 (183)

Recurrent infection episode

Number of patients with recurrent periods of i.v. treatment after index episode 

 n (%) 34 (19) 66 (67)

Time to second period of i.v. treatment

 Median (IQR) 21 (15 to 22) 48 (29 to 97)

 Mean (SEM) 19 (0.9) 66 (5.8)

Incidence of recurrent admission for i.v. treatment (per 1000 days)a 

 Mean 8.817 3.829

Days of i.v. treatment

Days of i.v. treatment during index infection episode

 Median (IQR) 4 (3 to 7) 5 (2 to 8)

 Mean (SEM) 6 (0.4) 8 (1.4)

Days of i.v. treatment after discharge following index admission

 Median (IQR) 0 (0 to 0) 7 (4 to 12)

 Mean (SEM) 1 (0.2) 9 (0.9)

CVC removal

Reason CVC removed during follow-up period 

 Total, n (%) 10 (6) 47 (47)

 Infection, n (%) 10 (6) 24 (24)

 Death, n (%) 0 (0) 1 (1)

 CVC damage/accidental removal, n (%) 0 (0) 0 (0)

 Reason not stated, n (%) 0 (0) 22 (22)

 Not removed, n (%) 169 (94) 52 (53)

Incidence of CVC removal/1000 days' follow-upb

 Mean 1.995 2.6

SEM, standard error of the mean.
a From end of index admission to end of follow-up.
b From start of index admission to end of follow-up or to CVC removal if earlier.

TABLE 7 Distribution of prognostic markers and outcomes in cohort derived from the accuracy study and followed up 
to 28 days and 6 months (continued)
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Results

The distribution of prognostic markers and outcome variables are shown in Table 7 for 179 
children with sufficient data for inclusion in the 28-day follow-up and for 99 children included 
in the 6-month follow-up. The age distribution between the two data sets was similar, with 20% 
of children aged < 3 years and 65% with haematological cancer. The median duration of CVC 
insertion before the index admission was 4 months. Few children (7%) had FRC. However, 
one-fifth had a positive blood culture, although few of these contained pathogens, as defined in 
Table 2.

The relationship between clinical signs, DNA test and blood culture results is shown in Table 8. 
All test results are negative for 73% of children (131/179). The univariate analyses for follow-up to 
28 days show relatively few associations at a 5% level of significance. Implanted CVCs and those 
with a single lumen were associated with earlier stopping of initial i.v. antibiotic treatment than 
external ports or CVCs with multiple lumens (i.e. HR for stopping treatment was > 1.0; Table 9). 
Children with FRC or with a positive blood culture were less likely to stop initial treatment early 
(HR < 1.0) and had a longer overall duration of i.v. treatment. They were also more likely to have 
their CVC removed. These findings are not surprising as duration of treatment and the decision 
to remove the CVC will be partly determined by the blood culture result and by the presence 
of clinical signs of CVC-associated infection. The effect of high levels of bacterial DNA varied 
according to whether the CVC was removed or not. Subgroup analyses in the lower part of 
Table 9 and Appendix 3 show that a high level of DNA was associated with increased days of i.v. 
treatment in patients in whom the CVC was not removed, but this relationship was not observed 
for patients with the CVC removed, partly because so few patients were studied.

Similar patterns were observed for follow-up at 6 months, although associations were weaker 
and fewer were significant at the 5% level (see Appendix 3). In the 6-month follow-up, use of 
oral antibiotics in the 2 weeks prior to index admission appeared to be protective for recurrent 
i.v. treatment and CVC removal, and children younger than 3 years appeared to have a reduced 
risk of recurrent infection. These results should be regarded with caution because the cohort 
represents just over 50% of those eligible for inclusion. In addition, the large number of 
comparisons also increases the chance of associations being statistically significant by chance.

TABLE 8 Relationship between three tests (bacterial DNA, blood culture and clinical signs of FRC) in cohorts followed 
up to 28 days and 6 months

FRC BC

DNA (pg/µl) 

28-day follow-up period 6-month follow-up period

> 0.5 > 0.125 to ≤ 0.5 ≤ 0.125 > 0.5 > 0.125 to ≤ 0.5 ≤ 0.125

Yes Pathogen 0 0 0 0 0 0

Yes Others 5 1 2 4 1 1

Yes None 0 0 5 0 0 4

No Pathogen 3 0 2 2 0 1

No Others 5 7 11 5 3 5

No None 0 7 131 0 3 70

BC, blood culture result; DNA, bacterial DNA result based on sample at admission.
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Figures 2 and 3 show survival plots for the three tests of clinical signs (FRC), bacterial DNA and 
blood culture for two outcomes: recurrent i.v. treatment episode and CVC removal. Consistent 
with the effects shown in Table 9 for the 28-day outcomes, these tests do not discriminate 
between children with recent infection, but show a clear effect for CVC removal. Similar patterns 
are seen for the cohort followed up for 6 months (see Appendix 3).

Multivariable analyses
The strong associations between clinical signs of FRC and pathogens isolated on blood culture 
and an increased risk of CVC removal persisted in the multivariable analyses. The addition 
of bacterial DNA to the model attenuated this relationship slightly. Single-lumen CVCs were 
associated with a reduced overall duration of i.v. treatment: this effect was not altered by 
inclusion of DNA level in the model. DNA level was not significantly predictive of any outcome 
and did not significantly improve the fit of the model, as measured by the AIC. Similar results 
were found for the cohort followed up for 6 months (see Appendix 3, Table 22).

The sensitivity analyses showed that if only markers available on the day of admission were 
considered, bacterial DNA did contribute significantly to the prediction of CVC removal and 
duration of i.v. treatment (Table 10 and Figure 4). If high DNA (> 0.5 pg/µl) or clinical signs of 
FRC were considered as a combined marker (vs any other result for FRC or DNA), a positive 
result was highly predictive of CVC removal and i.v. treatment duration.

Discussion

These findings provide no evidence that bacterial DNA, used as a single test on admission 
in this patient population, improved the prediction of outcomes at 28 days related to CVC-
associated bloodstream infection. Analyses based on follow-up to 6 months did not change these 
conclusions but were underpowered to detect potentially important effects. Limitations of the 
study are discussed in Chapter 6.

Test = FRC

Time (days) since end of index treatment episode

(a)

1.0

0.8

0.6

0.4

0.2

0.0P
ro

p
or

tio
n 

of
 p

at
ie

nt
s 

no
t 

ha
vi

ng
 r

ec
ur

re
nt

 in
fe

ct
io

n

0 5 10 15 20 25

No
Yes

FIGURE 2 Kaplan–Meier plots of time to recurrent infection requiring i.v. treatment in cohort followed up for 28 days 
according to three test results: (a) FRC; (b) bacterial DNA; (c) blood culture (BC).



© Queen’s Printer and Controller of HMSO 2011. All rights reserved.

27 Health Technology Assessment 2011; Vol. 15: No. 7DOI: 10.3310/hta15070

FIGURE 2 Kaplan–Meier plots of time to recurrent infection requiring i.v. treatment in cohort followed up for 28 days 
according to three test results: (a) FRC; (b) bacterial DNA concentration; (c) blood culture (BC) result (continued).
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Time (days) since admission with suspected infection
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FIGURE 3 Kaplan–Meier plots of time to CVC removal in cohort followed up for 28 days according to three test results: 
(a) FRC; (b) bacterial DNA; (c) blood culture (BC). 
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FIGURE 3 Kaplan–Meier plots of time to CVC removal in cohort followed up for 28 days according to three test results: 
(a) FRC; (b) bacterial DNA; (c) blood culture (BC) (continued).
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FIGURE 4 Sensitivity analysis showing survival analysis for time to CVC removal at 28 days given FRC-positive or DNA 
level > 0.5 pg/µl (vs FRC-negative or DNA ≤ 0.5 pg/µl).
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TABLE 10a Multivariable analyses of predictors of outcomes related to CVC-associated infection

Explanatory 
variables

Time to CVC removal
Total duration of i.v. treatment [adjusted for indicator 
variable: CVC removal with follow-up period (yes/no)]

Model without DNA Model with DNA Model without DNA Model with DNA

HR  
(95% CI) p-value

HR  
(95% CI) p-value

Coefficient 
(95% CI) p-value

Coefficient 
(95% CI) p-value

Single lumen 0.17 (0.02 to 
1.37)

0.096 0.17 (0.02 to 
1.37)

0.096 –2.94 (–4.50 to 
–1.37)

0.000 –2.79 (–4.42 to 
–1.17)

0.001

With FRC 13.50 (3.87 to 
47.08)

< 0.0005 6.93 (1.63 to 
29.33)

0.009 2.65 (–0.57 to 
5.87)

0.109 2.33 (–0.98 to 
5.64)

0.170

DNA (> 0.5 pg/µl) 4.51 (1.06 to 
19.20)

0.042 1.44 (–1.88 to 
4.77)

0.395

DNA (0.125–
0.5 pg/µl)

0.00 (0 to ∝) 0.998 0.73 (–2.15 to 
3.61)

0.620

AIC 87.55 84.60 596.21 599.28

DNA, bacterial DNA result.
Significant values at the 0.05 level are shown in bold.

TABLE 10b Sensitivity analyses restricted to variables available on day of admission

Explanatory 
variables

Time to CVC removal
Total duration of i.v. treatment (Adjusted for indicator 
variable: CVC removal with follow up period (Yes/No))

Model without DNA Model with DNA Model without DNA Model with DNA

HR  
(95% CI) p-value

HR  
(95% CI) p-value

Coefficient 
(95% CI) p-value

Coefficient 
(95% CI) p-value

DNA as independent variable

Single lumen 0.17 (0.02 to 
1.37)

0.096 0.17 (0.02 to 
1.37)

0.096 –2.94 (–4.50 to 
–1.37)

0.000 –2.79 (–4.42 to 
–1.17)

0.001

With FRC 13.50 (3.87 to 
47.08)

<0.0005 6.93 (1.63 to 
29.33)

0.009 2.65 (–0.57 to 
5.87)

0.109 2.33 (–0.98 to 
5.64)

0.170

DNA (> 0.5 pg/µl) 4.51 (1.06 to 
19.20)

0.042 1.44 (–1.88 to 
4.77)

0.395

DNA (0.125–
0.5 pg/µl)

0.00 (0 to ∝) 0.998 0.73 (–2.15 to 
3.61)

0.620

AIC 87.55 84.60 596.21 599.28

Model DNA + FRC Model DNA + FRC

Single lumen 0.26 (0.03 to 
2.07)

0.202 –2.82 (–4.38 to 
–1.26)

0.001

FRC (+) or DNA 
> 0.5 pg/µl

29.63 (6.17 to 
142.23)

0.000 2.97 (0.20 to 
5.75)

0.037

AIC 87.55 596.21

DNA, bacterial DNA result.
Significant values at the 0.05 level are shown in bold.
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Chapter 4  

Systematic reviews of interventions

Overview of the systematic reviews

Scope of the reviews: rationale
We conducted systematic reviews for three treatment comparisons. These were selected based on 
clinical opinion (Mike Millar in discussion with the CCLG) and the available research literature.38 
The clinically important outcomes were resolution of infection, removal of the CVC owing to 
infection and recurrence of infection. The intervention options reviewed are outlined in brief 
below.

1.  Early CVC removal compared with retaining the CVC and treatment in situ Central venous 
catheter access is particularly important in children not only for the administration of 
cytotoxic drugs but also to avoid the trauma of repeated venepuncture. In paediatric 
oncology practice, removal of the CVC for suspected CVC-associated infection is seen as a 
last resort reserved for children with complicated or unresolving CVC-associated infection. 
This is because, compared with adults, CVC reinsertion carries a greater anaesthetic and 
operative risk, involves greater technical difficulties and is more likely to ‘use up’ venous 
access sites that might be needed in future.

2.  Treat the suspected CVC-associated infection with an antimicrobial lock solution compared 
with a standard heparin lock Antibiotic or antiseptic lock solution (together referred to as 
antimicrobial) can be used to treat suspected CVC-associated infection, and in children 
might be used to ‘salvage’ the line – avoiding removal.

3.  Antimicrobial locks to prevent CVC-associated infection We conducted a review of the 
effectiveness of locks to prevent CVC-associated infection, as this option might reduce the 
overall incidence of admission of children with suspected CVC-associated infection.

The section on locks includes a survey of paediatric oncology units in the UK: on the use of 
antimicrobial locks in practice, and on the formulation of locks used.

The inclusion criteria for these reviews distinguished between interventions affecting infection 
within the CVC and interventions involving the whole patient. We reasoned that antimicrobial 
locks are interventions that act on infection within the CVC and should therefore have a similar 
effect across patient groups. We included any studies in adults or children in these reviews (2 and 
3). On the other hand, the criteria for CVC removal are related to problems with venous access, 
as well as the underlying clinical problem, and are likely to vary between children and adults. 
We therefore restricted the review of CVC removal to studies in children and adolescents with 
cancer.

One further strategy, used by some clinicians for children with suspected CVC-associated 
bloodstream infection, is to administer systemic antibiotics by slow infusion instead of bolus i.v. 
injection. The rationale, to increase the duration of exposure of organisms colonising the CVC to 
antibiotics, is based on evidence that bactericidal action is time dependent.39 We did not conduct 
a systematic review of this option for two reasons. First, we found no relevant studies for slow 
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infusion compared with bolus administration of antibiotics (see Figure 5). Second, our searches 
highlighted difficulties in the definition of slow and bolus. For example, we found one systematic 
review of 17 RCTs that compared continuous infusion with intermittent administration of 
antibiotics.40 Clinical failure was lower, albeit with equivocal statistical significance, in patients 
randomised to continuous infusion. We also found one study protocol (see Appendix 4) that 
randomised patients either to bolus injection with teicoplanin or to prolonged teicoplanin 
exposure, which could involve slow infusion (over 1–2 hours) or a teicoplanin lock (either given 
at the clinician’s discretion). There is a need for further research using clearly defined criteria for 
the duration and dosage of antibiotic administration.

No protocol for any of these reviews has been published elsewhere and there is no registration 
number for these reviews.

Search strategy, selection of studies and data extraction

The results of the searches are summarised in Figure 5. Search terms are given in Appendix 5. 
First, we conducted a broad search of the Cochrane Central Register of Controlled Trials 
(CENTRAL) to identify any RCTs that included terms relating to CVC and infection. Second, 
we conducted a sensitive search for prognostic studies, using terms related to follow-up or 
prognosis combined with terms for CVC and infection or removal, and restricted to children or 
adolescents. Third, we devised searches for comparisons involving locks and removal of the CVC. 

FIGURE 5 Flow diagram of searches.

Cochrane CENTRAL
(n = 362; 2 April 2009)

Searches

Locks – reviews (number of studies) Removal

38

7 comparative
studies

Children but no 
  relevant outcomes – 1
Cohort studies in adults – 1
Not comparative – 23

Perioperative
  prophylaxis – 5
in vitro study – 2
Not comparing locks – 2
Head to head study – 2
Antibiotic added to total
  case series – 1
Not RCTs – 4 studies

12 not comparative; 2
not comparing locks; 1
RCT of different types of
lock solution

Excluded studies
with reasons

Included studies Treatment
1 RCT; 2 before–after

Prevention
24 RCTs

18 (40) 3 studies from
related articles

4 (15)Potentially
eligible studies

EMBASE – prognosis filter
(n = 202; 16 January 2009)

MEDLINE – locks
(n = 71; 2 April 2009)

MEDLINE – removals filter
(n = 220; 3 April 2009)

MEDLINE – infusion filter
(n = 82; 22 March 2009)

MEDLINE – prognosis filter
(n = 391; 16 January 2009)
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Fourth, we carried out a search for infusion versus bolus treatment, prior to aborting this review 
(reasons given above). Because of changes in the quality of supportive care for patients with 
CVCs during the last 15 years, we restricted studies to those published after 1994. We did not 
impose any language restrictions.

Mike Millar and Ruth Gilbert scanned all the abstracts from the two broad-based searches to 
identify potentially eligible studies for any of the reviews. Mike Millar scanned all abstracts from 
all of the searches and Ruth Gilbert scanned all the searches labelled as ‘prognosis’ and those 
from CENTRAL.

Full copies of potentially eligible studies were reviewed by one author (RG, MM or WZ) and 
included and excluded studies were decided by discussion within the group. Data extraction 
was initially carried out by Weiwei Zhou and checked by Ruth Gilbert. No additional data were 
sought directly from investigators.

Systematic review of early central venous catheter removal 
compared with retention and treatment in situ

Structured summary
Context In patients with suspected CVC-associated infection, early removal of the CVC may 
reduce the risk of infection complications but at the cost of further procedures to insert a new 
CVC.

Objective To determine the effectiveness of early CVC removal compared with retention and 
treatment of CVC-associated infection on the duration of infection, complications arising from 
infection and recurrence of CVC-associated infection in children with cancer.

Data sources We searched MEDLINE, EMBASE and CENTRAL from 1995 until April 2009. 
Search terms included synonyms for CVC, infection and removal. We also included any studies 
identified in searches for other questions included in this report.

Study selection We included any comparative studies in children with cancer who had a CVC 
inserted, and compared removal with treatment in situ.

Data extraction Weiwei Zhou extracted the data, which were checked by Ruth Gilbert.

Data synthesis We could not conduct a meta-analysis as the intervention, comparator and 
outcomes were variable and presentation of results was not consistent. We found seven 
retrospective cohort studies but no RCTs. All were poor quality. Timing of CVC removal was 
confounded by the patient’s condition, with sicker patients more likely to retain their CVC and 
more likely to die.

Conclusions The increased risk of death or infection complications associated with CVC 
retention compared with early removal could be explained by retention of the CVC in the 
sickest patients. RCTs are needed to quantify any potential benefits of early versus deferred CVC 
removal.

Rationale
Standard clinical teaching and a priori reasoning indicates that CVC removal is an effective 
intervention for CVC-associated infection, as it removes the source of infection. The decision is 
difficult however. First, only a proportion of bloodstream infections are due to the CVC. Second, 
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CVC-associated infection may resolve with treatment and not require removal of the CVC. 
Nevertheless, clinical experience and studies based on case series and cohort studies suggest 
that CVC removal reduces the duration of systemic antibiotic treatment and the risk of serious 
complications of infection.41–43 The clinical dilemma is therefore when to remove the CVC, and in 
which patients. Early removal could potentially avoid prolonged efforts to treat a CVC-associated 
infection with the CVC in situ, and could avoid potentially serious complications, such as 
sepsis and end-organ damage, which can be fatal. On the other hand, CVC removal necessitates 
reinsertion, which involves operative trauma and complications of insertion, including bleeding 
or pneumothorax, and potentially reduces the availability of venous access in the longer term.5 A 
further question is whether early removal reduces the risk of recurrent CVC-associated infection. 
Recurrence is a particular concern in patients with low-grade CVC-associated infection due 
to commensal bacteria, such as coagulase-negative staphylococci. In such patients, symptoms 
may subside with systemic antibiotic treatment but may recur several weeks after cessation of 
antibiotic treatment.36

Review question
In children with cancer and suspected CVC-associated infection, does early removal of the 
CVC, compared with retention of the CVC and treatment, reduce adverse outcomes related to 
the duration of treatment for infection, infection-related complications or recurrence of CVC-
associated infection?

Inclusion criteria
We included any comparative studies published after 1994, whether randomised, other parallel 
group comparisons, or before–after comparisons. The population included any children with 
a CVC inserted for any length of time. We accepted any type of CVC and any type of removal, 
whether complete removal and replacement through a new site, or replacement over a guide wire 
using the same venous access site.44 We excluded studies in adults or in children without cancer.

Data extraction
We extracted characteristics of the study, participants, interventions and outcomes, as shown 
in Table 11. Where possible, we recorded for each study arm, the number of participants, the 
duration of infection, the number with complications (including death) and the number of 
recurrent CVC-associated infections. Because of the varied reporting of results, we were unable 
to conduct a meta-analysis.

Results
We found no randomised studies and no controlled studies that used an explicit method for 
allocating patients to CVC removal or retention. From the 38 potentially eligible studies (see 
Figure 5), we found one systematic review43 and eight retrospective cohort studies in children.45–52 
We excluded seven retrospective cohort studies in adults.41,42,53–57 We excluded one further study 
in children with cancer,52 as none of the required outcomes was reported in children with CVC 
removal and retention.

The systematic review by Nucci and Anaissie43 reported 14 cohort studies, four of which were 
in children,48,51,58,59 that compared CVC removal with retention in patients with candidaemia. 
We included only two studies48,51 that were discussed in that review43 as they involved children 
and were published after 1994. However, their review elucidates the critical source of bias 
inherent in observation studies of CVC removal: the timing of removal depends on the patient’s 
condition. Among patients with candidaemia, sicker patients were less likely to have their CVC 
removed and were more likely to die. Because of this problem, Nucci and Anaissie43 separately 
analysed seven studies,60–66 six published after 1994,60–65 that reported multivariable analyses with 
adjustment for severity of illness, but none of these included children. Most studies (5/7) reported 
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a significant reduction in mortality with CVC removal in the multivariable analyses.60,61,63–65 
Similar results were found in the seven studies48,51,58,59,67–69 (three published after 1994)48,51,69 
that did not adequately adjust for severity of illness. One subsequent study,45 of 61 children in 
Brazil, provided further evidence of this bias by showing that CVC removal was associated with 
early death, but not with later death, supporting the explanation that CVCs are least likely to be 
removed from the sickest patients. A recent commentary by Pasqualotto and Severo70 called for 
an RCT of CVC removal compared with retention in patients with candidaemia to address these 
serious biases in observational studies.71

We included seven retrospective cohort studies that reported the association between CVC 
removal and risk of death, complications or recurrent infection in children (see Table 11).45–51 
The studies involved different patient groups (four studies were confined to neonates)47–50 and 
different types of bloodstream infection (five studies were restricted to specific organisms),45,47–49,51 
making it difficult to assess consistency of results. None of the studies presented results adjusted 
for severity of illness, but three studies, one of bloodstream infection due to Enterobacteriaceae,47 
one in neonates with coagulase-negative staphylococcal bloodstream infection49 and one in 
neonates with candidaemia,48 were from the same team of investigators and reported similar 
baseline characteristics in babies according to CVC removal or retention.47–49 In the three 
studies involving bacteria, the risk of recurrent bloodstream infection was similar in the groups 
with and without CVC removal. In the group with the CVC retained, the risks of recurrent 
bloodstream infection and eventual CVC removal were strongly related to the number of days 
with positive blood cultures. These findings suggest that markers of persistent bacteraemia, such 
as daily repeated blood cultures, could provide a useful test to identify children most likely to 
benefit from CVC removal. A further study in neonates showed that persistent bacteraemia was 
associated with end-organ damage and was markedly increased in babies with CVC removal 
delayed for > 24 hours after the first positive blood culture result. The worst outcomes were 
associated with infection with S. aureus and Gram-negative organisms.50

The excluded studies in adults reported a strong association between CVC removal and a reduced 
risk of complications of infection, consistent with the review findings of Nucci and Anaissie,43 
but none of these studies took into account severity of illness. Overall, the included and excluded 
studies support the well-established clinical practice of removing the CVC in the presence of 
CVC-associated bloodstream infection. However, they also indicate that there is a significant 
minority of patients in whom CVC-associated bloodstream infection was successfully treated, 
and in whom CVC removal could be avoided.

Conclusions
The research evidence underpinning removal or retention of a CVC in patients with a CVC-
associated bloodstream infection is of poor quality and there are no RCTs. The evidence suggests 
that retention of the CVC is strongly associated with complications of infection, particularly 
for candidaemia, S. aureus and some Gram-negative organisms. The evidence for removal 
or retention is far from certain for children at low to moderate risk of serious consequences, 
particularly those with coagulase-negative staphylococcal infection. The risks of infection 
associated with CVC retention need to be balanced against the problems of venous access and 
complications associated with CVC reinsertion in children. There is an urgent need for RCTs to 
evaluate the timing of CVC removal compared with treatment in situ in patient groups for whom 
removal is recommended.13

Elsewhere in this report (see Chapters 3 and 5), we analyse bacterial DNA testing, in conjunction 
with clinical signs of CVC-related infection and blood culture, for identifying children who could 
benefit from CVC removal. However, findings from two studies in neonates, reported in this 
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review,47,49 suggest that serial tests measuring bacteraemia persistence in response to treatment, 
rather than tests solely at presentation with suspected CVC-related infection, may be more useful 
than a single test on admission for predicting which children require CVC removal.

Background to reviews of antimicrobial locks for treatment or 
prevention

Injection of lock solution to fill the CVC lumens is standard practice to maintain CVC patency 
when not in use for infusion of fluids or administration of drugs. The standard lock solution is 
heparinised saline. The amount injected is typically 1–2 ml in children (0.4 ml in neonates).72 
Antimicrobial and antiseptic agents have been added to heparinised saline and other solutions 
to prevent adherence and multiplication of bacteria in the lumen and to eradicate bacteria that 
adhere to the CVC tubing. Antibiotic lock solutions can achieve much higher levels of antibiotic 
within the CVC lumen than could be safely achieved within the bloodstream.34,73–75 The lock 
solution is left in the CVC until the next time the lumen needs to be used for fluid or drug 
administration to the patient, usually for at least 2 hours, though dwell times from 20–60 minutes 
up to several days have been reported.76 Recommended practice is to withdraw and discard the 
lock solution before using the CVC again for infusion or administration of drugs in order to 
avoid adverse effects due to excessive blood levels of antibiotics or antiseptic solution.

Advantages of antibiotic or antiseptic locks include their low cost and the simple substitution of 
a different type of lock solution. Disadvantages include selection pressure, either for antibiotic-
resistant organisms or for particular pathogens.5 A further disadvantage is the need to allow a 
minimum dwell time, when the CVC lumen cannot be accessed, which can be associated with 
adverse effects, such as hypoglycaemia in neonates.77 When used for treatment, antibiotic or 
antiseptic locks are almost always given in addition to systemic i.v. therapy. The type of antibiotic 
depends on the infecting organism and the dwell time is usually hours (e.g. 8–12 hours per 
day36) rather than days. The primary aim is to treat the current episode of infection and to reduce 
the risk of infection recurrence and complications. When used for prevention, antibiotic or 
antiseptic locks are given without other systemic treatment and the dwell time can be several days 
(e.g. between treatments or dialysis episodes). The primary aim is to reduce the risk of a CVC-
associated infection developing. In view of these differences, we have reviewed the use of locks 
for treatment and prevention separately.

Systematic review of antibiotic locks for treating central venous 
catheter-associated infection

Structured summary
Context In patients with suspected CVC-associated infection, instillation of antibiotic lock 
solution into the CVC lumen, in addition to systematic i.v. antibiotic treatment, may be more 
likely to eradicate infecting organisms, thereby reducing the need for CVC removal owing to 
treatment failure and reducing the risk of recurrent infection.

Objective To determine the effectiveness of antibiotic lock treatment compared with no lock 
treatment or placebo on recovery from CVC-associated bloodstream infection or the risk of 
recurrent infection (composite outcome termed treatment failure).

Data sources We searched MEDLINE, EMBASE and CENTRAL from 1995 until April 2009. 
Search terms included synonyms for CVC, infection and lock.
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Study selection We included any comparative studies in any patients with a suspected CVC-
associated bloodstream infection who were treated with any type of antibiotic lock solution 
compared with those not treated with antibiotic lock solution.

Data extraction Weiwei Zhou extracted the data, which were checked by Ruth Gilbert.

Data synthesis We calculated the relative risk for any measure of treatment failure, and pooled 
results using a random effects model. We found one good-quality RCT36 comparing antibiotic 
lock treatment with placebo and two historical comparative studies,78,79 one comparing antibiotic 
lock treatment with routine replacement of the CVC. The other historical comparative study did 
not describe practice before introduction of lock treatment. The pooled relative risk showed no 
evidence of a significant reduction in the risk of treatment failure (relative risk 0.70, 95% CI 0.47 
to 1.05).

Conclusions There is weak evidence for a reduced risk of treatment failure in patients undergoing 
antibiotic lock treatment compared with no lock treatment. Further RCTs are needed.

Review question
In patients with suspected CVC-associated infection, does antibiotic lock solution, compared 
with a standard heparin lock solution, reduce treatment failure?

Inclusion criteria
We included any comparative study published after 1994, including studies that were randomised, 
observational parallel group comparisons and before–after studies. We accepted any type or 
age of patient, any type of CVC and any type of antimicrobial lock solution compared with a 
non-antimicrobial solution. The outcome of treatment failure could be defined by any measure 
reflecting persistence of bloodstream infection or complications of bloodstream infection. We 
excluded studies without a comparison group.

Data extraction
We extracted characteristics of the study, participants, interventions and outcomes, as shown 
in Table 12, and the number of participants and CVCs randomised and outcomes recorded 
(Table 13). We calculated a relative risk for treatment failure based on the number of treatment 
failures reported using a denominator based on the number of CVCs with the outcome 
measured.

Results
We found four systematic reviews,73,75,80,81 one other review,34 and four comparative studies 
(see Table 12).36,78,79,82 One of these was excluded as the authors compared different types of 
antimicrobial lock solutions.82 Of the remaining three studies, only one was an RCT.36 Rijnders et 
al.36 compared vancomycin or ceftazidime and heparin lock with heparin alone, in children and 
adults with proven or suspected CVC-related bloodstream infection (see Table 12). This was a 
good-quality trial in which treatment and placebo were randomised by the hospital pharmacist 
and allocation was concealed from clinicians entering patients into the trial. In practice, the 
study population was selected to favour patients with coagulase-negative staphylococcal infection 
(29/46) or unproven CVC-related infection. A large number of potentially eligible patients were 
excluded from the trial because their physician requested removal of the CVC (e.g. all CVC-
associated bloodstream infections due to S. aureus, fungal or Gram-negative infections). These 
recruitment problems, in addition to failing to recruit the planned sample size, led to the study 
being stopped.
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The remaining two studies78,79 compared cohorts of adult patients in whom antibiotic locks 
were used with a historical cohort of patients in the same centre before antibiotics locks were 
introduced. The main weakness of these before–after comparisons is that other practices may 
have changed, apart from the use of antibiotic locks. For example, the US study by Poole et al.79 
excluded patients with enterococcal bloodstream infection in the phase when antibiotic locks 
were used, but did not specify this exclusion for the historical cohort.

Patients, interventions and outcomes differed between the three studies. In the study by Rijnders 
et al.36 patients included a mix of adults and children who required a CVC, Poole et al.79 studied 
adults undergoing haemodialysis, and Fortun et al.78 studied adults receiving chemotherapy or 
parenteral nutrition. Most patients in both intervention and control groups had CVC-associated 
bloodstream infection due to coagulase-negative staphylococci. However, all three studies had an 
imbalance between the comparison groups, with fewer patients with Gram-positive bloodstream 
infection in the control group than in the group treated with antibiotic locks.

Interventions also differed. In the study by Poole et al.,79 patients did not receive concomitant 
systemic antibiotic therapy, but patients in the control group underwent CVC exchange. Finally, 
the criteria for the outcome – treatment failure – differed, ranging from follow-up of 1 month78 to 
24 weeks.36 The baseline risk of treatment failure ranged from 34% to 57% (see Table 13). As none 
of the studies reported sufficient information to allow a pooled analysis of the time to treatment 
failure, we calculated a relative risk and pooled relative risk for treatment failure. In view of the 
differences between the studies, we used a random effects model.

The relative risk of treatment failure reported in the RCT by Rijnders et al.36 was 0.59 with a 
95% CI that included 1.0 (0.29 to 1.19; Table 13). The pooled relative risk, based on all three 
included studies, did not provide evidence of a significant benefit of antibiotic lock solution at 
the 5% level (pooled relative risk 0.70, 95% CI 0.47 to 1.05; Figure 6). The results were moderately 
heterogenous (I2-value 0, 95% CI 0 to 90).

Conclusions
There is no clear evidence that treatment of CVC-associated bloodstream infection with locks 
reduces the risks of CVC removal, recurrent infection or ongoing symptoms. Information is 
lacking on how treatment effectiveness varies according to the type of infecting organism. RCTs 
are needed in children, for whom the pressure to ‘save the line’ may lead to inclusion of patients 
with infection due to a greater diversity of pathogens than seen in studies involving adults.

Systematic review of antimicrobial locks for prevention

Structured summary
Context Antibiotic or antiseptic lock solution may reduce the risk of CVC-associated infection.

FIGURE 6 Forest plot and pooled relative risk (random effects model).

Study Risk ratio (95% CI) % weight

Rijnders 200536 0.59 (0.29 to 1.19) 32.9
Poole 200479 0.86 (0.50 to 1.48) 54.8
Fortun 200678 0.46 (0.14 to 1.45) 12.2

Overall (95% CI) 0.70 (0.47 to 1.05)

Risk ratio
0.144516 1 6.91966
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Objective To determine the effectiveness of antibiotic or antiseptic lock solution compared with 
heparin lock solution for preventing CVC-associated bloodstream infection.

Data sources We searched MEDLINE, EMBASE and CENTRAL from 1995 until April 2009. 
Search terms included synonyms for CVC, infection and lock. We searched for reviews, in order 
to identify trials, and for RCTs. We also included any studies identified in searches for other 
questions included in this report.

Study selection We included any RCTs of antibiotic or antiseptic lock solutions compared with 
non-antimicrobial solutions in any patients with a CVC, provided bloodstream infection was 
reported.

Data extraction Weiwei Zhou extracted the data, which were checked by Ruth Gilbert.

Data synthesis We included 24 trials. All were included in the meta-analysis. Under half of the 
studies (n = 10) reported adequate allocation concealment and nine were placebo controlled. 
Studies included adults and children with cancer or requiring haemodialysis or intensive care. 
The pooled incidence rate ratio was 0.46 (95% CI 0.39 to 0.53).

Conclusions Despite moderate heterogeneity (I2-value 34, 95% CI 0 to 60) and weak evidence of 
funnel plot asymmetry, all but one trial had a central estimate consistent with a beneficial effect 
of lock solution, particularly antibiotic locks, compared with heparinised saline. This strongly 
beneficial effect of antimicrobial locks appeared to be consistent across different subgroups and is 
unlikely to be explained by failure to publish negative trials.

Review question
In patients with a CVC, does an antimicrobial lock solution (antibiotic or antiseptic), compared 
with a standard heparin lock solution, reduce the risk of CVC-associated bloodstream infection?

Inclusion criteria
We included studies in which either the patient or the CVC was randomised to any type of 
antimicrobial lock solution or a standard non-antimicrobial solution (such as heparinised saline). 
Urokinase was excluded as this is not an antimicrobial solution. Studies could be conducted 
in any setting or patient group, provided the patient was not known to have a CVC-associated 
bloodstream infection at the time of randomisation. The primary outcome was bloodstream 
infection requiring systemic antibiotics. We favoured bloodstream infection, as this requires 
admission and treatment regardless of the source of infection. If this was not reported, we 
accepted CVC-associated bloodstream infection. Our search strategy sought any type of 
systematic review, overview or meta-analysis that reported an RCT of antimicrobial lock solution 
in patients with a CVC (see Search strategy, selection of studies and data extraction, above, and 
Appendix 5). We retrieved the full copy of any potentially eligible study published after 1994.

Data extraction and analysis
We extracted characteristics of the study, participants, interventions and outcomes, as shown 
in Table 12, and the number of participants and CVCs randomised, total days of follow-up 
and bloodstream infection events (Tables 14 and 15). We calculated an incidence rate ratio 
for bloodstream infection in each study and used the Mantel–Haenszel method to calculate a 
pooled incidence rate ratio. This method is appropriate for pooled analyses when event rates are 
low or zero rates occur in one arm of the trial. However, the method does not allow a random 
effects analysis. One trial101 had no events in either treatment group and was excluded from the 
meta-analysis. To generate a funnel plot using stata would have required excluding four studies 
with zero events in the intervention arm,84,88,89,92 thereby underestimating asymmetry. Instead, we 
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added 0.5 events to the intervention and control arm for these four studies, solely for the funnel 
plot and Egger test of asymmetry.

We assessed heterogeneity by calculating the Q statistics and I2-value for all studies combined. We 
also performed subgroup analyses to explore variation in the incidence rate ratio and I2-value, 
according to allocation concealment and characteristics of the population (e.g. cancer, children, 
type of CVC), intervention (antibiotic lock or not) and outcome measure (bloodstream infection 
or CVC-associated bloodstream infection). We also generated a funnel plot to explore variation 
in the incidence rate ratio according to study precision.

Results
We found 17 reviews.5,73,74,77,106–116 Two of these reviews77,106 contained 21 of 24 RCTs included 
in our review. Scrutiny of published guidelines did not yield additional studies.13,38,117,118 One 
further systematic review119 was published after the searches were complete, and contained four 
further studies.99,120–122 Only one of these, involving gentamicin (total 140 patients),99 was an RCT 
and contained data that could be used in the meta-analysis. In total, we found eight systematic 
reviews.5,77,106,108–111,115,119 We excluded a further 17 studies because they were not trials, did not 
compare antimicrobial locks or compared a single perioperative administration of lock solution 
(see Table 23, Appendix 6). We found one trial in progress using TauroLock in children with 
cancer (NCTs 00735813, 00545831, 0074916).

Of the 245 included trials, 18 compared various antibiotic lock solutions with heparinised saline 
(see Table 14).72,83–99 The remaining six studies included citrate or taurolidine.100–105,123 Most studies 
were conducted in patients undergoing haemodialysis (n = 17), but there were four studies in 
children with cancer.85–87,100 No studies compared locks in adults or children receiving parenteral 
nutrition.

Under half of the studies (n = 10) reported adequate allocation concealment, and nine of these 
were placebo controlled (see Table 14). At least five studies randomised more CVCs than there 
were patients, so that the same patient was included in the trial more than once.87,89,96,98 In other 
studies, poor reporting made it hard to assess repeated inclusion of the same patient. Similarly, 
loss to follow-up was hard to assess because of poor reporting but was ≤ 10% where numbers 
randomised and assessed for outcome were reported.84,92,96,105 The duration of follow-up ranged 
from 20 to 368 days (see Table 14). There was substantial variation in the baseline rate of 
bloodstream infection in the control group. The rate was lowest (< 1/1000 CVC days) in adults 
undergoing haemodialysis and highest (up to 21/1000 CVC days) in children in intensive care 
(Figure 7).

Despite the large number of studies and 3043 patients studied (see Table 14), this review lacked 
the power to detect CVC-associated bloodstream infection due to resistant organisms because 
of the low rate of bloodstream infection (see Table 15). Fourteen studies followed up patients 
for ≥ 3 months, three of these followed patients for > 10 months (see Table 14).83,93,96 Very large 
studies with long-term follow-up would be required to provide clear evidence to support or refute 
widespread concerns about rare but serious infections with resistant organisms due to the use of 
antimicrobial locks. However, other studies have reported selection of antibiotic-resistant strains. 
Guerraoui et al.124 reported resistant strains of S. epidermidis after prolonged use of gentamicin 
locks for prophylaxis in permanent haemodialysis catheters. Finally, in a before–after study 
comparing taurolidine with heparin saline locks in children with cancer, Simon et al.100 reported 
a reduction in CVC-associated infection with staphylococci and an increase in CVC-associated 
infection with E. coli (10/27 in the taurolodine group vs 4/31 in the control group; odds ratio for 
E. coli occurrence 3.97, 95% CI 1.12 to 13.93).
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The pooled incidence rate ratio for all 23 studies included in the meta-analysis (one excluded 
because of zero events) was 0.46 with narrow confidence limits (95% CI 0.39 to 0.53; Figure 8). 
There was moderate heterogeneity across studies (I2-value 34; see Table 15), but the chi-squared 
test for heterogeneity was not significant at the 5% level (p = 0.0579). All except one trial had a 
central estimate consistent with a beneficial effect of lock solution compared with heparinised 
saline (see Figure 8 and Table 15).

We explored sources of heterogeneity using subgroup analyses (Table 16). The pooled incidence 
rate ratio was similar in studies regardless of the quality of allocation concealment, but was lower 
in studies using antibiotic rather than antiseptic solution (see Table 16). There was moderate 
heterogeneity within subgroups according to condition and child or adult populations, and the 
pooled incidence rate ratio was closer to 1.0 in studies of children than in those of adults (see 
Table 16). Nevertheless, the effect of antimicrobial lock solution was substantial and significant at 
the 5% level for subgroups of children with cancer and for babies in intensive care (see Table 16 
and Figure 8). There was evidence that rate ratios were lower for patients with a tunnelled CVC 
than for those with other forms, and where the lock solution had been explicitly administered as 
a flush (see Table 16).

FIGURE 7 Baseline rate of bloodstream infection by age and condition.
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The funnel plot showed weak evidence of asymmetry (Figure 9). The Egger test for asymmetry 
was of equivocal significance (Egger test p = 0.073). A L’Abbé plot did not indicate a strong 
relationship between the baseline event rate and the incidence rate ratio (plot not shown).

Conclusions
This review provides strong evidence that antimicrobial locks, and particularly antibiotic locks, 
reduce the risk of bloodstream infection. Although the magnitude of effect appears to be less for 
antiseptic lock solution and for children with cancer than for adults with cancer, the effects are 
nevertheless marked and likely to be clinically important in all patient groups studied. Although 
these findings are consistent across all patient groups, there is weak evidence of funnel plot 

TABLE 16 Pooled incidence rate ratios (IRRs) for subgroups and measures of heterogeneity

n IRR (95% CI) Q-statistic

p-value 
(chi-squared 
test)

I2-value 
(95% CI)

All studies 23 0.43 (0.36 to 0.51) 33.29 0.0579 34 (0 to 60)

Allocation concealment

 Yes 10 0.43 (0.35 to 0.62) 8.48 0.4869 0 (0 to 62)

 Not stated 13 0.43 (0.32 to 0.59) 24.7 0.0163 51 (8 to 74)

Type of lock

 Antibiotic 18 0.40 (0.33 to 0.48) 24.51 0.1061 31 (0 to 61)

 Non-antibiotic 5 0.56 (0.39 to 0.79) 7.01 0.1354 43 (0 to 79)

Age group

 Adults 18 0.37 (0.30 to 0.46) 24.79 0.0994 31 (0 to 61)

 Children 5 0.59 (0.44 to 0.79) 6.24 0.1821 36 (0 to 76)

Type of lock, age group, condition

 Antibiotic_Adults_Cancer 2 0.29 (0.06 to 1.42) 0.85 0.3569

 Antibiotic_Adults_Haemodialysis 12 0.36 (0.28 to 0.45) 18.16 0.0778 39 (0 to 69)

 Antibiotic_Children_Cancer 3 0.56 (0.38 to 0.83) 4.46 0.1075 55 (0 to 87)

 Antibiotic_Children_Intensive 1 0.38 (0.14 to 0.96)

 Antiseptic_Adults_Haemodialysis 4 0.45 (0.28 to 0.71) 5.78 0.123 48 (0 to 83)

 Antiseptic_Children_Cancer 1 0.76 (0.43 to 1.33)

Type of CVC

 Tunnel-cuffeda 15 0.44 (0.36 to 0.54) 28.28 0.0131 50 (10 to 73)

 Non-tunnelled 5 0.47 (0.35 to 0.64) 0.78 0.9405 0 (0 to 79)

 Mixed 2 0.26 (0.12 to 0.54) 0.01 0.9342

Explicit lock

 Yesb 15 0.43 (0.35 to 0.52) 22.31 0.0726 37 (0 to 66)

 No 7 0.44 (0.32 to 0.61) 10.81 0.0945 44 (0 to 77)

Outcome measured

 BSIc 7 0.47 (0.36 to 0.63) 13.67 0.0335 53 (0 to 79)

 CRBSI 15 0.41 (0.33 to 0.51) 18.76 0.1742 25 (0 to 60)

BSI, bloodstream infection; CRBSI, catheter-related bloodstream infection.
a Type of CVC not stated in Kim et al.’s paper.94

b Explicit lock not stated in Zhang et al.’s paper.97

c Outcome measured not stated in Zhang et al.'s paper.97

stata (v.9.2) command metan was used for calculating Q-statistic, degrees of freedom and p-value of chi-squared test. stata command heterogi 
was used for obtaining I2-value by specifying Q-statistic and degrees of freedom from metan’s results.



50 Systematic reviews of interventions

asymmetry, which could be explained by failure to publish negative trials. Such publication bias 
would reduce the magnitude of effect but, unless very large negative trials remain unpublished, 
would be unlikely to reverse the evidence of benefit.

Survey of practice

Evidence for the effectiveness of antimicrobial lock solution for preventing CVC-associated 
bloodstream infection has now been summarised in nine systematic reviews (including our 
own).5,77,106–111 These reviews consistently report a reduced rate of CVC-associated infection in 
patients given antimicrobial lock prophylaxis compared with heparin lock solution. According to 
our review (based on 24 RCTs), the rate of infection was halved in patients given antimicrobial 
lock prophylaxis. The evidence that antibiotic solutions are effective for treating CVC-associated 
infection is much weaker. There have been five systematic reviews including our own,73,75,80,112 but 
only one RCT36 and two before–after studies.78,79 Our systematic review found no clear evidence 
for the effectiveness of antibiotic lock treatment for CVC-associated bloodstream infection.

These findings from systematic reviews contrast with recommendations for practice in 
national and international guidelines. Most recently, the Infectious Disease Society of America 
recommended using lock treatment rather than CVC removal for CVC-associated bloodstream 
infection due to pathogens other than S. aureus, P. aeruginosa, Bacillus spp., Micrococcus 
spp., propionibacteria, fungi or mycobacteria in patients with long-term CVCs.13 Despite the 
acknowledged weak evidence base, antibiotic lock treatment has been recommended for nearly 
a decade in patients with CVC-associated infection.116 In contrast, national guidelines in the UK 
and USA, and international guidelines for specific disease groups, recommend against routine 
use of antimicrobial locks to prevent infection except for patients with recurrent CVC-associated 
bloodstream infection.38,125–127 Reasons against using antimicrobial locks for preventing infection 
include the theoretical risk of antibiotic resistance and the potential for systemic toxicity from 
leakage of the lock solution into the bloodstream.76 Some guidelines state that antimicrobial lock 
works only for preventing CVC-associated infection in neutropenic patients,125,126 a perception 

FIGURE 9 Funnel plot for studies of antimicrobial lock prophylaxis compared with standard heparin solution for 
preventing CVC-associated infection. For five studies with at least one arm with zero events, we added 0.5 to each arm.
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disproved by the consistent finding of benefit in patients receiving haemodialysis in our review. 
Views may be beginning to change, however. The British Society for Haematology guidelines do 
not explicitly recommend use of antimicrobial locks for prevention or treatment, but mention 
both applications,128 and the most recent guidelines from the USA advocate antimicrobial lock 
prophylaxis for patients with limited venous access.13,76

The disparity in the literature between evidence for effectiveness of antimicrobial locks and 
recommended practice was mirrored in our discussions with paediatric oncologists. We therefore 
undertook a national survey of paediatric oncology centres to determine the extent to which 
antimicrobial locks were used for prevention or treatment of CVC-associated bloodstream 
infection, any experiences of adverse effects, and what were the perceived disadvantages that 
discouraged their use. In centres that reported using locks, we sent a questionnaire to the hospital 
pharmacist requesting details of the formulation of lock solutions used.

Methods
We developed a questionnaire in collaboration with the clinical experts involved in the CCLG 
Supportive Care Group. The questionnaire included a brief letter summarising the available 
evidence on the effectiveness of antimicrobial locks for prevention and treatment of CVC-
associated bloodstream infection (see Appendix 7). We asked about current use of antimicrobial 
locks for prevention or treatment, adverse effects, factors that might discourage their use, and the 
proportion of children for whom locks could be used in their centre. We sent the questionnaire to 
the CCLG co-ordinating clinician at each of the 21 CCLG centres in the UK in July 2009.

Results
Questionnaire responses were received from 18 (86%) of the 21 UK centres (Aberdeen, Belfast, 
Birmingham, Bristol, Cambridge, Cardiff, Dublin, Glasgow, Great Ormond Street, Leeds, 
Leicester, Liverpool, Manchester, Newcastle upon Tyne, Nottingham, Oxford, Southampton and 
University College London). The responses are shown in Table 17. Of those who replied 12 (67%) 
used locks for treatment and only four (22%) used locks for prevention (14 used antibiotic locks 
for prevention or treatment).

Responses from CCLG clinicians
A substantial proportion raised concerns about the use of antimicrobial locks particularly for 
the prevention of CVC-associated infection (see Table 17 and Appendix 7). Thirteen (72%) of 
the 18 centres expressed doubts about the efficacy of locks for prevention (despite the evidence 
summarised in the letter accompanying the questionnaire) and 10 (56%) centres expressed 
concerns about the potential for antimicrobial locks used for prevention to select for antibiotic-
resistant microbes. Estimates of the proportions of children for whom antimicrobial locks would 
be feasible ranged from 0% to 100% for prevention and for treatment.

Survey of formulation of locks for treatment

An issue that became apparent following informal discussion with local pharmacists is the 
paucity of commercially available antibiotic lock solutions. In the UK, commercially available 
antimicrobial locks are limited to TauroLock (taurolidine citrate; Kimal, TauroPharm GmbH, 
Waldbuttelbrunn, Germany) and Citra-Lock (trisodium citrate; Dirinco, Eindhoven, Holland), 
which are used only for prevention. There are no commercially available antibiotic lock solutions 
for prevention or treatment so that, in practice, using antimicrobial locks requires either the use 
of a commercially available product or considerable support from local hospital pharmacies. 
For example, the provision of antimicrobial lock solution for prevention would require the 
manufacture of > 200 ampoules/pre-packed syringes of lock solution per child per year with a 
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CVC or port. For a centre with 100 children undergoing active treatment for cancer this would be 
a significant undertaking (even for a large hospital pharmacy).

An additional problem is the limited data on stability of antibiotic solutions, particularly 
if stored in pre-filled plastic syringes. These uncertainties are further compounded when 
antibiotic solutions are prepared and stored in the presence of heparin, which interacts with 
some antibiotics. One option is not to use heparin and use saline instead, and some CVC 
manufacturers specify the use of heparin flushes or locks and some do not. However, a recent 
RCT with 203 children undergoing treatment for cancer randomised to either heparin or 
saline flush solutions showed a significantly higher rate of complications (CVC occlusion or 
bacteraemia) in the children in whom saline was used (as opposed to heparin),129 although there 
was no difference in the retention of CVCs between the two groups.

Concerns with respect to stability, the potential for interactions with heparin, plastics and 
combinations of antimicrobials, and the lack of standardisation or accepted best practice 
guidelines for the use of antimicrobial locks are reflected in recent literature.130 In the small 
number of limited studies that have reported antimicrobial stability and activity in candidate lock 
solutions there is considerable variation in the concentrations, conditions and methodologies 
used.131–136

In summary, uncertainties remain concerning:

 ■ selection of antibiotic according to microbial aetiology
 ■ interactions between antibiotics and other drugs, including heparin, and with plastics
 ■ shelf life of pre-prepared solutions
 ■ requirement for heparin
 ■ antibiotic concentration
 ■ optimum diluent
 ■ frequency of use of locks, and dwell times.

In the light of discussions with local hospital pharmacists, we asked the 14 clinicians who had 
replied to the initial questionnaire and who reported the use of antimicrobial locks for prevention 

TABLE 18 Formulation of lock solutions prepared by seven hospital pharmacies serving children with cancera

Antimicrobial Concentrations used Diluent

Vancomycin 2, 5 or 10 mg/ml 0.9% sodium chloride

2 mg/ml 0.9% sodium chloride + heparin 90 U/ml in final volume

Gentamicin 2 or 10 mg/ml 0.9% sodium chloride

10 mg/ml Vial solution + heparin 90 U/ml in final volume

1 mg/ml Water for injection

Amikacin 2 or 5 mg/ml Water for injection

Amphotericin 1 mg/ml Water for injection

Ciprofloxacin 2 mg/ml Water for injection

Piperacillin and tazobactam 90 mg/ml

Teicoplanin 67–133 mg/ml Water for injection + heparin 90 U/ml in final volume

67–133 mg/ml Diluent provided by manufacturer + 0.9% sodium chloride to make up CVC volume

Alcohol 75% ethanol water

a These solutions are used for treatment, and in some cases for prolonged treatment which merges into prophylaxis. We found no centres 
systematically using antimicrobial locks for prevention in groups of children; they were used only for prevention in certain individuals, for 
example those considered at high risk of recurrent infection.
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or treatment for details of the formulation of lock solutions used. To respond, clinicians usually 
referred to the hospital pharmacists for further details. We received replies from seven centres 
(Table 18).

The information from the seven centres that replied showed four different vancomycin 
preparations and four different gentamicin preparations. Teicoplanin was used instead of 
vancomycin in two centres (two different preparations) and amikacin was used as an alternative 
to gentamicin in two centres (two different preparations).

Discussion

Antimicrobial locks are used by two-thirds of the paediatric oncology units in the UK for treating 
suspected CVC-associated bloodstream infection, but by only one-fifth of units reported using 
locks for prevention. In practice, the description of prevention reflects prolonged use in patients 
who had been treated with antibiotic locks and does not represent prophylactic use in patients 
without an infection. These patterns of use contrast strongly with the available evidence. Despite 
this lack of evidence, clinicians are under enormous pressure to use any means that might save a 
‘precious’ line and avoid the trauma of removal and CVC reinsertion. Yet interventions that delay 
removal of the line can increase the risk of serious complications or death owing to CVC-related 
infection. There is an urgent need for an RCT of lock treatment compared with standard therapy 
to guide practice. There is also a need to develop strategies to allow sufficient lock dwell time but 
minimise competition for access to CVC lumens for infusion of fluids and drug administration.

Clinicians’ reluctance to substitute antimicrobial locks for the current heparin locks in order to 
prevent CVC-associated infection, despite strong evidence of effectiveness, partly reflects the 
practical difficulties of accessing ready-mixed lock solution. Although seven units expressed 
concerns about costs, in practice these are small compared with the costs of admission for 
CVC-associated infection. Further short-term efficacy studies of antibiotic locks for prevention 
are not required, but there is a need to ensure ready access to lock solution for prevention and 
to minimise the potential for drug errors. There may still be a need for longer-term studies that 
focus on the potential for use of antimicrobial locks to select for antimicrobial-resistant microbes 
and the clinical consequences of selection of antimicrobial resistance. The evidence for efficacy 
of antimicrobial locks is strongest for antibiotic locks that are not commercially available in 
pre-filled syringes (e.g. gentamicin 10 mg/ml is available in a glass vial). The use of antimicrobial 
locks for prevention would require that antimicrobials for which there are efficacy data be made 
available in pre-filled syringes.
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Chapter 5  

Clinical effectiveness of strategies 
combining test results with 
interventions

Rationale

The multivariable analyses indicated that the addition of bacterial DNA results did not improve 
the prediction of these outcomes, over and above the information provided by clinical signs 
and blood culture results (see Chapter 3). However, these analyses did not take into account 
the potential value of the earlier timing offered by DNA testing. Blood culture results are 
usually available 48 hours after sampling, whereas bacterial DNA results can be available within 
2 hours, and, in combination with clinical signs on admission, could lead to early intervention. 
For example, early CVC removal in patients with a high DNA level and clinical signs of CVC 
infection, or early stopping of i.v. antibiotics in patients with negative results, could potentially 
avoid unnecessary days of admission for i.v. treatment, although the disadvantages could include 
unnecessary CVC removal or worsening of infection after stopping treatment.

The best way to assess the potential consequences of different test–treatment strategies is to 
undertake a cost-effectiveness analysis in which the various outcome states are measured in 
terms of quality-adjusted life-years (QALYs) and the entire health-care costs associated with each 
test–treatment strategy and its consequences are calculated. The cost/QALY gained from moving 
from one strategy to a more effective one can then be calculated and compared with costs that the 
health-care system is usually willing to pay (around £30,000/QALY).

We did not consider these complex analyses to be justified, given the quality of the available data. 
First, data on prognosis were limited in terms of sample size and duration of follow-up. Second, 
we lacked robust data from the systematic reviews on treatment effectiveness for removal of the 
CVC, antibiotic locks for treatment and early stopping of treatment.

Instead, we present simple balance sheet tabulations to illustrate the potential consequences of 
alternative treatment strategies for different clinical subgroups. The purpose is to show which 
strategies yield the greatest potential gains in order to guide further research. These illustrative 
analyses are based on optimistic assumptions about the effectiveness of different interventions, 
and take no account of the uncertainty in the parameters, which is particularly problematic 
given the number of zero cells (see Tables 19 and 20). The data used in the analyses are shown 
for outcome at 28 days in Table 19 and for outcomes at 6 months in Table 25 in Appendix 9. Our 
inferences are based on outcomes at 28 days because of potential selection biases and the scarcity 
of data in the 6-month follow-up.
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Methods

Clinical subgroups
First, we devised clinical subgroups of patients based on combinations of the three tests on 
admission that are used by clinicians to predict CVC-associated infection and its sequelae:

 ■ Clinical signs of FRC [defined as FRC-positive (+) if any sign present, and FRC-negative (–) 
if not].

 ■ Bacterial DNA level (three levels, negative ≤ 0.125 pg/µl; intermediate > 1.25 to 0.5 pg/µl; and 
high > 0.5 pg/µl, referred to as positive in Tables 19 and 20).

 ■ Blood culture [positive for bacterial species (pathogens) for which prompt CVC removal 
is recommended, other or skin bacteria such as coagulase-negative staphylococci, other 

TABLE 20 Clinical balance sheet: outcomes for cohort given different treatment strategies versus standard care 
(follow-up to 28 days)

Strategy 

Total number of events Difference compared with standard care

Recurrence
CVCs 
removed

Unnecessary 
removal i.v. days Recurrence

CVCs 
removed

Unnecessary 
removal i.v. days

Balance sheet for 179 patients

Standard 34 10 0 1190

DNA + FRC: early 
removal 

34 13 3 1121 0 3 3 –69

DNA + FRC early stop 34 10 0 453 0 0 0 –737

BC + FRC remove @ 
48 hours

34 10 0 1190 0 0 0 0

BC + FRC stop @ 
48 hours

34 10 0 516 0 0 0 –674

BC + FRC + DNA 
remove @ 48 hours

34 10 0 1190 0 0 0 0

BC + FRC+DNA stop 
@ 48 hours

34 10 0 569 0 0 0 –621

i.v. treatment of any 
FRC/DNA/BC+

31.9 7.6 0 1054 –2 –2 0 –136

Balance sheet for 1000 patients

Standard 190 56 0 6648 0 0 0 0

DNA + FRC: early 
removal 

190 73 17 6263 0 17 17 –385

DNA + FRC early stop 190 56 0 2531 0 0 0 –4117

BC + FRC remove @ 
48 hours

190 56 0 6648 0 0 0 0

BC + FRC stop @ 
48 hours

190 56 0 2883 0 0 0 –3765

BC + FRC + DNA 
remove @ 48 hours

190 56 0 6648 0 0 0 0

BC + FRC+DNA stop 
@ 48 hours

190 56 0 3179 0 0 0 –3469

i.v. treatment of any 
FRC/DNA/BC+

178 42 0 5891 –12 –13 0 –758

BC, blood culture; DNA, bacterial DNA results.
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(including Enterobacteriaceae), or negative culture]. We grouped skin bacteria and other 
bacteria because of small numbers of patients (see Table 6 for further details).

Treatment options
Second, we specified three alternative treatment options (to standard care):

1.  Removal of the CVC for suspected CVC-associated bloodstream infection This could be done 
early, on the day of admission after the results of the clinical assessment and DNA test. 
Alternatively, the CVC could be removed on day 3 of admission, when the blood culture 
result would be available 48 hours after admission. We assumed that CVC removal for 
infection would be followed by 5 days of i.v. antibiotics. As the systematic review of the 
effectiveness of CVC removal did not provide a quantitative measure of the effectiveness of 
this manoeuvre, we assumed that removal would be 100% effective at stopping any recurrent 
infection requiring i.v. treatment during the follow-up period. The results therefore provide 
the most optimistic assessment of the outcomes of this option.

2.  Early stopping of i.v. treatment for children at very low risk of bloodstream infection Treatment 
could be stopped early on the day of admission or on day 3, when the blood culture results 
were available. As we found no relevant studies to include in a review of this intervention 
option, we assumed that stopping treatment would have no adverse effects in terms of 
additional recurrences of infection requiring i.v. treatment. This option therefore illustrates 
the maximum potential benefit from early stopping of treatment.

3.  Lock treatment Our systematic review and meta-analysis showed no evidence of a 
statistically significant benefit of lock treatment on treatment failure, defined by CVC 
removal or recurrent infection (pooled relative risk 0.70, 95% CI 0.47 to 1.05). However, to 
illustrate the potential benefits of lock treatment, we assumed a 30% reduction in the risk of 
CVC removal and recurrent i.v. treatment episode.

4.  Standard care We considered that the data set derived from the prognostic analyses (see 
Chapter 3) reflected outcomes given standard care without early CVC removal or early 
stopping of treatment for any patient group. This assumption was based on discussions with 
clinicians in the CCLG and on the results for timing of CVC removal and duration of initial 
i.v. treatment. The prognostic data set also reflects outcomes in the absence of any routine 
targeted treatment for CVC-associated bloodstream infection. We base this assumption on 
responses to questions about slow infusion of antibiotics or whether antibiotics were locked 
into all lumens of the CVC (see Table 5). There was no evidence that this practice related to 
specific clinical groups.

Treatment strategies
Third, we generated treatment strategies by specifying which treatments would be used for 
specific clinical groups. This judgement was based on discussions with clinicians in the CCLG.

Results

The distribution of outcomes according to clinical subgroup is shown in Table 19 for the cohort 
followed up to 28 days. The outcomes for the whole cohort, given different treatment strategies, 
and differences compared with standard care are summarised in the clinical balance sheet in 
Table 20. Tables for the 6-month follow-up are shown in Appendix 11.

The differences in outcomes between the test–treatment strategies and standard care show that 
the largest potential gains are associated with early stopping of i.v. treatment in low-risk children 
(see Table 20). These analyses are only illustrative and cannot distinguish between strategies 
when the differences are small. For example, we have no measure of the uncertainty around 
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the 352 days per 1000 children admitted (see Table 20) saved by stopping after a negative DNA 
test compared with 2 days later after a negative blood culture result, and cannot therefore infer 
whether these savings would justify the additional cost of DNA testing for all admitted children. 
The strategy of lock treatment for any child with a positive test would result in a moderate 
reduction in i.v. treatment days. The benefits would vary only marginally with or without the 
inclusion of DNA testing.

Least benefits are to be gained from strategies involving early removal of the CVC, in terms of i.v. 
treatment days saved. These estimates are limited by a low event rate for recurrent i.v. treatment 
and CVC removal in high-risk children, and do not take into account the very high values placed 
by parents, children and clinicians on avoiding complications of CVC infection. There is some 
evidence that early CVC removal on day 1 would save more i.v. treatment days than removal on 
day 3, but at a cost of unnecessary CVC removal. Clinicians and patients would need to decide 
whether benefits in the order of 23 additional i.v. treatment days saved per additional CVC 
removed unnecessarily (385/17) would be an acceptable trade-off.

Conclusions

These crude analyses suggest that the largest reduction in adverse outcomes would result from a 
strategy of early discharge (≤ 48 hours post admission) for low-risk children. Moderate potential 
benefits would result from antibiotic lock treatment for all children with a positive test result, 
and least benefit would be derived from a strategy of early CVC removal. Bacterial DNA testing 
would add marginal benefits to these strategies that might not justify the costs of testing. These 
analyses are based on sparse data and on assumptions of treatment effectiveness that need to be 
evaluated in RCTs.
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Chapter 6  

Discussion

Main findings

The diagnostic accuracy study (see Chapter 2) showed that bacterial DNA testing had 
limited accuracy for predicting CVC-associated bloodstream infection. Raised DNA values 
(> 0.125 pg/µl) detected two-thirds (66%) of probable CVC-associated infections but were not 
specific (88%). These results are comparable with other diagnostic tests for CVC-associated 
infection.15

In the prognostic analyses (see Chapter 3), we found that high bacterial DNA was associated 
with CVC removal and with an increased duration of i.v. antibiotic treatment (i.v. days). 
However, DNA levels did not improve the prediction of these outcomes over and above other 
characteristics that would be available to clinicians, such as clinical signs of CVC-associated 
infection and blood culture results. However, DNA was predictive of CVC removal and duration 
of i.v. treatment, in combination with clinical signs, when we assumed that blood culture results 
were not yet available. These findings suggest that DNA testing should not be added to the 
baseline test work-up for children with cancer who are admitted with suspected infection.

To determine which treatments would be most effective for children at different levels of risk of 
CVC-associated infection, we undertook a series of systematic reviews (see Chapter 5):

 ■ We found no trials that evaluated early removal of the CVC compared with treating infection 
with the CVC in situ. Findings from observational studies that compared removal with 
retention and treatment were confounded by deferred removal in the sickest patients.

 ■ We found only one trial and two before–after studies, which provided no clear evidence that 
antibiotic lock treatment reduced the risk of recurrent infection or CVC removal. However, 
we could not exclude a small to moderate benefit.

 ■ We found 24 trials published since 1994 on prophylactic use of antibiotic or antiseptic locks. 
Overall, antimicrobial locks halved the risk of bloodstream infection in a variety of patient 
groups, and we found weak evidence to suggest that antibiotic locks were more effective 
than antiseptic locks. Contrary to the available evidence, our national survey of paediatric 
oncology centres found that locks are being used for treatment rather than prevention 
and that problems related to formulation of lock solutions currently impede a shift to 
prophylactic use in children.

 ■ We found no relevant studies for slow infusion compared with bolus administration of 
antibiotics. However, we found one systematic review of 17 RCTs that compared continuous 
infusion with intermittent administration of antibiotics.40 Clinical failure was lower, albeit 
with equivocal statistical significance, in patients randomised to continuous infusion,40 and 
the length of time with drug concentration above the minimum inhibitory concentration was 
higher with continuous infusion.137

 ■ We found no studies that compared early stopping of antibiotics with a standard duration of 
i.v. therapy of at least 5 days in children with cancer.

In the clinical effectiveness analysis (see Chapter 5), we made optimistic assumptions about the 
effectiveness of interventions to illustrate where the greatest potential benefits (measured by 
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i.v. treatment days avoided) might be gained from changes to standard care. Most i.v. treatment 
days would be saved by early stopping of treatment for children at low risk of infection who 
had no positive baseline tests for CVC-associated bloodstream infection. We assumed that 
stopping treatment had no adverse effects. Further i.v. treatment days could be saved by using 
lock treatment for children with any positive result at baseline, assuming a 30% reduction in i.v. 
treatment days associated with recurrent infection. Relatively few i.v. treatment days would be 
saved by early removal of the CVC, and this could incur a penalty of unnecessary removal of 
the CVC. The analyses did not take into account the uncertainty in any of the estimates used, 
and were not designed to distinguish between the marginal benefits of different test–treatment 
strategies. There have been few studies of the economic and other costs of the various CVC-
associated infection management strategies. A formal economic analysis would be required to 
quantify the relative effectiveness of alternative test–treatment strategies, taking into account 
the uncertainty of the parameter estimates and the severity of the various outcomes (see 
Recommendations for research).

Study limitations

The accuracy study was limited primarily by the lack of an adequate reference standard. We used 
criteria for a CVC-associated bloodstream infection that combined blood culture results with 
clinical signs of CVC-associated infection and response to treatment, based on the judgement of 
the clinician. These judgements may have been strongly influenced by the blood culture result, 
which could have biased results in favour of underestimating the accuracy of bacterial DNA 
testing. In addition, the type of treatment and treatment response were poorly documented. 
This may have led to overinclusion of patients in the probable and possible categories of CVC-
associated infection, thereby underestimating the sensitivity of DNA testing.

A second problem arose because the reference standard was not related to the type of treatment 
required. We endeavoured to address this issue in the clinical effectiveness analysis (see 
Chapter 5), by using clinical opinion to determine which treatments would be offered to patients 
with different combinations of clinical signs and test results. A third issue is that 79 patients were 
counted more than once (there were 260 admissions and CVCs for 181 children). Such clustering 
of patients would mean that the reported CIs overestimate the certainty of the estimates of 
sensitivity and specificity. Accuracy also changed slightly owing to clustering of patients with 
repeated admissions when we restricted analyses to the first admission only. Strengths of the 
study were the clearly defined and clinically relevant criteria for inclusion of patients in the study 
and prospective collection of data on clinical signs, blood culture, bacterial DNA and clinician 
opinion, in all patients.

The prognostic study provided information on the risks of outcomes related to CVC-associated 
infection, such as recurrent bloodstream infection requiring i.v. antibiotics and CVC removal, 
according to clinical signs and test results at admission. These analyses allowed us to determine 
the effectiveness of bacterial DNA testing over and above other test results that would be available 
to the clinician. However, there were several limitations. First, when we restricted analyses to 
one infection event per child, there were few outcome events (e.g. only 10 children had their 
CVC removed in the 28 days after admission with fever). Using the outcome total i.v. treatment 
days improved the power to detect an effect. We sought further follow-up data to 6 months post 
admission, but these data were complete for only 99 of the 181 children in the cohort. Second, 
the clinically important outcomes, CVC removal and i.v. treatment days, were affected by local 
practice and are partly conditional on the clinical signs and blood culture results at admission. 
More objective measures of signs and symptoms reflecting resolution and recurrence of infection 
would be ideal, but are complex to record and analyse. Parents contributing to the CCLG have 
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highlighted the need for research into repeated measures of patient-reported quality of life in 
order to capture subtle morbidity associated with persistent CVC infection and its management.

A third limitation was that treatments given in response to baseline characteristics altered 
prognostic outcomes. We assumed that the cohort represented ‘standard care’, as no centres 
routinely used targeted treatment for CVC infection, and only 24 of 260 infection episodes had 
any record of such a targeted intervention (see Table 2, Chapter 2). However, we did not attempt 
to analyse details of the type, intensity and changes in treatment that would have been given 
to patients who failed to respond to the initial treatment. As a result, the prognostic analyses 
probably underestimate the discrimination of baseline characteristics for patients who could 
benefit from interventions for CVC-associated infection. This bias increases with length of 
follow-up (from 28 days to 6 months). Fourth, our focus was on baseline test characteristics that 
can be used to inform early decisions about treatment. In practice, clinicians also use repeated 
observations to determine changes in signs, symptoms or test results, in response to treatment. 
These may be more accurate than baseline characteristics, especially for patients at high risk of 
complications who may benefit from CVC removal. Repeated measures were not recorded in 
our data and are more complex to analyse. Despite these limitations, these prognostic analyses 
provide useful information on outcomes in a setting where targeted interventions for CVC-
associated infection were rarely used.

A fifth limitation of this study was the requirement to limit blood sampling and additional 
manipulations in this vulnerable population. A larger blood volume could potentially give 
improved test sensitivity (through extraction of bacterial DNA from a larger volume of blood). 
A series of blood samples from each CVC lumen would have allowed us to investigate the 
hypothesis that microbial colonisation is not homogenous along the intra luminal pathway.

The main limitation of the series of systematic reviews was the poor quality of included 
studies and lack of RCTs. An exception was the review of antimicrobial locks for preventing 
CVC-associated infection, which included 24 RCTs. Using the incidence rate ratio as the effect 
measure, we were unable to use standard metaregression techniques to explore sources of 
heterogeneity between these trials, but instead presented results for subgroups. A key question for 
future studies is to quantify the effectiveness of antibiotic compared with antiseptic lock solution 
for preventing CVC-associated infection.

Implications for practice

The bacterial DNA test reported in this study is recommended for diagnosing CVC-associated 
infection by the most recent guidelines from the Infectious Disease Society of America.13 This 
recommendation is based on a small accuracy study of patients receiving total parenteral 
nutrition.28 Our findings do not support routine use of DNA testing in children with cancer 
who are admitted from the community. However, we recommend that repeated DNA testing 
be evaluated (as a marker of microbial load and response to treatment) to identify children 
who might benefit from CVC removal. This approach is analogous to the use of viral load 
to assist in the assessment of treatment efficacy in patients with cytomegalovirus or human 
immunodeficiency virus (HIV) infection.

We found strong evidence to support prophylactic use of locks for prevention of CVC-
associated infection in children with cancer, and weak evidence to suggest that antibiotic locks 
are more effective than antiseptic locks. We found no RCTs that evaluated the effectiveness of 
ethanol locks. Further research is urgently needed to address issues related to formulation and 
administration of antibiotic locks to facilitate implementation.
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As reported by others, our study highlighted variation in the management of children with cancer 
and fever who are admitted from home.29 In view of the lack of evidence to support the treatment 
options considered in this study, there is no evidence to recommend approaches to management 
other than the use of antibiotic locks for prophylaxis.

Recommendations for research

We list the research priorities in order of the number of patients likely to benefit from changes in 
practice:

1. The option of stopping i.v. treatment early compared with the standard duration of i.v. 
treatment (5–7 days) requires evaluation for children at low risk of systemic infection, 
for example those with no signs or test results indicative of CVC-associated infection 
(approximately 77% of children with cancer and a CVC who are admitted with fever; see 
Table 20, Chapter 5). Bacterial DNA testing would only marginally improve the identification 
of this low-risk group and may not justify the costs of testing. Further work is required to 
define the comparator arms. For example, should ‘early stopping’ mean no i.v. treatment at 
all and no admission, or discharge after 48 hours of i.v. antibiotics once blood culture results 
are known? What additional monitoring should be included for the early discharge arm to 
ensure readmission if symptoms persist? Similarly, what type, dosage and duration of i.v. 
treatment should define the standard treatment arm, before and after blood culture results 
are known? The fever and neutropenia study group of the CCLG is currently seeking funding 
to evaluate strategies for early discharge.138

2. We have concluded that there is strong evidence in favour of the use of antibiotic locks for 
the prevention of CVC-associated bloodstream infection. On the other hand, the systematic 
review found relatively few studies in children with cancer (four studies).85–87,100 None of the 
trials involved children undergoing care in a UK cancer centre. A large proportion of the 
trials of use of antimicrobial locks for prevention have involved renal patients:

i. There are significant differences in treatment and preventive practices both between 
specialty groups and across national boundaries, so it can be argued that a UK trial of the 
use of antimicrobial locks is still required to provide evidence relevant to UK paediatric 
oncology practice. This type of trial should include a cost-effectiveness analysis. It should 
also include methods that would detect the emergence of antibiotic resistance and drug 
toxicities associated with long-term exposure to antimicrobial lock solutions.

ii. In addition, laboratory studies are required to determine the optimal formulation (e.g. 
concentration and diluent) of lock solutions for home use and storage conditions.

iii. When locks are expected to be used for longer than 18 months, for example in patients 
with total parenteral nutrition, surveillance studies are needed to evaluate the emergence 
of antimicrobial resistance.

iv. There is a need for head-to-head clinical trials to determine the optimum type of 
antibiotic, lock dwell time and frequency of administration. Important potential adverse 
effects include the impact of antibiotic lock prophylaxis on organism selection and 
resistance and on antibiotic use for treating symptomatic infections.

3. Antibiotic lock treatment should be evaluated for children with cancer who are admitted 
with one or more positive signs of CVC-associated infection (e.g. FRC, positive blood 
culture, or, if available, raised levels of bacterial DNA). Our analyses (see Chapter 6) 
suggest that this group comprises 23% of children admitted with fever and suspected 
CVC-associated infection. A placebo-controlled randomised trial is required to determine 
the effectiveness and cost-effectiveness of early i.v. antibiotic lock therapy compared with 
deferred antibiotic lock treatment in children with cancer. Follow-up should be continued 
for at least 3 months to detect late recurrence of bloodstream infection.36,139 The study should 
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determine the effect of lock treatment on clinical outcome measures reflecting signs and 
symptoms of persisting or recurrent infection and on patient-reported measures of quality 
of life. Reliance on microbiological outcomes (i.e. blood culture), or CVC removal, which is 
strongly influenced by blood culture results, may not adequately distinguish the effect of lock 
treatment on morbidity.

4. Prior to a trial of locks for treatment, preliminary research is required to define the type of 
antibiotics and the appropriate formulation, according to blood culture results. There is also 
a need to determine how long the lock solution should dwell in the CVC before the lumen 
is aspirated and used for other treatments. Currently dwell time is very variable. The recent 
Infectious Diseases Society of America guidelines recommend that antibiotic locks be left in 
each of the venous access device lumens for a minimum of 1 hour in any 24-hour period and 
a maximum of 24 hours.13

5. There is controversy about the benefits of early CVC removal compared with in situ 
treatment of CVC infection in children with proven and persistent CVC-associated 
bloodstream infection. Paediatric oncologists in the CCLG reference group reported that 
CVC removal is not routine for any children with CVC-associated infection. On the other 
hand, recent international guidelines recommend CVC removal if CVC-associated infection 
is due to S. aureus, P. aeruginosa, fungi or mycobacteria.13 An observational study by Raad 
et al.139 showed that, in adults with cancer and CVC-associated infection due to coagulase-
negative staphylococci, the rate of recurrent infection was 6.6 times higher with continued 
treatment with the CVC in situ than with CVC removal. Further uncertainties remain 
with respect to a number of other CVC-associated infections (both Gram-positive and 
-negative).42,47,53,140 An RCT is needed to compare early CVC removal with treatment in situ 
of specific CVC-associated bloodstream infections, but should be confined to children with 
repeatedly positive tests for CVC-associated bloodstream infection. A diagnostic accuracy 
study could be integrated into this trial to determine whether repeated DNA testing improves 
the prediction of children likely to benefit from early CVC removal. This trial would involve 
around 5% of children admitted to hospital with cancer and fever (estimate based on 10/179 
patients requiring CVC removal within 28 days), but would also be suitable for a much larger 
number of hospitalised children with suspected CVC infection. An additional element to 
a prospective study could be to compare bacterial DNA results in febrile and non-febrile 
children. This might allow determination of the natural history of DNA levels in children 
with and without CVC-associated infection. However, this type of study would raise ethical 
issues about sampling in children without a clinical indication.

6. We do not recommend an RCT involving DNA testing as a single test on admission for 
children with cancer admitted from the community with fever. DNA testing may add more 
information for inpatients on i.v. antibiotics, in whom blood cultures are unreliable. In 
addition, DNA testing is a developing area, and it is likely that test performance will improve. 
There is also a need for further evaluation of sampling strategies, for example to determine 
the optimal blood volume required and whether the discard sample can be used.

7. Variation in practice between centres could be defined more clearly, systematised, and 
then examined in observational studies to provide information on the effectiveness of 
alternative practices.29,138 Specification of management protocols, and linkage of routine data 
on individual patient admissions and blood culture results over time are now feasible and 
should be considered as a potentially efficient approach to evaluating the impact of variation 
in practice.
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80 Appendix 1

Synopsis

A complete copy is available from the CCLG website (www.cclg.org.uk) or from the principal 
investigator, Mike Millar.

The diagnosis or exclusion of a central venous catheter (CVC)-associated infection may carry 
considerable importance in the management of a child with cancer or leukaemia but is frequently 
difficult. Improvement in diagnostic techniques may allow genuine CVC-associated infections to 
be treated earlier and more effectively, and may reduce the rate of unnecessary CVC removal in 
patients who do not have CVC-associated infection.

There are two parts to this study and it is expected to run for a total of 3 years and 6 months. 
Patients will be recruited and informed consent obtained separately for each part of the study.

The aim of Part One is to determine the optimum threshold values for a molecular test for the 
diagnosis or exclusion of CVC-associated infection in children and adolescents (0–18 years 
inclusive) undergoing treatment at a collaborating UKCCSG centre. Part One simply requires 
observation of all febrile episodes in recruited patients, with blood samples being taken on 
one occasion at the time of fever from all CVC lumens for the quantitative 16S rDNA test 
method (1 ml EDTA anticoagulated) as well as for the standard culture method. Simple clinical 
information will be collected concerning the febrile episode and its treatment and outcome. 
Patients will be followed for 4 weeks from its presentation.

It is anticipated that any UKCCSG centre will be able to enter patients into Part One, even though 
some may not take part subsequently in Part Two (see below). The optimum threshold values will 
be derived from the results of Part One before patient recruitment commences for Part Two of 
the study. Part One requires 1000 febrile episodes and should be completed in the first year of the 
study. It is anticipated that there will be a hold on the study in between Part One and Part Two 
while the data from Part One are analysed. This may be up to 2 months.

The aim of Part Two of the study is to test the hypothesis that a test for CVC-associated 
infection based on quantitative bacterial 16S rDNA analysis will improve the management of 
suspected CVC-associated infections in patients being treated for cancer. For logistical reasons, 
Part Two may be performed on a limited centre basis. Patients (0–18 years inclusive) will be 
eligible whether or not they have previously participated in Part One, and patients will be 
randomised to availability of the 16S rDNA test (Arm A) or not (Arm B). All other aspects of 
management, including investigation by standard culture techniques, will remain unaltered in 
both randomisation groups. The 16S rDNA result should be made available to the doctor with 
responsibility for patient care within 48 hours, and will incorporate the likelihood ratios (both 
negative and positive) of probable CVC-associated infection for a known test value. A repeat 
sample(s) can be tested during the same episode if the clinician considers that it/they will help 
patient management. Simple clinical information will be collected, as in Part One. The primary 
outcome measure is CVC survival; secondary outcome measures include duration of antibiotic 
treatment and hospitalisation for fever, mortality and an economic analysis. Part Two requires 
randomisation of 330 patients and should be completed within 24 months. This allows 18 months 
for patient recruitment and a minimum of 6 months’ follow-up after each episode.
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Appendix 2  

Data collection sheets (accuracy 
study, Chapter 2)
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Appendix 3  

Prognostic markers for sequelae of 
central venous catheter-associated 
bloodstream infection: 6-month 
follow-up period (Chapter 3)
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FIGURE 10 Kaplan–Meier plots of time to recurrent infection requiring i.v. treatment in cohort followed up for 6 months 
according to three test results. (a) FRC; (b) bacterial DNA; (c) blood culture (BC).
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FIGURE 11 Kaplan Meier–plots of time to CVC removal in cohort followed up for 6 months according to three test 
results (a) FRC; (b) bacterial DNA; (c) blood culture (BC).

FIGURE 10 Kaplan–Meier plots of time to recurrent infection requiring i.v. treatment in cohort followed up for 6 months 
according to three test results. (a) FRC; (b) bacterial DNA; (c) blood culture (BC) (continued).
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FIGURE 11 Kaplan Meier–plots of time to CVC removal in cohort followed up for 6 months according to three test 
results (a) FRC; (b) bacterial DNA; (c) blood culture (BC) (continued).
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TABLE 22a Multivariable analyses of predictors of outcomes related to CVC-associated bloodstream infection in cohort 
followed up for 6 months – outcome: time to CVC removal (bold denotes associations with a p-value < 0.05)

Explanatory variables

Time to CVC removal

Model without DNA Model with DNA

HR 95% CI p-value HR 95% CI p-value

Oral antibiotics in 2 
weeks before infection 
episode

1.68 (0.94 to 2.99) 0.081 1.64 (0.92 to 2.95) 0.096

With FRC 3.36 (1.55 to 7.27) 0.002 2.98 (1.30 to 6.79) 0.010

DNA (> 0.5 pg/µl) 1.93 (0.86 to 4.35) 0.111

DNA (0.125–0.5 pg/µl) 0.81 (0.24 to 2.71) 0.730

AIC 395.84 397.24

DNA, bacterial DNA results.

TABLE 22b Multivariable analyses of predictors of outcomes related to CVC-associated bloodstream infection in cohort 
followed up for 6 months – outcome: total duration of i.v. treatment (bold denotes associations with a p-value < 0.05)

Explanatory variables

Total duration of i.v. treatment adjusted for indicator variable: CVC removal with follow-up period (yes/no)

Model without DNA Model with DNA

HR 95% CI p-value HR 95% CI p-value

Single lumen –6.30 (–12.28 to –0.32) 0.042 –7.15 (–13.34 to –0.97) 0.026

With FRC 10.44 (0.53 to 20.36) 0.042 12.49 (2.11 to 22.88) 0.020

DNA (> 0.5 pg/µl) –6.27 (–16.22 to 3.69) 0.221

DNA (0.125–0.5 pg/µl) –4.45 (–16.25 to 7.36) 0.462

AIC 537.44   539.49   

DNA, bacterial DNA results.
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Appendix 4  

Slow infusion versus bolus infection 
for treating suspected central 
venous catheter-associated infection 
(Chapter 4)

Summary of ‘A randomised study comparing bolus injection with infused and/or line-locked 
teicoplanin’ [SC (Supportive Care) 1999 010].

Full protocol available from the CCLG website, www.cclg.org.uk.

Principal investigator: Dr Barry Pizer, Consultant Paediatric Oncologist, Alder Hey Children’s 
Hospital, Liverpool, UK.

This protocol is for a randomised study comparing teicoplanin given by bolus injection with 
prolonged (i.e. 2 hours) infusion and/or antibiotic lock for treating septicaemia due to coagulase-
negative staphylococci in children with CVCs. The hypothesis is that prolonged exposure 
of bacteria to teicoplanin, as afforded by infused or ‘line-locked’ antibiotic, will result in an 
increased success rate from therapy for CVC-related septicaemia as compared with treatment 
with bolus teicoplanin. The study is confined to the investigation of the treatment of coagulase-
negative staphylococci infections as these are the most common group of organisms causing 
CVC-related septicaemia. Inclusion of other Gram-positive organisms may affect the results of 
the study pertaining to coagulase-negative staphylococci septicaemia. Recruitment started in 
1999 and finished in 2009. Results have not yet been published.
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Appendix 5  

Search terms for the systematic review 
(Chapter 4)

Search for papers on prognosis

An initial search was carried out for papers reporting prognosis for subsequent infection, 
infection complications or death in children with CVC-associated infection.

We searched MEDLINE using PubMed and the following terms. The search was repeated for 
EMBASE (see Figure 5, Chapter 4).

Our search included synonyms for text words in all fields and MeSH terms for: central venous, 
intravascular, port, or indwelling AND catheter or device AND removal.

CVC terms
((central[All Fields] AND (“veins”[MeSH Terms] OR “veins”[All Fields] OR “venous”[All 
Fields]) AND (“catheterization”[MeSH Terms] OR “catheterization”[All Fields] OR “catheter”[All 
Fields])) OR (intravascular[All Fields] AND (“equipment and supplies”[MeSH Terms] OR 
(“equipment”[All Fields] AND “supplies”[All Fields]) OR “equipment and supplies”[All Fields] 
OR “device”[All Fields])) OR (intravascular[All Fields] AND (“catheterization”[MeSH Terms] 
OR “catheterization”[All Fields] OR “catheter”[All Fields])) OR (PICC[All Fields] AND line[All 
Fields]) OR (PICC[All Fields] AND port[All Fields]) OR (“catheters, indwelling”[MeSH Terms] 
OR (“catheters”[All Fields] AND “indwelling”[All Fields]) OR “indwelling catheters”[All Fields] 
OR (“indwelling”[All Fields] AND “catheter”[All Fields]) OR “indwelling catheter”[All Fields]) 
OR (tunneled[All Fields] AND (“catheterization”[MeSH Terms] OR “catheterization”[All Fields] 
OR “catheter”[All Fields])))

AND

Date restriction
((“1995”[EDAT]: “3000”[EDAT])

AND

Age restriction
(“infant”[MeSH Terms] OR “child”[MeSH Terms] OR “adolescent”[MeSH Terms]))

AND

Prognosis terms
(“incidence”[MeSH Terms:noexp] OR “mortality”[MeSH Terms] OR “follow-up studies”[MeSH 
Terms:noexp] OR (prognos[Text Word] OR prognose[Text Word] OR prognosed[Text Word] OR 
prognoses[Text Word] OR prognosi[Text Word] OR prognosic[Text Word] OR prognosies[Text 
Word] OR prognosing[Text Word] OR prognosis[Text Word] OR prognosis/clinical[Text Word] 
OR prognosis/course[Text Word] OR prognosis/diagnosis[Text Word] OR prognosis/
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favorable[Text Word] OR prognosis/good[Text Word] OR prognosis/invasion[Text Word] OR 
prognosis/metastasis[Text Word] OR prognosis/outcome[Text Word] OR prognosis/
outcomes[Text Word] OR prognosis/prevention[Text Word] OR prognosis/prognostic[Text 
Word] OR prognosis/survival[Text Word] OR prognosis/wish[Text Word] OR prognosis’[Text 
Word] OR prognosisa[Text Word] OR prognosisand[Text Word] OR prognosised[Text Word] 
OR prognosiss[Text Word] OR prognosistic[Text Word] OR prognositc[Text Word] OR 
prognositcally[Text Word] OR prognosite[Text Word] OR prognositic[Text Word] OR 
prognosits[Text Word] OR prognosls[Text Word] OR prognosonis[Text Word] OR 
prognosprognosis[Text Word] OR prognossis[Text Word] OR prognostc[Text Word] OR 
prognostiating[Text Word] OR prognostic[Text Word] OR prognostic/diagnostic[Text Word] OR 
prognostic/experimental[Text Word] OR prognostic/metastatic[Text Word] OR prognostic/
pharmacogenetic[Text Word] OR prognostic/predicting[Text Word] OR prognostic/
predictive[Text Word] OR prognostic/progression[Text Word] OR prognostic/proliferative[Text 
Word] OR prognostic/risk[Text Word] OR prognostic/severity[Text Word] OR prognostic/
staging[Text Word] OR prognostic/survival[Text Word] OR prognostic/therapeutic[Text Word] 
OR prognostic/treatment[Text Word] OR prognostic’[Text Word] OR prognostic’s[Text Word] 
OR prognostica[Text Word] OR prognosticable[Text Word] OR prognosticably[Text Word] OR 
prognosticaion[Text Word] OR prognostical[Text Word] OR prognostically[Text Word] OR 
prognosticaly[Text Word] OR prognosticantly[Text Word] OR prognosticants[Text Word] OR 
prognosticate[Text Word] OR prognosticated[Text Word] OR prognosticates[Text Word] OR 
prognosticating[Text Word] OR prognostication[Text Word] OR prognostications[Text Word] 
OR prognosticative[Text Word] OR prognosticator[Text Word] OR prognosticator’s[Text Word] 
OR prognosticators[Text Word] OR prognosticatory[Text Word] OR prognosticfactors[Text 
Word] OR prognosticfeature[Text Word] OR prognostician[Text Word] OR prognosticians[Text 
Word] OR prognosticity[Text Word] OR prognosticks[Text Word] OR prognosticly[Text Word] 
OR prognostico[Text Word] OR prognosticon[Text Word] OR prognostics[Text Word] OR 
prognostification[Text Word] OR prognostigate[Text Word] OR prognostigram[Text Word] OR 
prognostikon[Text Word] OR prognostis[Text Word] OR prognostisity[Text Word] OR 
prognostive[Text Word] OR prognostix[Text Word] OR prognostk[Text Word] OR 
prognostocrit[Text Word] OR prognosys[Text Word]) OR (predict[Text Word] OR predict/
affect[Text Word] OR predict/assess[Text Word] OR predict/classify[Text Word] OR predict/
estimate[Text Word] OR predict/evaluate[Text Word] OR predict/exclude[Text Word] OR 
predict/interpret[Text Word] OR predict/monitor[Text Word] OR predict/prognosticate[Text 
Word] OR predict/rank[Text Word] OR predict/refine[Text Word] OR predict/rule[Text Word] 
OR predict’[Text Word] OR predict’’[Text Word] OR predict7[Text Word] OR predicta[Text 
Word] OR predictab[Text Word] OR predictabe[Text Word] OR predictabilities[Text Word] OR 
predictability[Text Word] OR predictability/rhythm[Text Word] OR predictability’[Text Word] 
OR predictabilty[Text Word] OR predictable[Text Word] OR predictable/controlled[Text Word] 
OR predictable/unpredictable[Text Word] OR predictable/variable[Text Word] OR 
predictable’[Text Word] OR predictables[Text Word] OR predictablity[Text Word] OR 
predictably[Text Word] OR predictabuity[Text Word] OR predictal[Text Word] OR 
predictalbe[Text Word] OR predictand[Text Word] OR predictands[Text Word] OR 
predictaquatic[Text Word] OR predictated[Text Word] OR predictative[Text Word] OR 
predictbias[Text Word] OR predictd[Text Word] OR predicte[Text Word] OR predicted[Text 
Word] OR predicted/100[Text Word] OR predicted/30[Text Word] OR predicted/actual[Text 
Word] OR predicted/assumed[Text Word] OR predicted/baseline[Text Word] OR predicted/
dlco[Text Word] OR predicted/established[Text Word] OR predicted/expected[Text Word] OR 
predicted/have[Text Word] OR predicted/hypothesized[Text Word] OR predicted/
hypothetical[Text Word] OR predicted/measured[Text Word] OR predicted/observed[Text 
Word] OR predicted/predicted[Text Word] OR predicted/recommended[Text Word] OR 
predicted/sd[Text Word] OR predicted/se[Text Word] OR predicted/uncharacterized[Text Word] 
OR predicted/unit[Text Word] OR predicted/y[Text Word] OR predicted/year[Text Word] OR 
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predicted/yr[Text Word] OR predicted’[Text Word] OR predictedfrom[Text Word] OR 
predictedl[Text Word] OR predictedl/e[Text Word] OR predictedmore[Text Word] OR 
predictedness[Text Word] OR predictee[Text Word] OR predictees[Text Word] OR 
predicter[Text Word] OR predicters[Text Word] OR predictet[Text Word] OR predictibility[Text 
Word] OR predictible[Text Word] OR predictically[Text Word] OR predictice[Text Word] OR 
predictie[Text Word] OR predictied[Text Word] OR predictif[Text Word] OR predictifs[Text 
Word] OR predictim[Text Word] OR predictin[Text Word] OR predictinf[Text Word] OR 
predicting[Text Word] OR predicting/assembling[Text Word] OR predicting/assessing[Text 
Word] OR predicting/estimating[Text Word] OR predicting/evaluating[Text Word] OR 
predicting/optimizing[Text Word] OR predicting/preventing[Text Word] OR predicting’[Text 
Word] OR predictinginteractions[Text Word] OR predictingpostoperative[Text Word] OR 
predictingprognosis[Text Word] OR predictingthe[Text Word] OR predictintegral[Text Word] 
OR predictiom[Text Word] OR prediction[Text Word] OR prediction/analysis[Text Word] OR 
prediction/annotation[Text Word] OR prediction/assessment[Text Word] OR prediction/
confirmation[Text Word] OR prediction/detection[Text Word] OR prediction/estimation[Text 
Word] OR prediction/experimental[Text Word] OR prediction/explanation[Text Word] OR 
prediction/feedback[Text Word] OR prediction/histology[Text Word] OR prediction/
integration[Text Word] OR prediction/national[Text Word] OR prediction/parameter[Text 
Word] OR prediction/postdiction[Text Word] OR prediction/ppfinder[Text Word] OR 
prediction/precipitation/prevention[Text Word] OR prediction/prevention[Text Word] OR 
prediction/prognosis[Text Word] OR prediction/recognition[Text Word] OR prediction/
reproducibility[Text Word] OR prediction/sensitivity[Text Word] OR prediction/sensitivity/
specificity[Text Word] OR prediction/singular[Text Word] OR prediction/treatment[Text Word] 
OR prediction/verification[Text Word] OR prediction’[Text Word] OR prediction’s[Text Word] 
OR prediction36[Text Word] OR predictional[Text Word] OR predictionalgorithms[Text Word] 
OR predictioncapacity[Text Word] OR predictioncenter[Text Word] OR predictioncenter/casp6/
org[Text Word] OR predictioning[Text Word] OR predictions[Text Word] OR predictions/
estimates[Text Word] OR predictions/h[Text Word] OR predictions/impressions[Text Word] OR 
predictions/number[Text Word] OR predictions/total[Text Word] OR predictions’[Text Word] 
OR predictionst[Text Word] OR predictit[Text Word] OR predictition[Text Word] OR 
predictitive[Text Word] OR predictiv[Text Word] OR predictive[Text Word] OR predictive/
confounding[Text Word] OR predictive/data[Text Word] OR predictive/descriptive[Text Word] 
OR predictive/diagnostic[Text Word] OR predictive/face/construct[Text Word] OR predictive/
proactive[Text Word] OR predictive/prognostic[Text Word] OR predictive/protective[Text Word] 
OR predictive/risk[Text Word] OR predictive/surrogate[Text Word] OR predictive/
validation[Text Word] OR predictive/vector[Text Word] OR predictive’[Text Word] OR 
predictivefactors[Text Word] OR predictively[Text Word] OR predictively’[Text Word] OR 
predictiveness[Text Word] OR predictiveof[Text Word] OR predictives[Text Word] OR 
predictivetrade[Text Word] OR predictivites[Text Word] OR predictivities[Text Word] OR 
predictivity[Text Word] OR predictivo[Text Word] OR predictivy[Text Word] OR predictly[Text 
Word] OR predictment[Text Word] OR predictmorbidity[Text Word] OR predictnls[Text Word] 
OR predictol[Text Word] OR predictome[Text Word] OR predicton[Text Word] OR 
predictons[Text Word] OR predictor[Text Word] OR predictor/correlate[Text Word] OR 
predictor/criterion[Text Word] OR predictor/happiness[Text Word] OR predictor/
independent[Text Word] OR predictor/mediator[Text Word] OR predictor/outcome[Text Word] 
OR predictor/training[Text Word] OR predictor’[Text Word] OR predictor’’[Text Word] OR 
predictor’s[Text Word] OR predictora[Text Word] OR predictore[Text Word] OR 
predictores[Text Word] OR predictorfor[Text Word] OR predictorof[Text Word] OR 
predictorr[Text Word] OR predictors[Text Word] OR predictors/conditions[Text Word] OR 
predictors/correlates[Text Word] OR predictors/formulas[Text Word] OR predictors/
indicators[Text Word] OR predictors/institutionalization[Text Word] OR predictors/
markers[Text Word] OR predictors/mediators[Text Word] OR predictors/other[Text Word] OR 
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predictors/risk[Text Word] OR predictors/svmtm[Text Word] OR predictors’[Text Word] OR 
predictorsof[Text Word] OR predictorvsl2[Text Word] OR predictory[Text Word] OR 
predictpatientevents[Text Word] OR predictprotein[Text Word] OR predictprotein’[Text Word] 
OR predictregulon[Text Word] OR predictrive[Text Word] OR predicts[Text Word] OR 
predictt[Text Word] OR predictthe[Text Word] OR predicttive[Text Word] OR 
predicttoxicity[Text Word] OR predictve[Text Word] OR predictyate[Text Word]) OR 
(course[Text Word] OR course/6[Text Word] OR course/activity[Text Word] OR course/
aging[Text Word] OR course/best[Text Word] OR course/clerkship[Text Word] OR course/
clerkships[Text Word] OR course/curriculum[Text Word] OR course/donor[Text Word] OR 
course/dose[Text Word] OR course/effectiveness[Text Word] OR course/faculty[Text Word] OR 
course/immunologic[Text Word] OR course/laboratory[Text Word] OR course/materials[Text 
Word] OR course/module[Text Word] OR course/nil[Text Word] OR course/open[Text Word] 
OR course/outcome[Text Word] OR course/outcome/treatment[Text Word] OR course/
patient[Text Word] OR course/period[Text Word] OR course/prognosis[Text Word] OR course/
program[Text Word] OR course/residency[Text Word] OR course/severity[Text Word] OR 
course/social[Text Word] OR course/theory[Text Word] OR course/training[Text Word] OR 
course/treatment[Text Word] OR course/tumor[Text Word] OR course/tutorial[Text Word] OR 
course/workshop[Text Word] OR course’[Text Word] OR course’’[Text Word] OR course’s[Text 
Word] OR course95[Text Word] OR coursebook[Text Word] OR coursebooks[Text Word] OR 
coursebuilder[Text Word] OR coursed[Text Word] OR coursefor[Text Word] OR courseille[Text 
Word] OR coursely[Text Word] OR coursemaster[Text Word] OR coursemates[Text Word] OR 
coursemodifying[Text Word] OR coursen[Text Word] OR courseof[Text Word] OR 
courseofacute[Text Word] OR courser[Text Word] OR coursers[Text Word] OR coursersef[Text 
Word] OR courses[Text Word] OR courses/1[Text Word] OR courses/1,000[Text Word] OR 
courses/100[Text Word] OR courses/165[Text Word] OR courses/33[Text Word] OR courses/
advanced[Text Word] OR courses/areas[Text Word] OR courses/awards[Text Word] OR courses/
child[Text Word] OR courses/classes[Text Word] OR courses/clerkships[Text Word] OR courses/
congresses[Text Word] OR courses/course[Text Word] OR courses/disciplines[Text Word] OR 
courses/individual[Text Word] OR courses/lectures[Text Word] OR courses/materials[Text 
Word] OR courses/nt/is[Text Word] OR courses/patient[Text Word] OR courses/person[Text 
Word] OR courses/person/year[Text Word] OR courses/programs[Text Word] OR courses/
pt[Text Word] OR courses/schools[Text Word] OR courses/seminars[Text Word] OR courses/
themes/topics[Text Word] OR courses/workshops[Text Word] OR courses/year[Text Word] OR 
courses’[Text Word] OR coursesabout[Text Word] OR coursesteaching[Text Word] OR 
courseware[Text Word] OR coursewares[Text Word] OR coursewise[Text Word] OR 
coursework[Text Word] OR coursework/continuing[Text Word] OR coursey[Text Word])

Cochrane Central Register of Controlled Trials

We searched CENTRAL for any RCTs that included text words or MeSH terms relating to CVC 
and infection for patients of any age.

(central ven* cathe*):ti,ab,kw OR MeSH descriptor Catheterization, Central Venous

AND

(infec*):ti,ab,kw OR MeSH descriptor Infection
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Early central venous catheter removal versus treatment in situ to 
reduce infection complications

We considered any potentially eligible studies found from scanning the abstracts generated by the 
searches above. In addition, we conducted specific searches of PubMed for comparative studies of 
CVC removal versus treatment in situ.

The search terms used were: terms for CVC, removal included as a text word, date limit for 
articles published from 1995 onwards.

Terms for CVC
((central[All Fields] AND (“veins”[MeSH Terms] OR “veins”[All Fields] OR “venous”[All 
Fields]) AND (“catheterization”[MeSH Terms] OR “catheterization”[All Fields] OR “catheter”[All 
Fields])) OR (intravascular[All Fields] AND (“equipment and supplies”[MeSH Terms] OR 
(“equipment”[All Fields] AND “supplies”[All Fields]) OR “equipment and supplies”[All Fields] 
OR “device”[All Fields])) OR (PICC[All Fields] AND line[All Fields]) OR port[All Fields] OR 
(“catheters, indwelling”[MeSH Terms] OR (“catheters”[All Fields] AND “indwelling”[All Fields]) 
OR “indwelling catheters”[All Fields] OR (“indwelling”[All Fields] AND “catheter”[All Fields]) 
OR “indwelling catheter”[All Fields]) OR (tunnelled[All Fields] AND (“catheterization”[MeSH 
Terms] OR “catheterization”[All Fields] OR “catheter”[All Fields])))

Antimicrobial locks for treatment or prevention (any age group)

We considered any potentially eligible studies found from scanning the abstracts generated by 
the searches above. In addition, we conducted specific searches of PubMed for reviews, meta-
analyses or RCTs of antimicrobial locks.

Terms for CVCs
((central[All Fields] AND (“veins”[MeSH Terms] OR “veins”[All Fields] OR “venous”[All 
Fields]) AND (“catheterization”[MeSH Terms] OR “catheterization”[All Fields] OR “catheter”[All 
Fields])) OR (intravascular[All Fields] AND (“equipment and supplies”[MeSH Terms] OR 
(“equipment”[All Fields] AND “supplies”[All Fields]) OR “equipment and supplies”[All Fields] 
OR “device”[All Fields])) OR (PICC[All Fields] AND line[All Fields]) OR port[All Fields] OR 
(“catheters, indwelling”[MeSH Terms] OR (“catheters”[All Fields] AND “indwelling”[All Fields]) 
OR “indwelling catheters”[All Fields] OR (“indwelling”[All Fields] AND “catheter”[All Fields]) 
OR “indwelling catheter”[All Fields]) OR (tunnelled[All Fields] AND (“catheterization”[MeSH 
Terms] OR “catheterization”[All Fields] OR “catheter”[All Fields])))

Limits were publication date from 1995, meta-analysis, RCT, review.

Locks (for treatment or prevention): lock was included as a text word.

Slow infusion versus bolus injection of antibiotics

This search considered any potentially eligible studies found from scanning the abstracts 
generated by the searches above. In addition, we conducted specific searches using terms for CVC 
AND RCTs (as above) AND synonyms for infusion, parenteral, intravenous or bolus.
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Appendix 6  

Studies excluded from the systematic 
review (Chapter 4)

TABLE 23 Studies excluded from the systematic review of antimicrobial locks for preventing CVC-associated infection 
(see Chapter 4)

Author
Year 
published Country Journal

Study 
design Population Reason for exclusion

Bernardini 1996 USA Am J Kidney Dis RCT Peritoneal dialysis Mupirocin vs oral rifampicin

Bernardini 2005 USA J Am Soc Nephrol RCT Peritoneal dialysis Oral gentamicin vs muciprocin

De Sio 2004 Italy Pediatr Infect 
Dis J

Case series Oncology Vancomycin + urokinase

Dillon 2004 USA J Clin Oncol RCT Children on 
haemodialysis

Urokinase vs heparin

Duncan 2005 UK J Am Soc Nephrol RCT Haemodialysis Citrate vs heparin

Haimi-Cohen 2001 USA Antimicrob Agents 
Chemother

Experimental Paediatric 
oncology

In vitro study

Johnson 2002 Australia Nephrol Dial 
Transplant

RCT Haemodialysis Mupirocin vs no treatment

Kacica 1994 USA J Pediatr RCT Neonatal ICU Vancomycin added to TPN vs none

Kethireddy 2008 USA J Vasc Access Systematic 
review of 
RCTs

Oncology Urokinase vs heparin, five RCTs

Ljungman 1997 Sweden Support Care 
Cancer

RCT Adult oncology Perioperative prophylaxis

Mouw 2008 USA J Pediatr Surg Historical 
case series

Children with short 
gut syndrome

Ethanol – no comparison

Ranson 1990 UK J Hosp Infect RCT Adult oncology Perioperative prophylaxis

van Rooden 2008 Netherlands J Clin Oncol RCT Chemotherapy Urokinase vs saline

Sesso 1998 Brazil J Am Soc Neprhol RCT Haemodialysis Muciprocin ointment vs none

Smith 1989 UK Antimicrob Agents 
Chemother

Case–control 
study 

Paediatric 
oncology

Vancomycin vs teicoplanin

Spafford 1994 USA J Pediatr RCT Neonatal ICU Vancomycin added to TPN vs none

Vassilomaniakis 1995 Greece Bone Marrow 
Transplant

RCT Bone marrow 
transplant patients

Prophylactic systemic vancomycin 
vs none

Vazquez 1999 Spain Haematologica RCT Neutropenic 
oncology 

Vancomycin vs teicoplanin systemic 
treatment

ICU, intensive care unit; TPN, total parenteral nutrition.
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Appendix 7  

Antimicrobial lock questionnaire

Antimicrobial locks used for the treatment or prevention of 
central venous catheter-associated infections in children with 
cancer

Questionnaire objective To identify concerns with respect to the use of antimicrobial locks for 
the treatment or prevention of CVC-associated infections in children undergoing treatment for 
cancer.

An antimicrobial lock is defined as the ‘locking’ of a solution containing an antimicrobial 
substance into the lumen of a central vascular access device in order to treat or prevent infection 
associated with that device. These antimicrobial locks can be used for variable periods but 
usually in excess of 2 hours. Antimicrobial substances that have been reported for prevention 
or treatment can be any one or more of a wide range of chemicals (including chelating agents, 
alcohols and acids), antibiotics, enzymes and disinfectants. Antimicrobial locks used for 
prevention are almost always both antimicrobial and anticoagulant. An example of antimicrobial 
locks for prevention is the use of vancomycin with heparin. In this case the vancomycin/heparin 
solution is used as a direct replacement for heparin and may be left in the line for variable 
durations depending upon the requirements for line usage.

Nine systematic reviews have shown that lock solutions prevent CVC infection (see, for example, 
Yahav et al.106 and Safdar and Maki77). Most of the RCTs were of adult patients undergoing 
haemodialysis through a CVC: the pooled relative risk of CVC-associated infection found in the 
meta-analyses is 0.3–0.6 in patients in whom antimicrobial locks were used as a routine locking 
solution compared with patients given placebo or heparin locks. To understand what this means, 
imagine that the relative risk is 0.5. This means that the frequency of infection would be halved, 
for example from a rate of 10/1000 CVC days with heparin to 5/1000 CVC days with a lock 
solution.

There are limited published data on the use of locks for treatment, but a major potential benefit 
is prevention of recurrent infection (see Rijnders et al.36). In the only RCT that has examined 
treatment of CVC infection using antibiotic locking solutions (heparin with vancomycin or 
ceftazidine), probably because of the small sample size the study found no significant difference 
(HR 0.55, p = 0.10).36 It might be that further studies will show that locks can be used to treat 
CVC-associated infections that respond poorly to current treatment regimes such as those caused 
by fungi, S. aureus and resistant Gram-negative bacteria, but there are insufficient data to answer 
this question at the moment.

In summary, there is evidence for the effectiveness of locks for prevention of CVC infection, 
particularly in patients undergoing haemodialysis.

We are trying to find out whether locks are being used in paediatric oncology practice and 
what are the concerns and perceived disadvantages, including feasibility issues, disadvantages, 
contraindications and potential costs.
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Could you please answer the following questions in as much detail as possible.

Questions

1) Are antimicrobial locks used in your centre for children with cancer?
a) to prevent CVC infection Yes ☐ No ☐
b) to treat suspected CVC infection Yes ☐ No ☐

(for example in a child presenting with fever and with coagulase negative staphylococci 
isolated from both lumens of a central line)

2) If yes – have you any experience of side-effects or adverse events attributable to the use of 
antimicrobial locks? Yes ☐ No ☐
If yes – please specify

3) Please could you list below anything that might discourage you from using antimicrobial 
locks

 For prevention For treatment

Selection of antibiotic resistance  N/A

Doubts about efficacy

Safety profile

Costs

Availability of lumen time

Inconvenience

Other

If other, please specify

Comments

4) Please can you give an indication of the proportion of children undergoing treatment for 
cancer in your centre in whom you think it would be feasible to use antimicrobial locks – 
assuming that this will require a minimum of 2 hours of antimicrobial lock time in each 
lumen for treatment, and there will be no problems with availability of lock solutions in 
shared care or the community for continuing preventive use and where the locking solution 
is a direct replacement for heparin flushes and locks.

For treatment % For prevention %
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Appendix 8  

Secondary analyses of unpublished 
study by Windebank et al. to 
determine prognostic markers for 
infection recurrence and central 
venous catheter removal (Chapter 3)

This was a prospective, multicentre, multidisciplinary study of CVCs in paediatric oncology 
patients, which analysed factors involved in early failure.

TABLE 24 Frequency distribution of characteristics in cohort of children admitted for i.v. treatment for infection derived 
from the unpublished longitudinal study by Windebank et al.

Number of patients included for analysis 334

Duration of follow-up 6 months

Number with infection episode 334

Excluded owing to missing data 0

Total number of patients 334

Characteristics before admission

Age at start of treatment period

 Overall n (%) 313 (94)

 Median (IQR) 6 (3 to 11)

 Mean (SEM) 7 (0.3)

< 3 years n (%) 74 (22)

 Median (IQR) 2 (1 to 2)

 Mean (SEM) 2 (0.1)

≥ 3 years n (%) 239 (72)

 Median (IQR) 7 (5 to 12)

 Mean (SEM) 8 (0.3)

Cancer type

 Non-haematological, n (%) 117 (35)

 Haematological, n (%) 217 (65)

Number of lumens

 Single, n (%) 104 (31)

 Multiple, n (%) 214 (64)

Type of venous access device

 External, n (%) 188 (56)

 Implanted port, n (%) 24 (7)

 Missing, n(%) 122 (37)

Duration of CVC insertion before treatment episode in months 

 Median (IQR) 2 (1 to 4)

continued
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Characteristics on admission for infection episode

FRC [with line flushing (WB) detail to footnote]

 Yes, n (%) 12 (4)

 No, n (%) 278 (83)

Superficial signs of tunnel/exit site infection within 3 days of treatment period or within 3 days after if on admission

 Tunnel or exit site, n (%) 15 (4)

 No signs recorded, n (%) 319 (96)

At 48 hours after admission

Blood culture group

 Pathogens (excluding skin commensals), n (%) 18 (5)

 Other, n (%) 30 (9)

 None recorded, n (%) 286 (86)

Outcomes

Follow-up period

Duration of follow-up (show lines for mean and median)a

 Median (IQR) 128 (55 to 183)

 Mean (SEM) 116 (3.6)

Recurrent infection episode

Number of patients with recurrent i.v. treatment periods after index episode 

 n (%) 199 (60)

Time to second period of i.v. treatment

 Median (IQR) 52 (26 to 104)

 Mean (SEM) 64 (3.1)

Incidence of recurrence (per 1000 days)b 

 Mean 7.449

Days of i.v. treatment

Days of i.v. treatment during index infection episode

 Median (IQR) 6 (4 to 9)

 Mean (SEM) 8 (0.4)

Days of i.v. treatment after initial infection episode 

 Median (IQR) 4 (0 to 10)

 Mean (SEM) 7 (0.6)

CVC removal

Reason CVC removed during follow-up period 

 Total, n (%) 225 (67)

 Infection, n (%) 65 (19)

 Death (not during treatment episode), n (%) 19 (6)

 CVC damage, n (%) 0 (0)

 Reason not stated, n (%) 141 (42)

 Not removed, n (%) 109 (33)

Incidence of CVC removal/1000 days’ follow-upa (A, B, C + from day of admission)

 Mean 5.813

Rate of death/1000 days’ follow-up (n)a (A, B, C + from day of admission)

 Mean 0.672

SEM, standard error of the mean.
a From start of first fever episode to time point A, B or C.
b From end of first treatment period to time point A, B or C.
A = 6 months after day of admission if CVC removed after 6 months; B = date of CVC removal, if CVC removed before 6 months after day of 
admission and no i.v. treatment at time of removal; C = date of end of i.v. treatment period taking place when CVC removed.

TABLE 24 Frequency distribution of characteristics in cohort of children admitted for i.v. treatment for infection derived 
from the unpublished longitudinal study by Windebank et al. (continued)
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Appendix 9  

Clinical effectiveness at 6-month 
follow-up
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