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Abstract
Infections are a leading cause of morbidity and mortality in children with acute leukemia. Central-line (CL) devices increase this
population’s risk of serious infections.
Within the context of a quality improvement (QI) project, we tested the effect of caregiver education on CL management on the

CL-associated bloodstream infection (CLABSI) rate among children with acute leukemia seen at a large referral center in Italy. The
intervention consisted of 9 in-person sessions for education and practice using mannequins and children.
One hundred and twenty caregivers agreed to participate in the initiative. One hundred and five (87.5%) completed the training, 5

(4.1%) withdrew after the first session, and 10 (8.3%) withdrew during practical sessions. After educational intervention, the overall
CLABSI rate was reduced by 46% (from 6.86 to 3.70/1000 CL-days). CLABSI rate was lower in children whose caregivers
completed the training (1.74/1000 CL-days, 95% CI 0.43–6.94) compared with those who did not receive any training (12.2/1000
CL-days, 95% CI 7.08–21.0, P<0.05) or were in-training (3.96/1000 CL-days, 95% CI 1.98–7.91) at the time of infection.
Caregiver training in CLmanagement, applied within a multifaceted QI approach, reduced the rate of CLABSI in children with acute

leukemia. Specific training and active involvement of caregivers in CL management may be effective to reduce CLABSI in high-risk
children.

Abbreviations:ALL= acute lymphocytic leukaemia, AML= acutemyelogenous leukemia, CL= central line, CLABSI= central-line
associated blood stream infection, DH = day hospital, PHO = pediatric hemato-oncology, QI = quality improvement.
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1. Introduction related either directly to the infection itself or indirectly to
Infections are a major cause of morbidity and mortality in
children with acute leukemia, due to severe and prolonged
cytopenia, hypogammaglobulinemia, severe mucositis, and
gut microbial dysbiosis.[1–3] The threat to a patient’s health is
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interruption or delay of chemotherapy, prolonged hospitaliza-
tion, and risk of nosocomial infections or malnutrition.[4]

Bloodstream infections are serious events and cause a
prolongation of hospital stay, increased costs and high risk of
mortality. Central line (CL)-associated bloodstream infection
(CLABSI) rates in oncologic children vary between 0.7 and 7.4
episodes per 1000 central-line (CL) days, according to different
studies.[5–8] However, the risk of infection is significantly linked
with the patient’s main diagnosis and underlying conditions, and
duration of the CL.[5,6] Children with acute leukemia and
children undergoing bone marrow transplantation show higher
CLABSI rates when compared with children affected by other
hematologic illnesses or solid tumors.[6] In studies on CL-related
complications in European children with acute leukemia,
infection rates ranged from 1.4 to 5.4/1000 CL days depending
on CL characteristics (such as catheter type, site of insertion, and
dwell time).[9]

Standard practices to prevent CLABSI have been dis-
seminated by the US Centers for Disease Control and Prevention
(CDC).[10] Previous studies demonstrated the efficacy of
multifaceted interventions to reduce infections, and particu-
larly CLABSI, in at-risk patients.[11,12] Implementation of
evidence-based interventions, including hygiene measures
and appropriate management of medical devices, likely
significantly reduces the CLABSI rate in hemato-oncology
patients.[8,13,14]
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Children with leukemia maintain a CL on average for 2 years, weekend. CLABSIs were identified in real time with positive
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spending the majority of this time at home. Our working
hypothesis was that maintaining appropriate CL hygiene and
management through active involvement of the family may
reduce the infection rate in this at-risk population. We tested the
effect of caregiver training in CL management, as part of a larger
quality improvement (QI) project, on the CLABSI rate in children
with acute leukemia.
2. Methods

2.4. Study design

Table 1

Key drivers and interventions for the overall CLABSI reduction
quality improvement study.

Key drivers Interventions

Hygiene measures and
management of
central-line

Review and application of maximal sterile
barrier precautions

Promotion of hand hygiene
Alcohol-containing hand hygiene product
dispenser at patients’ bedside

Use of chlorhexidine for CL placement and management
Use of recommended insertion-site dressing practices
Removal of central lines when no longer needed
Visual score to assess the CL exit site
Checklist for CL daily management

Health-care personnel
education and training

Continuous education of health-care personnel

Training course for nurses
Production of local protocol for CL management
Dissemination of the local protocol to other units
having contacts with CL (e.g., radiology)

Checklist for surgical CL placement
Registered nurse dedicated to infection control

Health care personnel
feedback and
performance

Monitoring of nurse activities and
feedback on success rate

Monitoring of alcohol-containing hand hygiene
product and chlorhexidine consumption

Daily measurement of fever episodes and CLABSI
and monthly reporting of rates

Standardized review and classification of episodes
Sharing of infection monitoring results (run charts)

Interaction with
microbiology
unit and pharmacy

Optimization in blood culture sampling strategies

Replacement of povidone-iodine with
chlorhexidine for skin preparation

Medical kits for CL medication and management

CL = central line, CLABSI = central line-associated bloodstream infection.
2.1. The working team

A multidisciplinary team was created to carry out a QI project to
reduce CLABSI among children with acute leukemia. The QI
team included pediatricians with expertise in infectious diseases
and hemato-oncology, experts in QI methodology, microbiolo-
gists, surgeons, and nurses. Team members met regularly to
define the study protocol and practice interventions based on
CDC and the National Association of Children’s Hospitals and
Related Institutions (NACHRI) Quality Transformation Efforts
guidance.[10,12] The QI team met regularly to discuss infection
rates, systematically review new events, and discuss barriers to
protocol implementation. The QI project was started in 2010. A
caregiver training course was proposed and developed by the QI
team in 2013 as a nested intervention to test once CLABSI rates
had plateaued.

2.2. Setting and population

The study was done at Santobono-Pausilipon Children’s
Hospital, the largest pediatric medical center in Southern Italy,
with over 35,000 pediatric admissions in 2014. It is a major
referral center for children with leukemia, with about 350
children in follow-up and about 40 new diagnoses of acute
leukemia annually. Care is provided predominantly on two units:
The pediatric hemato-oncology (PHO) (average daily census
14 patients), and day hospital (DH) (average daily census
30 patients) units.

2.3. Operational definitions

Eligible patients were children with acute myelogenous leukemia
(AML) or acute lymphocytic leukemia (ALL) aged 2months to 18
years admitted to the PHO or DH. Patients admitted to the PHO
for other diseases and patients undergoing bone marrow
transplantation received care in a system separate from those
with acute leukemia and were excluded from the analysis.
A fever episode was defined by a body temperature>38.5 °C in

one measurement or by body temperature >38 °C in two
consecutive measurements within 1hour.
CLABSI was defined according to standard CDC/National

Healthcare Safety Network (NHSN) definitions at the time of
project start.[15] The same definition was used throughout the
study to reduce variability in our outcome measure. The
determination of each CLABSI event was made by members of
the QI team.
Infections were identified and patient data extracted through

daily monitoring of admitted patients andmanual chart review of
eligible patients admitted betweenMarch 2012 andMarch 2014.
A research nurse trained in data collection and interpretation
reviewed the list of admitted patients each weekday and enrolled
those who met inclusion criteria. On Monday morning, the
research nurse would also review patients admitted during the
2

cultures. CL day and patient-day denominator data were
obtained by measuring the number of children with leukemia,
with or without CL, present in the unit at the same time each
day.[10,15] Each patient with a CL contributed only 1 CL day even
if the patient had more than 1 CL.[15]

All children were treated for their leukemia according to the
protocol of the Italian Association of Pediatric Hematology and
Oncology (AIEOP) for acute lymphoblastic and acute myeloid
leukemia.[16]
In the initial phase of the QI project, a stable CLABSI rate of 6.7/
1000 CL days was achieved among the study population within 2
years, and the existing protocol was moved to a sustain mode
(key drivers for the overall QI project are shown in Table 1). In an
effort to further reduce the CLABSI rate, a caregiver training
course was proposed and developed, to be implemented in the
context of the ongoing CLABSI prevention protocol. The
SMART aim[17,18] was to decrease the CLABSI rate from 6.7/
1000 CL days to 4.5/1000 CL days (30% reduction) within 1
year. The educational intervention was implemented and
monitored in both the PHO and DH. Components were adjusted
as needed using plan-do-study-act (PDSA) cycles.[17,18]



2.5. Educational intervention 2.6. Outcome measures

2.7. Statistical analysis

2.8. Human subject protection
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Before implementation of the quality improvement initiative,
patients’ caregivers were not involved in CL care. During the first
hospitalization, when typically a CL is placed to start
chemotherapy, caregivers received general information about
the role of CL in the overall management of their children and
were made aware of the importance to keep the insertion site
clean and to avoid handling the CL. None of caregivers was
involved in CL dressing changes. Once a week, during routine
hospital visits, nurses checked the CL insertion site and managed
the CL dressing.
We set up a specific educational initiative to train caregivers/

families in the management of CL and infection prevention. The
9-session training course lasted approximately 2 months based
on caregiver autonomy and self-confidence. Each session was
attended by 1 or 2 caregivers and lasted 60 to 90minutes, and
included ample time for questions and discussion. Session themes
and topics are listed in Table 2. The first session consisted of an
overview of infection prevention measures and CL care. The
second and third sessions focused on individual and environ-
mental hygiene measures. The remaining 6 sessions were
practical experience on mannequins (3 sessions) and patients
(3 sessions). At the final session, a locally produced video clip
illustrating the procedures for asepsis and care of CL insertion site
was provided to all training participants. Additionally, a checklist
for CL management at home, similar to those used by inpatient
providers, was developed and distributed to training participants
(see supplemental content, http://links.lww.com/MD/B64—
which illustrates the checklist for the management of central line).
During subsequent patient admissions, participants participat-

ed in CL care by supporting nurses during CL dressing, observing
(and reporting to their bedside nurse) health care personnel
compliance with the CLABSI prevention protocol on the study
units as well as in other settings throughout the hospital, such as
radiology or the surgery unit.
Table 2

Caregiver training program.

Session Theme Topics

1 Overview Infection risk in children with leukemia
General infection prevention measures
Central lines and children with leukemia

(prolonged dwell time, potential
complications, principles of care)

2–3 Hygiene measures
(individual and
environmental)

Review from previous session

Maximal sterile barriers precautions
Hand hygiene training and demonstration
Principles and process for preparation of a

sterile environment at home
Distribution of pamphlet on CL care at home

4–6 Practical—mannequin Review from previous sessions
Demonstration and practice of CL management

on mannequin
Checklist for CL management at home
Discussion of local barriers (at home) and risks

7–9 Practical—patient Checklist for CL management at
home review/revision

Practical session on patient
Video clip presentation
Questions and answers
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The primary outcome was CLABSI rate/1000 CL days in
children with acute leukemia. To better evaluate the
educational program effect, CLABSI rates were calculated
among groups of caregivers stratified by training completed
at the time of infection. Caregivers were classified as fully
trained (all sessions attended, judged independent by trainers),
in training (had not completed the training at the moment in
which the infection occurred, but had begun the practical
sessions), and not trained (declined training or did not intend to
complete training).
The number of families completing the training and the

number of central-line medication administrations performed in
DH by nurses (rather than families) were used to indirectly
measure the training program’s efficacy.
We used statistical process control charts (P-charts) to track
outcome measures and detect trends and special causes of
variation.[15,17] The baseline rate was calculated based on the
previous12months of theQIproject (March2012andApril 2013)
and was compared with cumulative CLABSI rates computed with
95% confidence intervals (CI).
Cumulative rates with 95% CI were used to compare the

CLABSI rate among stratified caregiver groups. Continuous
variables were analyzed by analysis of variance.
The Santobono-Pausilipon Children’s Hospital institutional
review board reviewed the project and considered it a local
quality improvement initiative rather than research involving
human subjects. Informed consent beyond the standard consent
for treatment for all inpatients was not required. All families who
agreed to participate to the CL training signed an informed
consent before starting the educational program.

3. Results

A total of 118 children were diagnosed with acute leukemia and
included in the study. Of the 118, 42 (35 ALL and 7 AML)
(35.6%) children were admitted for fever episodes during the
study period, and 50% of these (21/42) met the definition of
CLABSI (Table 3).
Among ALL patients, those with a diagnosis of high-risk ALL

and those who presented as a relapse were grouped together and
classified as high risk ALL (ALL-HR).
Children with ALL had a slightly lower incidence of CLABSI

compared with children with ALL-HR and AML, although this
difference was not statistically significant (Table 3).
The baseline CLABSI rate was 6.86/1000 CL-days. Following

implementation of the training, the CLABSI rate decreased to
3.70/1000 CL-days within the first 8 months with a 46.1% rate
reduction attributable to the intervention alone (Fig. 1).
During the study period 120 caregivers of 118 children with

acute leukemia agreed to participate to the training, including
2 families in which both parents asked to be trained. After the
first session, 5 caregivers (4.1%) declined participation in the
project. Ten additional families (8.3%) withdrew during the
practical sessions because of self-described anxiety, fear, and a
feeling of incompetence. The remainder of the caregivers
completed the training.

http://links.lww.com/MD/B64
http://www.medicine.com


Cumulative CLABSI rate among patients whose caregivers application of educational intervention. During the project, none

4. Discussion

Table 3

Features of children with febrile episodes and CLABSI.

ALL HR-ALL AML Total P

General characteristics
Number of children admitted for febrile episode 14 21 7 42 NA
Number of children with CLABSI (%) 7 (50) 11 (52) 3 (43) 21
Gender (M/F) 10/4 11/10 2/5 23/19 0.16
Age in months at the first episode

∗
59 (44) 72 (72) 138 (141) 71 (82) 0.28

Type of central line
Hickman–Broviac 13 20 7 40 0.77
Groshong 1 1 0 2

Episodes of CLABSI
Number of CLABSI/patient† 0.5±0.52 0.76±0.99 0.71±1.11 0.67±0.87 0.68
Children with febrile episode (s) but no CLABSI (%) 7 (50) 10 (48) 4 (57) 21
Children with febrile episode (s) and 1 CLABSI (%) 7 (50) 8 (38) 2 (29) 17 0.61
Children presenting with febrile episode (s) and ≥2 CLABSI (%) 0 (0) 3 (14) 1 (14) 4

ALL=acute lymphoblastic leukaemia, AML=acute myeloid leukaemia, CLABSI= central-line associated blood stream infection, HR-ALL=high-risk ALL including children with ALL classified as high risk and
those who experienced a ALL relapse, NA=not applicable.
∗
Age reported as median and interquartile range (IQR).

† Number of episodes reported as mean±SD.
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were fully trained at the time of infection was lower (1.74/1000
CL-days) than those whose caregivers were not trained at the time
of infection (12.2/1000 CL-days, P<0.05). An intermediate
CLABSI rate was observed among children managed by in
training caregivers at the time of infection (3.96/1000 CL-days).
Fig. 2 reports the raw cumulative rates with 95% CI.
Following the intervention, the number of CL dressing changes

performed by DH nurses decreased from an average of 25 to
approximately 5 per day. The latter procedures were needed in
children whose caregivers did not take part in the study or were
unable/unwilling to manage CL.
In 3 cases the CL was removed due to the severe clinical

conditions of children affected by infections resistant to anti-
microbic therapy (Pseudomonas aeruginosa, Klebsiella pneumo-
niae, Candida albicans). All these cases occurred before
Figure 1. CLABSI rate per 1000 central-line days in children with leu
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of the caregivers (trained or those refusing training) was
responsible for displacement or improper practice requiring
new CL placement.
We demonstrated that, in the context of a standard prevention
protocol, training caregivers in CL management can further
reduce CLABSI rates in children with acute leukemia.
Implementation of evidence-based interventions executed by

healthcare providers has been shown to reduce CLABSI rates in
pediatric and adult intensive care units.[11,19] On that basis, we
applied standard CL placement and management bundles,
designing, adapting, and monitoring interventions to prevent
CLABSI in the study population for about 3 years (Table 1).
kaemia. CLABSI=central-line associated blood stream infection.



More recently, a similar evidence-based protocol successfully Initially, all caregivers agreed to participate in the program and

Figure 2. CLABSI rates according to the level of family training. CLABSI=central-line associated blood stream infection.
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reduced CLABSI rates in pediatric hemato-oncology patients.[20]

While demonstrating significant progress in CLABSI prevention,
there remain as yet unidentified factors that could further reduce
and perhaps yield a zero rate among pediatric hemato-oncology
patients. In search of these unidentified factors, we considered the
prolonged CL dwell time typical of children with leukemia and
the fact that most of that dwell time is spent at home or in
outpatient settings.
We hypothesized that involving caregivers directly in CL

management and CLABSI prevention would reduce CLABSI
rates. We demonstrated both a 46% reduction in overall CLABSI
rates and an 80% reduction in rate among fully trained versus not
trained caregivers. This suggests that any caregiver involvement is
effective, and that empowering all caregivers by transfer of CL
management could have a dramatic impact on CLABSI rates in
this vulnerable population globally.
Recent findings among families of oncology or non-oncology

patients support family involvement in CL management to
impact infection rate.[21,22] Although we did not specifically
assess caregivers’ compliance to the training, most families
demonstrated dedication and accountability to the process (data
not shown). The effect of our training on CLABSI rate further
supports its efficacy.
began the training sessions, indicating a belief among caregivers
that home CL management is relevant and important. During the
study period only aminority of families (12%)withdrew from the
training program, demonstrating the educational intervention
was both informative and feasible to complete. Of the caregivers
who withdrew, most did so during the practical sessions,
reporting anxiety, fear of causing pain to their children, and a
feeling of incompetence. The high degree of interest in the didactic
educational sessions, and our overall rate reduction, further
support that basic education of caregivers on infection risk and
CL management may be helpful for all families of children with
leukemia.[22]

Therefore, caregiver training obviated the need for adminis-
tration of medications in DH that could be done at home. This
likely decreased the number of providers handling the CL as well
as the number of CL accesses in the hospital. This may have
reduced the risk of infection among at-risk patients, having an
impact on final infection rate.
In addition to directly attributable morbidity, CLABSIs

may introduce deleterious delays in the management of
underlying malignancies, resulting in delayed chemotherapy,
prolonged hospitalization and, sometimes, central line removal
or replacement.[20]

http://www.medicine.com


As a consequence of the reduced infection rate, the overall care [6] Choi SW, Chang L, Hanauer DA, et al. Rapid reduction of central
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of our patient likely improved in terms of time spent in the
hospital ward and overall infection risk. Following the interven-
tion, the number of CL dressing changes performed byDHnurses
decreased by 80%, thus freeing the nurses to perform other tasks.
Our study has some limitations. The caregiver training

intervention was nested in a QI project and therefore the
reduction of the CLABSI rate should be considered as the result of
a multifaceted intervention in which caregiver training represents
an effective, additional intervention. The relatively small number
of caregivers in the not trained group may be seen as a limitation
because it may potentially reduce the reliability of our
comparison. However, this number reflects the relatively high
acceptance of the caregiver training and, actually, may be
considered a strength of our intervention. Finally, CLABSI
definitions have been updated since the completion of our
study.[23] Although we cannot estimate the effects of this changes,
it is likely that our interventions would be effective at preventing a
portion of, if not most, CLABSIs by current criteria.
In conclusion, implementation of a standard protocol for CL

management by caregivers through hands-on training reduced
CLABSI rates in children with leukemia. More specifically,
educational programs offered to caregivers, coupled with
stringent hygiene and CL care bundles, were effective in reducing
the CLABSI rate in children with leukemia. Caregiver training
within a multifaceted implementation of evidence-based practices
may result in a dramatic improvement of CLABSI rates, and in
turn of survival in leukemic patients.
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