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10 | Chapter 1
INTRODUCTION

“I will do no harm to the patient” [Hippocratic Oath, modern version] (1)

Protecting patients from harm is the overarching theme of the studies presented here.
More precisely, this thesis places a focus on the prevention of nosocomial or hospital-
acquired bloodstream infections in preterm infants, thus saving them from further harm.
A nosocomial infection is an infection acquired during hospitalization 48-72 hours
after admission or birth (2-3). These infections are a threat to patients” health worldwide
(4-6).

RELEVANCE

Nosocomial infections are the most common adverse events in our modern healthcare
system; at any time they affect worldwide over 1.4 million people in hospitals and are
associated with considerable morbidity, mortality, costs, and use of additional resources
(7). Severe pneumonia, urinary tract infections, and bloodstream infections (BSls) are
examples of these nosocomial infections. The European Centre for Disease Prevention
and Control reported an average prevalence of 7.1 nosocomial infections per 100 hos-
pitalised patients in European countries (8). Prevalence is defined as number of infec-
tion episodes or infected patients per 100 patients admitted to a healthcare setting or
ward at a given point in time (9). For the United States of America (USA) the estimated
incidence is 4.5 nosocomial infections per 100 hospitalised patients (10). Incidence is
defined as number of new infection episodes on new patients acquiring an infection
per 100 patients followed up for a defined time period (9). The different definitions may
explain differences in reported prevalence and incidences. The reported prevalence
for developing countries is substantially higher than that reported for European coun-
tries, i.e. 15.5 nosocomial infections per 100 patients (10). Nosocomial infections are
responsible for 80,000 deaths in the USA and 5,000 in the United Kingdom (UK) (11).

Very few countries systematically collect nosocomial BSI data. In the USA an esti-
mated 80,000 catheter related BSIs annually occur in intensive care units, which are
responsible for approximately 28,000 deaths (12). Individual studies reported BSI rates
ranging from 0.8 to 4.4 BSls per 1000 patient days (13-15).

The costs of catheter-associated BSls in terms of additional hospital charges and
extra hospital days are overwhelming (7, 10). The average costs for a patient with a
catheter-associated BSl in the USA varies between $16,000 to $45,000, therefore the
total additional costs of these infections are up to $2.3 billion annually (12, 16-17).

The average additional cost of every nosocomial BSI in infants is about $17.000 and
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the average neonatal intensive care unit (NICU) hospitalization is extended with ap-
proximately two weeks (17-19).

Nationwide numbers of nosocomial BSIs among infants in the Netherlands are not
available. However, a point prevalence measurement among infants admitted to sev-
eral Dutch NICUs found a prevalence of 10.4 (95% Cl 7.3-14.5) (20). Two other Dutch
studies, that included all admitted infants, reported 14.9 BSIs per1000 patient days (21)
and an incidence of 11.3% (22), respectively. Preterm infants, particularly very low
birth weight (VLBW) infants (< 1500 grams) and extremely low birth weight (ELBW)
infants (< 1000 grams) are at high risk for nosocomial BSls. The reported incidence
among ELBW infants is very high with approximately 32% (23). The incidence of BSIs
among VLBW infants in NICUs varies between 10% and 25% (17, 24-26). Up to 75%
of all nosocomial infections in these infants are nosocomial BSls; versus between 5%
and 8% in adult settings (27-28).

Nosocomial BSIs in preterm infants are associated with serious complications such
as severe intraventricular haemorrhage, hearing loss, cerebral palsy, necrotising en-
terocolitis, chronic lung disease and retinopathy (23, 26). Most of these complications
result in lifelong morbidity during their further entire life (26). Furthermore, BSIs carry
a 20% mortality rate among VLBW infants, especially due to Gram-negative pathogens
and fungi (2, 29).

WHY ARE PRETERM INFANTS AT HIGH RISK?

Several intrinsic and extrinsic factors are responsible for the high incidence of BSI in
NICUs.

Intrinsic factors. The infants” immature immune system is the most important intrinsic
factor. VLBW infants or very premature infants have an immature gastrointestinal tract
and therefore need parenteral nutrition for an extended period of time which is usually
provided by central venous catheters (30). Infants with the lowest birth weight are most
at risk for catheter related BSls; the number per 1000 catheter days was reported to be
(25,29, 31-32):

< 750 gram 13.6
751 —1000 gram 12.6
1001 — 1500 gram 7.7
1501 — 2500 gram 3.2
> 2500 gram 1.6

11
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The preterm infants’ innate immune system is not capable to respond adequately
to invading pathogens. The innate immune system consists of anatomical barriers,
inflammatory response, humoral immunity including complement system, and immu-
noglobulins (33). The term anatomical barriers refers to epithelial surfaces that form a
physical barrier and act as a first line of defense for most pathogens. However, barriers
such as skin, mucous membranes, and gastrointestinal tract mucosa are not yet well
developed in preterm infants. The immature epithelial surfaces are not capable enough
to prevent pathogens from invading, with greater risk of BSls as result (34). Premature
infants have a diminished inflammatory response to invading pathogens. Chemical
factors are produced during inflammation, which sensitize pain receptors, cause va-
sodilatation of blood vessels at the affected tissue, and attract phagocytes. The febrile
reaction mechanism which improves metabolic reaction, like migration of leukocytes,
is underdeveloped in preterm infants (33, 35). Humoral immunity encompasses the
complement system and immunoglobulins. The complement system forms a complex
biochemical cascade that contains over 20 different proteins and helps antibodies
clear pathogens or flag pathogens for destruction by other cells. The activated comple-
ment system organises all involved proteins to trigger an inflammatory response by
producing chemotaxis which attracts macrophages and neutrophils, forming holes in
the membrane of the pathogen resulting in cytolysis, and causing the destruction of the
pathogen. Immunoglobulins are proteins and are also involved in humoral immunity
found intravascular and extravascular. The immune system uses immunoglobulins to
identify and neutralize pathogens by binding or coating immunoglobulin to pathogens.
This process results in immobilization and agglutination of pathogens (33, 35). Im-
munoglobulin G is the major immunoglobulin in the serum of premature born infants.
During the third trimester of pregnancy maternal-fetal transfer of immunoglobulin takes
place (35). So, the earlier a preterm infant is born, the lower the quantity of maternal
immunoglobulin transferred by the placenta. For preterm infants it takes several months
to achieve an adequate immunoglobulin concentration. Therefore, the youngest pre-
term hospitalised infants are more prone to BSls (32).

Extrinsic factors: Major extrinsic risk factors for BSI in preterm infants are invasive
procedures, parenteral nutrition, and prolonged hospitalization (25, 34). Invasive pro-
cedures, such as inserting centrally placed intravenous devices (CVCs) provide a portal
of entry (30, 36-38). Microorganisms could affect infants when hygienic prevention
measures during the insertion procedure are inadequate, or when pathogens migrate at
the intraluminal or less likely extraluminal of the catheter (30, 39). Abandoning CVCs
is not a realistic option because they are urgently needed for the administration of
medication or total parental nutrition (40). Most preterm infants need total parental
nutrition because of the prolonged time needed to get on full enteral feeding (41-44).
Adequate amounts of carbohydrates, proteins, and fat are needed for their growth (45).
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Others require medication for vital function support, such as inotropes, which can be
administered by CVCs only due to its incisive effect to blood vessels (31, 36).

Above we described the common reasons for infants to be at risk for BSI and usual
ways to get infected. However, rare causes in NICU settings have been reported; for
example, a cleaning bucket contaminated with Klebsiella spread pathogens over all
surfaces (46). Twenty-eight infants were infected with Klebsiella and two of them died
as result of the pathogen spread. Others reported an outbreak of Bacillus cereus found
on the hands of nursing staff and inside balloons used for manual ventilation. Thirty-five
infants were colonised; three developed a BSI; and one of these deceased (47). As a
final example, contaminated breast milk caused an outbreak of extended-spectrum
R-lactamase (ESBL) producing Klebsiella pneumonia, spread by insufficient hygienic
barriers (48). In total 58 infants were affected; one infant acquired a BSI.

SELECTION OF PREVENTIVE MEASURES

Healthcare workers employed at a NICU may encounter two major risk factors in daily
practice: invasive procedures and parenteral nutrition (25, 34). Many different workers
are involved in patient care and the preterm infants” environment can be characterised
as a high activity level setting (49) in which there is great risk of patient-to-patient
transmission of pathogens via healthcare workers’ hands (50). Cross-transmission of
pathogens requires five steps: (1) pathogens are present on the patient’s skin or have
been shed at surfaces in the patient’s immediate environment; (2) organisms must be
transferred to healthcare workers” hands; (3) organisms must be capable of surviving on
healthcare workers’ hands (4); hand hygiene must be inadequate; and (5) the health-
care workers’ contaminated hands must come into contact with the patient or a surface
nearby the patient (5, 50-51).

Intravenous procedures, as well as the preparation and administration of parenteral
nutrition need to be performed aseptically to prevent contamination of the devices
used. The weak link in this process is noncompliance with hand hygiene protocols
(50). In a systematic review on this subject, improvement of compliance with hand
hygiene protocols was therefore found to be the most important intervention to prevent
nosocomial infections, and is why we focused on this preventive measure (49). In ad-
dition, there is sufficient evidence that improved hand hygiene results in a reduction of
nosocomial BSIs in adult settings (52-53).

Other potential preventive measures such as pharmacological interventions, adequate
staffing, avoidance of overcrowding, promotion of human milk feeding, involvement of
patient families in BSI prevention were not selected for this thesis (54).

13
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Hand hygiene is also designated the most important keystone of infection prevention
by the Centers for Disease Control and Prevention, the World Health Organization,
and others (5, 37, 49, 55-56). Hand hygiene behavior is a result of so-called behavioral
determinants. Three broad categories of behavioral determinants can generally be dis-
tinguished: motivation, abilities and opportunities. l.e. if people are motivated, have
the abilities and are provided with the right opportunities to comply to hand hygiene
practices, they are much more likely to do so. Interventions to promote hand hygiene
behavior should this try to improve the healthcare workers motivation to comply, their
abilities to comply with the right hand hygiene practices, and should try to create a
physical and social environment that makes hand hygiene compliance as easy, self-
evident and socially desirable as possible.

HAND HYGIENE PRACTICES

Hand hygiene can be performed by washing with water and soap and drying with
paper towels, or by applying hand alcohol. Hand washing with water and soap is
recommended if hands are visually soiled, after visiting the bathroom, after contact
with food, or in case pathogens are not sensitive to hand alcohol. Examples of the
latter pathogens are Clostridium and gastrointestinal tract viruses such as noro-, rota-,
adeno-, and astrovirus (57). A few environmental resources are required such as a
sink and water supply. A disadvantage of hand washing is its time consuming nature.
The complete procedure takes approximately three minutes. In addition, it has only
selective bactericidal effects and is only effective for elimination of transient pathogens.
Last but not least, frequent use of soap raises the risk of skin breakdown (56). Compli-
ance with hand hygiene can be suboptimal due to poor knowledge of indications for
hand hygiene, lack of time, difficulty integrating it into daily practice, absence of social
norms promoting hand hygiene, and lack of leadership to promote hand hygiene (4).

Hand disinfection with an alcohol-based solution has superior antimicrobial efficacy
compared to hand washing (56, 58). It has been estimated that improved hand disinfec-
tion can reduce the nosocomial infection rate by up to 40% (58). To reach the desired
effect, all parts of the hands (hand back, palm of the hands, between fingers, finger tops,
wrists, and thumbs) should be rubbed with at least 3 ml ethanol 80% solution till all
alcohol is evaporated (56). This method carries the advantage of easy application; the
relatively short time needed (30 seconds); the bactericidal effect affecting pathogens
deep in the skin; and reduced risk of skin breakdown (4, 56).

Hand disinfection with hand alcohol is the preferred method of hand hygiene for
most opportunities (56). Despite healthcare professionals’ awareness of the need for
hand hygiene, compliance with hand hygiene protocols in general is low at approxi-
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mately 45% (3-4, 59). Many interventions to persuade healthcare professionals to im-
prove compliance have been tested, such as education and information, performance
feedback, adjusted sinks, and introduction of new soap or hand rub (4). Regrettably
they seem to be effective at the short term only. The effectiveness of other interventions,
such as use of opinion leaders and mass media campaigns, remains unclear (4, 60).
One study regarded the effectiveness of multifaceted interventions as promising (4);
others, however, reported modest effects of multifaceted interventions (61). Therefore,
we cannot but conclude that we are lacking a true evidence-based or gold-standard
implementation technique to alter healthcare professionals’” hygienic behavior (62).

OUTLINE OF THE THESIS

To alter healthcare workers hygienic behavior is a challenge, but needed for patient
safety (25, 54). The overall challenge is to persuade them to act according to the hy-
gienic guidelines and retain this behavior on the long term to ensure durable infection
prevention effects.

This problem-driven thesis intends to contribute to building empiric evidence for the
implementation of effective interventions aimed to reduce BSls in infants admitted to
a NICU.

The aims of this thesis are:

1. To investigate effective non-pharmacological preventive measures to reduce noso-
comial BSls in VLBW infants.

2. To evaluate whether a multifaceted hand hygiene promotion program would alter
hand hygiene practises and change nosocomial BSI rates.

3. To evaluate the utility of electronic devices to measure the frequency of hand disin-
fection.

4. To study whether gain-framed screen savers messages change hand hygiene behav-
ior.

5. To determine the effect of multiple interventions aimed to improve hand hygiene
and reduce nosocomial BSls.

6. To develop a children’s hospital wide strategy for a CVC care bundle implementa-
tion.

This thesis is divided into three sections.

Part I: Challenges. Prevention of nosocomial infections has challenged the medical
world for decades. Two letters to the editor will introduce the outline of the thesis.
In an editorial we claim that infection prevention needs joint efforts of all healthcare

15
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professionals involved in patient care (chapter 2). Healthcare professionals are held
to update their knowledge on infection prevention and act accordingly. Chapter 3
discusses the need for repeated hand hygiene education to improve hand hygiene
adherence and calls for a sense of accountability regarding infection prevention among
healthcare professionals. Chapter 4 is a literature review about the effectiveness of
non-pharmaceutical interventions to reduce the number of nosocomial BSls at a NICU.

Part II: Interventions and tools. This section presents three studies. The first study in
chapter 5 showed the effectiveness of a multifaceted hand hygiene promotion program
on hand hygiene compliance and the incidence of nosocomial BSls. Chapter 6 deals
with the utility of an electronic device that counts the frequency of actuations of hand
alcohol dispensers; this device could be used supplementary to observations of hygienic
behavior. The effect of screen saver messages on hand disinfection is presented in chap-
ter 7. Finally, the long-term effect of sequential hand hygiene-promoting interventions
on nosocomial BSls is analyzed and longitudinal trends in causative pathogens for BSls
are discussed in chapter 8.

Part Ill: Discussion. The general discussion section in part Ill presents a research pro-
tocol (chapter 9) as a directive for further research to implement effective hospital-wide
guidelines. The main findings of this thesis and recommendations for further research
are provided in chapter 10. Finally, the findings are summarized in chapter 11.
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Critically ill patients, regardless of their age, are often subject to hospital-acquired infec-
tions. The risk of iatrogenically acquired infection while in intensive care unit (ICU)
is extremely high. This risk cannot be reduced without an ‘all for one” approach by
professionals to reduce infections.

Life-saving central venous catheters (CVC’s) are widely used in critical care settings.
Unfortunately, these devices are often the cause of catheter related bloodstream infec-
tions (CRBI) in patients. CRBI significantly contributes to high rates of mortality and
morbidity, increase in length of stay and consequently increase in the healthcare costs.
Critically ill children and infants are a particularly vulnerable population in hospitals
to acquire bloodstream infections because of the immature or impaired host defense,
invasive procedures, suppressed immune systems and other causes. Bloodstream infec-
tions in the pediatric ICU (PICU) varied from 3.5 to 8 infections per 1000 catheter days
(1-3). In Neonatal ICU (NICU), a study documented that the infection rates in infants
vary per birth weight and rage from a median of 4.4 (birth weight > 2500 g) to a median
of 12.8 (birth weight < 1000 g) infections per 1000 catheter days (4). The lower the
birth weight and gestational age at birth, the higher the risk of infection and extremely
low-birth weight infants (below 1000 g) developed up to 43% CRBI (5).

Various strategies have been initiated to reduce nosocomial infections. The report To
Err is Human (6) and the Surviving Sepsis Campaign (7) contributed to raising healthcare
professions’ awareness of their role in reducing iatrogenic infection. Subsequently, a
variety of projects to reduce nosocomial infections in critical care have been initiated,
such as practice reviews, clinical guidelines and studies on the effectiveness of specific
clinical practice. The Michigan Health and Hospital Association Keystone Center for
Patient Safety and Quality Keystone ICU project, evaluating the effects of five Centers for
Disease Control and Prevention (CDC) recommendations is one of the most recent ini-
tiatives in the fight against CRBI (8). The recommendations are hand-washing, use of full
barrier precautions, use of chlorhexidine for skin cleaning, avoiding the femoral site for
catheter insertion and prompt removal of unnecessary lines. This bundle of interventions
resulted in a reduction of catheter related infections in adult intensive care patients from
2.7 infections per 1000 catheter days at baseline to zero infection per 1000 catheter
days measured at 3 and 18 months post-intervention.

A reduction of CRBI to zero infection per 1000 catheter days has not been achieved
in eider the NICU or PICU population. The challenging question remains, is zero CRBI
per 1000 catheter days a realistic goal? Pronovost et al. suggest this is not unrealistic if a
simple bundle of interventions are implemented, citing the findings that the majority of
infections arose from insertion and removal of CVCs (9). However, the majority of these
findings do not rule out other cause of infections. The CDC recommends appropriate
hand hygiene to be observed in all activities relating to CVC handling to avoid cross-
infections (10-11).



Reduction of catheter related bloodstream infections in intensive care: one for all, all for one?

In many studies hand washing has been emphasized instead of hand disinfection.
Current evidence suggests hand disinfection, by the use of an alcohol solution, is
for more effective, less time consuming and applicable compared to hand washing
(12,13). Hand washing followed by hand disinfection is recommended when undertak-
ing an asceptic technique or invasive procedure such as handling a CVC [International
Federation of Infection Control (IFIC) 2009] (14).

For critical care nurses, CVC handling is part of their daily care and therefore it is
the nurses’ responsibility to maintain a clean CVC insertion site (15). Knowledge of the
current evidence is only one part of the chain to prevent nosocomial infections. Aware-
ness is not enough; critical care nurses need to act according to recognized guidelines
if they are to reduce the incidence of CRBI.

A recent study on European intensive care nurses’ illuminated poor knowledge of the
guidelines for preventing CVC related infections (15). A convenience sample of 3405
European intensive care nurses’ knowledge was tested using a 10-item survey regarding
CVC related infection prevention. The results of this knowledge test were generally
poor, although the knowledge scores were significantly better for experienced nurses
and those working in smaller ICUs.

Several strategies might increase the knowledge concerning CDC guidelines of CVC.
They include:

More emphasis on infection prevention in the critical care curriculum and continu-
ing education programmes (15);

Experienced nurses emphasizing infection prevention strategies during bed-side
training of student nurses and junior staff and finally;

By increasing compliance with infection prevention protocols specially designed
for the care of CVC lines (16).

Initiatives for improvements to save the lives of our patients have been addressed by
many colleagues and education seems one of the keystones for success (17). How-
ever, educational programmes that solely focus on theory without addressing behavior
change in practice will not accomplish the ultimate goals. All healthcare practitioners
working in adult, pediatric and neonatal ICUs need to consider how they can change
their practice to reduce CRBI.

The phrase ‘Yes We Can’ has moved a whole nation lately. These encouraging words
might inspire the critical are workforce to take action to decrease nosocomial infec-

tions.
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In response to Vandijck and colleagues’ comment (1) on our editorial (2) concerning the
improvement of hand hygiene in order to decrease infection rate in patients, we would
like to raise the following issues. Vandijck and colleagues argue that registered criti-
cal care practitioners and undergraduate nursing students should receive appropriate
education in hand hygiene techniques. We agree that knowledge and competence in
hygienic practices should be established from the start of a nursing career. However, we
doubt that the intervention suggested by Vandijck and colleagues is sufficient to achieve
the desired outcome of improved adherence to hand hygiene. This is supported by a
study observing nursing students illustrating an improbable level of compliance with
hand hygiene (3). Healthcare professionals have to change their attitude and behavior
towards proper hand hygiene before every patient contact at any time. The challenge is
improving hand hygiene compliance. In this perspective, two issues related to changing
attitude of critical care nurses are worthy of further elaboration.

The first issue is related to compliance with hand hygiene technique over time. A
systematic review concluded that there was no convincing evidence on the effective
interventions to increase hand hygiene compliance (4). One observational study,
measuring the impact of an educational programme on intensive care professionals’
hand washing compliance, documented a decline in performance over four repeated
measures, taken after the initial educational intervention at 5, 11, 13, and 24 months
respectively. Among nurses the effect was diminished from 90%, 71%, 84%, to 58%,
and among physicians it was diminished from 85%, 76%, 74%, to 68% (5). In contrast,
a randomized control trial observed a sustained effect over a 4-month period in the
experimental group who received a comprehensive teaching course while the control
group showed no improvement (6). However, this study did not report on the validity of
the observational tool nor the inter-rater reliability among the three observers. Despite
the promising results, it can be argued that the Hawthorne effect might have effected
the time-series observations. The question is, ‘would proper hygiene recommendations
be sustained without an observer effect?” Such research would demand a covert ob-
server role, the ethics of which could be highly contested. Rather than seeking research
answers to this question perhaps we should turn our attention to practice development
activities. We should strive for total adherence to the evidence-based recommendations
of hand hygiene to achieve full compliance with hand washing and we argue that this
can be achieved by repeated unit-based educational activities to raise staff awareness
that ultimately improves patient care.

The second issue concerns changing healthcare professionals’ attitude towards
healthcare-associated infections (HAI). Once a patient has an infection, the challenge is
not only to treat a HAI with antibiotics but rather ask yourself -and question others- why
has this patient got an infection? Did we strictly follow the infection prevention proto-
cols? Could | have contributed to prevent this infection? Did | empower colleagues to



Undergraduate nurse students’ education in infection prevention

work according to the standard guidelines? Did | point out to my colleagues when he/
she did not perform according to the hygienic guidelines? In fact, we should become
curious to the cause of every infection occurred in our patients. Such inquiry should be
an essential part of the critical care team clinical reviews. We contest that every HAI is
now seen as a nursing/ medical error.

The Medicare Program in the USA aims to accelerate the improvement of patient
safety by withholding funding to hospitals where it is deemed that patient infection
could have been reasonably prevented by using evidence-based guidelines (7). The
issue will be in how ‘reasonable preventative measures’ are to be interpreted. In this
example we can see how healthcare finance has prompted a strategy to motivate
healthcare professionals to prioritise patient safety in this area (8). Regardless of what
kind of sanctions is proposed, we believe that changing attitude might be the ultimate
goal for success.

Vandijck and colleagues (1) stated that education on evidenced-based recommen-
dations alone does not improve infection prevention. We believe that collaborative
efforts are needed in all education nursing programmes, including specialised critical
care courses to achieve this outcome. Furthermore, ongoing unit-based education
programmes focussing on changing reactive attitudes to proactive behaviors might be
the decisive intervention to achieve reduction in hospital-acquired infections.
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ABSTRACT

Background: Bloodstream infections are associated with increased morbidity and
mortality in very low birth weight infants admitted to neonatal intensive care units.
Objective: To evaluate the available evidence for the effectiveness of non-pharmaco-
logical bloodstream infection-preventive measures in infants admitted to a neonatal
intensive care unit.
Design: A systematic review of randomized, controlled trials, controlled clinical trials,
interrupted time series, and pretest-posttest studies.
Data sources: PubMed, CINAHL, Web-of-Science, Cochrane Central Register of Con-
trolled Trials, and Embase were searched.
Review methods: The systematic review was carried out according to the guidelines of
the Center for Reviews and Dissemination. The methodological quality of the individual
studies was evaluated with the quantitative evaluation form of McMaster University. The
review included randomized, controlled trials, controlled clinical trials, interrupted
time series, and pre-posttest studies published from January 1990 to January 2011.
Quantitative pooling of the results was not feasible due to the high heterogeneity of
the interventions, methods and outcome measures. Instead, we present the studies in
tabular form and provide a narrative account of the study characteristics and results.
Results: Fifteen studies out of 288 generated hits were selected and categorized as
research on: hand hygiene (5), intravenous (IV) bundles (4), closed IV sets/ patches/
filters (4), surveillance (1), and percutaneously inserted central catheter teams (1). IV
bundles including proper insertion and proper maintenance showed to be the most
effective intervention for preventing bloodstream infection in infants; in three out of
four studies on IV bundles, a statistically significant reduction of bloodstream infections
was mentioned.
Conclusions: Although the methodological quality of most studies was not very robust,
we conclude that IV bundles may decrease bloodstream infections in infants. However,
differences in IV bundle components and in practices limited the underpinning evi-
dence. There is limited evidence that the introduction of a percutaneously inserted cen-
tral catheter team results in bloodstream reduction. Hand hygiene promotion increases
hand hygiene among healthcare workers, but there is inconclusive evidence that this
intervention subsequently leads to a bloodstream infection reduction in infants. Future
studies must be well designed, with standardized outcome measures.

What is already known about the topic?
Infants admitted to neonatal intensive care units are at increased risk for blood-
stream infections.



Effectiveness of non-pharmacological interventions for the prevention of BSIs

Previously designed preventive measures do not unanimously reduce the number of
bloodstream infections.

What this paper adds
IV bundles may effectively reduce bloodstream infections in infants.
A ‘percutaneously inserted central catheter’ team is promising; however, additional
studies are needed to confirm this finding.
Hand hygiene promotion programs improve hand hygiene compliance; however,
there is inconclusive evidence that this intervention subsequently leads to a blood-
stream infection reduction in infants admitted to neonatal intensive care units.

INTRODUCTION

Bloodstream infections are a major health threat to hospitalized patients worldwide
(1-3). Infants admitted to neonatal intensive care units are at increased risk for blood-
stream infections. In particular, very low birth weight infants (< 1500 g) are at risk
for bloodstream infections due to their compromised immunological defense systems
and multiple invasive procedures. Neonatal bloodstream infections are acquired dur-
ing hospitalization and, according to the Centers for Disease Control and Prevention
(CDCQ), are defined as bloodstream infections starting at least 48 hours after birth (4) or
at least 72 hours after admission (5-6).

The incidence of bloodstream infections among very low birth weight infants in
different neonatal intensive care units ranges from 11% to 53% (1, 7-8). Very low
birth weight infants affected by bloodstream infections are at higher risk for chronic
lung disease (1), periventricular leukomalacia (3), necrotizing enterocolitis (1), severe
retinopathy of prematurity (1), poor neurodevelopmental outcomes (3), prolonged
hospitalization (9), and death (10). In Europe, the additional costs of one bloodstream
infection in a neonatal intensive care unit are €11.750 (9), and in the United States of
America, the costs can be as much as $25.090 (= €17.469) (11).

Various interventions to reduce bloodstream infections in infants have been studied,
with their focuses on healthcare professionals” hands (e.g., the improvement of compli-
ance with hand hygiene protocols, the use of gloves, the introduction of hand alcohol),
the usage of intravenous (IV) devices (e.g., closed IV administration devices, the intro-
duction of IV teams, IV care bundles) or ‘other aspects’ (e.g., multimodal interventions,
neonatal intensive care unit design, and feeding the infant with human milk). However,
the results of these studies have not been unanimous, and a recent systematic overview

of the effectiveness of various interventions is lacking.
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Objective

The objective of this review is to present a systematic overview of the available evi-
dence for the effectiveness of non-pharmacological bloodstream infection-preventive
measures in infants admitted to a neonatal intensive care unit.

METHODS

Study design

To conduct this systematic review, the ‘Center for Reviews and Dissemination Guid-
ance for Undertaking Reviews in Health Care’ (CRD, 2009) was used. The review team
(OH and AvdH) a priori adapted this protocol to the study purposes, and post hoc
changes were not made. The advisory group (RK, CdB, MV) critically commented on
this adjusted review protocol and later discussed the findings presented in this paper.

Study identification

To list all possibly relevant studies that may have met the inclusion criteria, the following
databases were searched from January 1990 to January 2011: PubMed, CINAHL, Web-
of-Science, Cochrane Central Register of Controlled Trials, and Embase. The following
keywords were identified if they appeared in the title or abstract: ‘nosocomial infec-
tion’, ‘infection prevention’, ‘infant’, and ‘cross-infection’. For example, we used the
following syntax for the PubMed search: (cross infection/pc[mesh] OR ((infectio*[tw]
OR pathogen*[tw]) AND (crosstw] OR transmiss*[tw] OR nosocom*[tw] OR
hospital*[tw]) AND prevent*[tw])) AND (blood-born*[tw] bloodborn*[tw] OR blood-
stream*[tw] OR bloodstream*[tw] OR catheter-relat*[tw] OR catheterrelat*[tw] OR
catheter-associat*[tw] OR catheterassociat*[tw]) AND (infan*[tw] OR newborn*[tw]
OR neonat*[tw]) AND (newborn intensive care unit*[tw] OR neonatal intensive care
unit*[tw]). In the second phase, reference lists of the relevant studies were screened to
retrieve additional literature. Furthermore, we contacted three international experts in
the field of bloodstream infections prevention in neonatal intensive care unit settings
and asked them to add potential relevant literature to our compiled list.

Inclusion/exclusion criteria

Studies were considered for inclusion if they met the following criteria: (a) reporting on
non-pharmacological interventions aimed to reduce bloodstream infections; our pri-
mary outcome of ‘reduction of bloodstream infections” was expressed as bloodstream
infections per 1000 patient days or bloodstream infections per 1000 catheter days;
(b) using a randomized, controlled trial (RCT) design; controlled clinical trial design;

interrupted time series having observed at least three data points in the pre- and post-
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intervention period (12); or pretest-posttest design; (c) reporting on primary research;
(d) undertaken in a neonatal intensive care unit; and (e) published in English, French,
German, Spanish, Portuguese, or Dutch. Excluded were studies with mixed patient
groups that did not allow for subgroup analyses.

Screening of study eligibility

The members of the review team independently decided whether the studies were
eligible using an evaluation form based on the inclusion and exclusion criteria. Dis-
agreements were solved by discussion until a consensus was reached. In case one of
the authors’ own work (OH or AvdH) had to be screened, a member of the advisory
group (CdB) replaced that reviewer to avoid potential assessor bias.

Data extraction

This review presents the study design, setting and patient characteristics, (co-)inter-
ventions, outcome measurements, conclusions, comments, and quality assessments
from the articles that were considered to be eligible. The members of the review team
independently extracted these data by using the standard extraction form, conforming
to the guidelines of the Center for Reviews and Dissemination. Discrepancies between
the reviewers were resolved through discussion until a consensus was obtained.

Quality assessment

The members of the review team independently appraised the design, methods and
outcomes reported in each selected article by using the McMaster tool for quantita-
tive studies (13). The assessment tool had 15 criteria that assess the study quality. The
reviewers scored ‘yes’ if the concerning criterion was met or ‘no’ if the criterion was
insufficiently met. Each ‘yes’ generated one point, with a maximum of 15 points. This
quality assessment included the following items: Was the study purpose stated clearly?
Was relevant literature reviewed? Was the design appropriate for the study question?
Was the sample described in detail? Was the sample justified? Were the outcome
variables valid and reliable? Was the intervention described in detail? Were contamina-
tion in the intervention group and co-intervention group avoided? Were the results
described in terms of statistical significance? Were the analysis methods appropriate?
Was the clinical importance reported? Were dropouts reported? and Were the conclu-
sions appropriate given the study methods and results?

Data analysis and evidence synthesis

Given the heterogeneity of the interventions, methods and definitions of bloodstream
infections, it seemed unfeasible to pool the results in a meta-analysis. Instead, we
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present a detailed, narrative account of the study characteristics, designs, settings, and
effectiveness of the interventions.

The strength of evidence was determined using an assessment tool adapted from
Gartner et al. (14). Six levels of evidence were distinguished based on the study de-
sign, the number of tested relationships per theme, and the proportions of statistically
significant results. The levels of evidence were: (1) strong evidence, i.e., statistically
significant results among 50% of the tested relationships in longitudinal studies; (2)
moderate evidence, i.e., statistically significant results in cross-sectional studies; (3)
limited evidence, i.e., statistically significant results in one study; (4) expert evidence,
i.e., an indication from one or more narrative reviews; (5) inconclusive evidence, i.e.,
statistically significant results in a cross-sectional study and 50% of the relationships
or less were statistically significant; and (6) inconsistent evidence, i.e., statistically
significant results were found, but they were in different directions.

RESULTS

Selected studies

The electronic database search yielded 288 manuscripts. The initial selection by the
review team, based on titles and abstracts, included 33 manuscripts that seemed to
fulfill the pre-defined criteria; if the abstract did not provide sufficient data to determine
eligibility, then the full manuscript was reviewed. Additionally, reference lists of these
33 manuscripts were screened for new relevant titles, and this step retrieved two stud-
ies; one is included in this review (15), and one did not meet the inclusion criteria (16).
After closer inspection by reading the full manuscripts, 20 of these 35 articles did not
meet the inclusion criteria, and were therefore excluded (six reviews, four descriptive
papers, two epidemiological articles, and eight remaining articles). Finally, 15 studies
describing interventions among 7526 infants met the inclusion criteria for the system-
atic review (Figure 1). The details of the 15 included studies are presented in Table 1.

Interventions in the selected studies with regard to bloodstream infection reduction
could be categorized by intervention type: improving compliance with hand hygiene;
IV bundles (e.g., proper central venous catheter (CVC) insertion, aseptic preparation,
and the administration of 1V medication/ fluids); devices (e.g., IV filter, aseptic patch,
or closed IV sets); the provision of information concerning the infection rate; and the
installation of a ‘percutaneously inserted central catheter’ team.

There was no general consensus concerning the definition of bloodstream infection
in the selected studies. Some used the definition of the CDC’s National Healthcare
Safety Network (17-22), while others used the definition according to Stoll et al. (8, 23),
the definition of the National Nosocomial Infections Surveillance (15) or other alterna-
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Figure 1. Flowchart of the inclusion process.
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tives (24-28). Additionally, in four studies (18, 20, 24, 28), there was no distinction

made between late-onset and early-onset sepsis.

Quality assessment

The quality of the included studies varied, and none of the studies fulfilled all 15 quality
criteria. One study had a ‘quality score” between 12 and 15 (17), eight studies received
a score from eight to 11 (15, 20, 22-26, 28), and six studies received a score of seven
or less (18-19, 21, 27, 29-30). Frequently observed weaknesses were a lack of power
analysis, a low number of studied infants, the absence of a clear statement concerning
how contamination was avoided, and a lack of reporting of the clinical importance of
the results. Table 2 provides a detailed overview of the included studies’ quality.

Study description

Hand hygiene promotion
Five studies evaluated the impact of hand hygiene promotion programs on the number
of bloodstream infections per 1000 CVC days or on the number of bloodstream infec-
tions per 1000 patient days.

Helder et al. studied the impact of a hand hygiene promotion program on compliance
with hand hygiene protocols and the subsequent reduction of bloodstream infections
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per 1000 patient days (23). The authors performed a single neonatal intensive care unit
trial with repeated pre- and posttests and an interrupted time series design. Healthcare
workers in the experimental group received an education program, including individual
performance feedback on hand disinfection, while healthcare workers in the control
group did not receive this education. A bloodstream infection in a very low birth weight
infant was defined as a positive blood culture, obtained = 72 h after admission and
C-reactive protein > 10 g/L (8). The compliance with hand hygiene statistically signifi-
cantly improved, from 65% to 88% (p < 0.001). In addition, the median (interquartile
range) amount of hand alcohol solution used for bedside hand disinfection increased
from 40 mL/day/patient (25-56) to 54 mL/day/patient (40-71) (p < 0.001). This improved
hand hygiene resulted in a reduction of 17.3 bloodstream infections per 1000 patient
days to 13.5 bloodstream infections per 1000 patient days (p = 0.03).

In a pre- and posttest design, Lam et al. compared hand hygiene and the minimal
handling of infants with hand washing with water and soap combined with the
conventional handling of infants (15). The patient characteristics were not reported.
Bloodstream infection was defined according to the National Nosocomial Infections
Surveillance system: blood culture confirmed in presence of a CVC within 48 hours of
the onset of infection (31), with an unreported minor modification. Compliance with
hand hygiene improved from 40% to 53% (p < 0.001), and the number of bloodstream
infections decreased, although not statistically significantly, from 6.8 to 1.2 bloodstream
infections per 1000 CVC days (p = 0.16).

Larson et al. compared antiseptic soap and hand alcohol for their effectiveness on
hand disinfection (29). This multi-center, crossover study was performed in two neonatal
intensive care units. All infants with a CVC were included, and bloodstream infection
was defined according the National Nosocomial Infections Surveillance definition. The
bacterial colonization on the hands of nurses during both interventions was not differ-
ent (mean log,, counts 3.21 vs. 3.11; p = 0.38). There were no statistically significant
differences between bloodstream infections in the two interventions (14.8 bloodstream
infections per 1000 CVC days and 18.2 bloodstream infections per 1000 CVC days,
respectively; p = 0.94).

Pessoa-Silva et al. studied the impact of hand hygiene promotion on healthcare work-
ers’ compliance by comparing a baseline assessment with both a post-intervention
assessment and admitted to the neonatal intensive care unit were included, and blood-
stream infection was defined according to the CDC (17). The results demonstrated that
compliance with hand hygiene improved in the follow-up (49%, 48%, and 61% for
baseline, intervention, and follow-up respectively; p-value not reported). Bloodstream
infections decreased from 5.1 bloodstream infections per 1000 patient days to 3.1
bloodstream infections per 1000 patient days; p-values were not reported.
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Rogers et al. compared the efficacy of a hand hygiene education program with an
unclearly reported baseline intervention (19). In this multicenter study with a pre-
and posttest design, only very low birth weight infants were included. Bloodstream
infection was defined according to the National Nosocomial Infection Surveillance.
Self-reported compliance with hand hygiene improved from 24% to 53%; no p-values
were reported. Bloodstream infections decreased from 31 bloodstream infections per
1000 CVC days to 19 bloodstream infections per 1000 CVC days; p-values were not
reported.

In sum, there is strong evidence that hand hygiene promotion programs may result in
increased compliance with hand hygiene among healthcare workers. There is limited
evidence that improved adherence to hand hygiene protocols subsequently leads to
a statistically significant reduction of bloodstream infections per 1000 CVC days or
bloodstream infections per 1000 patient days. Only one study reported a statistically
significant decline in bloodstream infections.

IV bundle introduction

Four papers described the effects of the introduction of IV bundles on the reduction of
bloodstream infections per 1000 CVC days or bloodstream infections per 1000 patient
days.

Aly et al. compared the effect of an IV bundle (closed IV medication system, 1V
access for medication only once per 24 h, sterile tubing change by two nurses and daily
change of dressing) with an open stopcock medication system with conventional care
(24). This multicenter (16 neonatal intensive care units) study was performed using a
pre- and posttest design. Infants admitted to the neonatal intensive care unit with a birth
weight < 2500 g were included, and bloodstream infection was defined as a positive
blood culture and antibiotics for more than 72 h. In the control group, 15.2 blood-
stream infections per 1000 CVC days occurred, whereas in the intervention group, 2.1
bloodstream infections per 1000 CVC days occurred (p < 0.001).

Bizzarro et al. compared a bundle of IV improvements (proper CVC placement,
hand hygiene lessons, skin disinfection with povidone-iodine in 70% alcohol, dressing
replaced on indication only, the daily evaluation of the need for CVC removal, surveil-
lance discussed among staff) with standard care (22). In this single-center study with a
pre- and posttest design, all infants admitted to the neonatal intensive care unit with a
CVC were included. The National Healthcare Safety Network definitions of sepsis were
used, or the bloodstream infection was a laboratory-confirmed bloodstream infection
with coagulase-negative staphylococci. Bloodstream infections decreased from 8.4
bloodstream infections per 1000 CVC days in the control group to 1.7 bloodstream
infections per 1000 line days in the intervention group; the mean difference was -6.73
days (95% Cl -9, -4.46).



Effectiveness of non-pharmacological interventions for the prevention of BSIs

Sannoh et al. compared a multimodal intervention (CVC database, instruction DVD:
nine steps of catheter hub care, hand hygiene and non-sterile gloves, CVC cart in every
room, and CVC dressing change when soiled) with custom care without education
using a pre- and posttest design in a single center study (20). All infants admitted to the
neonatal intensive care unit with a CVC were included. CDC guidelines were used to
define bloodstream infections. Bloodstream infections in infants with percutaneously
inserted central catheter lines decreased from 23 infections per 1000 catheter days in
the control group to 12 infections per 1000 catheter days in the intervention group
(OR 0.33, 95% C1 0.12, 0.91). Bloodstream infections in infants with umbilical arterial
catheters and umbilical venous catheters decreased from 15 per 1000 catheter days in
the control group vs. 5 per 1000 catheter days in the intervention group (OR 0.47 95%
Cl10.17, 0.91).

Wirtschafter et al. compared the impact of a multimodal 1V bundle (consisting of
five features: developing leadership commitments, describing potential best practices,
developing collaborative processes between members, developing audit and feedback
processes and teaching quality improvement techniques) with unspecified custom care
as applied before introduction of the IV bundle (21). This multicenter study (13 neonatal
intensive care units) was performed using a pre- and posttest design. The characteristics
of the admitted infants were not specified, and the CDC definition of bloodstream
infection was used. The number of catheter related bloodstream infections was reduced
by 25%, from 4.32 to 3.22 per 1000 catheter days; p-values were not reported.

In sum, there seems to be evidence that IV bundles may decrease bloodstream infec-
tions per 1000 patient days or per 1000 CVC days in infants admitted to the neonatal
intensive care unit. However, the IV bundle components were different in the studies
under review and contradictory; e.g. the daily dressing change in one study or dressing
change on indication only in another study. Therefore, the effectiveness of the indi-
vidual components has to be assessed before clear recommendations can be provided.

Introduction of 1V devices (filter, dressing, closed 1V set)
Four studies tested utilization of different IV devices.

Van den Hoogen evaluated the effect of in-line filters in central venous catheters in
a randomized, controlled trial (28). All admitted infants were randomized either to the
no filter control group or to the in-line filter intervention group. Bloodstream infections
per 1000 catheter days, nursing time and costs were assessed. Sepsis was defined as a
positive blood culture and the presence of clinical signs (not further defined) of sepsis.
Bloodstream infections occurred in 16.3% of infants without filters and in 16.2% of
the infants with in-line filters. Using in-line filters in central venous catheters did not
decrease bloodstream infections (p = 0.65).
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Khattak et al. studied systemic silver absorption by using silver-impregnated alginate
central catheter dressings in very low birth weight infants, and additionally, bloodstream
infections were monitored. Bloodstream infection was defined as bacterial or fungus
growth in a single blood culture (26). In this randomized, controlled trial, each patient
was assigned either to the standard dressing control group or to the silver alginate
dressing group. Serum silver concentrations were obtained on days 1, 7 and 28. Serum
silver concentrations in the treatment group were statistically significantly higher than
among the controls, although below toxic levels. The silver alginate group had a 45.8%
reduction of bloodstream infections per 1000 CVC days, although too few patients
were enrolled (n = 25/ group) to draw meaningful conclusions.

Reiter et al. evaluated the effects of a closed drug-delivery system on the incidence
of bloodstream infections, and catheter related bloodstream infections were evaluated
in a multicenter, prospective cohort study (18). Site A used a closed drug-delivery
system, while site B used an open drug-delivery system. The bloodstream infection rate
was assessed in all infants admitted for > 7 days at the neonatal intensive care unit.
Only infants with a percutaneously inserted central catheter or Broviac catheter were
included. Bloodstream infection was defined using the CDC and National Nosocomial
Infections Surveillance criteria. There was no statistically significant difference in the
rate of bloodstream infections per 1000 catheter days between the two sites (16.2
39 vs. 8.9 £24; p = 0.054). The closed drug-delivery system failed to reduce the
incidence of bloodstream infections; however, the patient characteristics of both sites
were statistically significantly different with respect to gestational age and birth weight,
and therefore it was difficult to draw conclusions about the effectiveness of the closed
drug-delivery system.

Urrea Ayala and Rozas Quesada studied a new protocol for manipulation, including
maintenance of CVCs and introduction of catheters with proximal sealed connections
(27). This single center study was performed on different patient groups, including
infants, and a pre- and posttest design was used; the characteristics of the admitted
infants were not specified. Bloodstream infection was defined as the occurrence of
fever and a positive blood culture. After the introduction of the protocol, proximal
sealed connectors were used in 95% of cases, and 85% of the CVCs were labeled with
the date of insertion, as prescribed in the protocol. The bloodstream infection rates per
1000 catheter days before and after the start of the new protocol were 24.6 and 18.0,
respectively; no p-values were reported.

In sum, compliance to the introduced protocols was demonstrated in only one study.
There is insufficient evidence that the three devices evaluated effectively reduced

bloodstream infections in infants.
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Provision of information concerning the infection rate and introduction of a
‘percutaneously inserted central catheter’ team

The two remaining studies did not fit into the previous intervention themes and are
discussed separately below.

Leboucher et al. studied the effectiveness of a nosocomial infections report, includ-
ing epidemiologic, bacteriologic, and sensibility information, which was published
monthly (30). In this single center study with a pre- and posttest design, all infants
admitted to the neonatal intensive care unit were stratified according to gestational
age and birth weight. Bloodstream infection was defined according to the criteria of
‘du réseau Reaped’ a Network of French neonatal intensive care units and special care
nurseries (32). Bloodstream infections per 1000 patient days decreased from 3.4 to 1.4,
and bloodstream infections per 1000 CVC days decreased from 11.3 to 5.2; p = 0.08.
The reduction was, however, statistically significant in two subgroups (infants < 1000 g
and infants with a gestational age of < 28 weeks).

Golombek et al. studied the effectiveness of a ‘percutaneously inserted central
catheter’ team on bloodstream infections in extremely low birth weight infants (<
1000 g) (25). The ‘percutaneously inserted central catheter’ team assessed the need for
percutaneously inserted central catheter placement and removal, inspected the dress-
ing on a daily basis, and replaced the dressing before the disruption of sterility could
occur. In this single center study with a pre- and posttest design, all extremely low birth
weight infants with a peripherally inserted central catheter were included. Bloodstream
infection was defined as clinical signs of infection and a positive blood culture requir-
ing antibiotics. After the introduction of the ‘percutaneously inserted central catheter’
team, bloodstream infections decreased from 15.8 bloodstream infection per 1000
CVC days to 5.1 bloodstream infection per 1000 CVC days; p < 0.05.

In sum, there was inconclusive evidence that the provision of information concerning
the infection rate alone could reduce bloodstream infections, and there was limited
evidence that the introduction of a ‘percutaneously inserted central catheter’ team
could effectively reduce the number of bloodstream infections in extremely low birth
weight infants. However, the authors did not report adherence.

DISCUSSION

This systematic evaluation of the available evidence for the effectiveness of non-
pharmacological bloodstream infection preventive measures in infants admitted to a
neonatal intensive care unit shows that, until now, there has been no evidence for a
‘gold standard bloodstream infection-preventive intervention’ that could be effectively
applied to all categories of infants and in all settings. Our results suggest that there is
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limited evidence that IV bundles, including proper insertion and proper maintenance,
and limited evidence that the introduction of ‘percutaneously inserted central catheter’
teams may effectively reduce bloodstream infections in infants; the evidence for hand
hygiene in this respect is limited as well.

Consistency of the results

Our review shows that the introduction of IV bundles may be an effective non-phar-
macological intervention for the prevention of bloodstream infections in the neonatal
intensive care unit. Within the different studies on IV bundles, the results were relatively
consistent. Four of the five studies showed that the introduction of IV bundles was
effective with respect to reduction of bloodstream infections. However, the consistency
of the results with regard to compliance with the IV bundle was reported in only one
study (20).

This finding is not in line with recently published reviews: three out of four non-
systematic reviews concluded that hand hygiene is the most effective measure in
infants (33-35). The non-systematic origin of these reviews may underlie the different
conclusions drawn regarding the most effective preventive measure. Furthermore, in
one non-systematic review, it was documented that infection prevention by IV manage-
ment, combined with hand hygiene, was the most effective measure to reduce blood-
stream infections (36). It should be recognized, however, that these authors a priori
hypothesized that preventive measures should be founded in IV management solutions.

In the ‘hand hygiene promotion” group, two studies evaluated more complex in-
terventions that combined hand hygiene with additional measures (i.e., an education
program and individual feedback or minimal handling) (15, 23); one study simply
compared water and antiseptic soap hand washing with alcohol hand disinfection
(29), and two studies solely evaluated hand hygiene promotion (17, 19). The results
from these studies showed marked improvement of compliance with hand hygiene;
in three of these studies, this improvement was statistically significant (15, 17, 23).
Hand hygiene promotion campaigns seem to be effective in increasing hand hygiene
adherence. The long-term effect was studied twice and showed a sustained effect of the
intervention (17, 23). A statistically significant positive effect of improved hand hygiene
on the reduction of bloodstream infections in infants admitted to the neonatal intensive
care unit was found in one study (23). In the remaining studies on hand hygiene, lower
bloodstream infection rates were found in the intervention groups, but the results were
not statistically significant (15, 29), or the significance was not given (17, 19). Although
the installation of promotion programs seems to improve compliance with hand hy-
giene, the positive effect on bloodstream infections among infants is weak, which is in
contrast with studies among adults showing that improved adherence to hand hygiene
statistically significantly reduced infection rates (37-38). In addition, an authoritative
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institution like the World Health Organization has stated that hand hygiene is the single
most important measure to prevent healthcare-associated infections (39-40).

Design and methods

This review highlights the lack of appropriately designed studies that use unambiguous
outcome measures. Studies should be designed according to the ORION statement,
which was designed to evaluate the effectiveness of infection prevention interventions
(41). The ORION statement emphasized the need for interrupted time series analysis,
which could determine the longitudinal effects of an intervention. Furthermore, power
analyses must be performed to ensure that the number of patients is large enough to
draw firm conclusions concerning effects.

Limitations

The limited number of eligible studies showed inconsistency in unambiguous descrip-
tion within the interventions such as IV bundles. In addition different bloodstream in-
fections definitions were used which also made comparison between the interventions
and the different studies difficult. Due to the lack of homogeneity among the study
populations, study designs, and bloodstream infection definitions, we were not able to
pool the data for meta-analysis. Second, two included studies were the authors’ own
work. This potential limitation with respect to quality assessment was solved by the
replacement of the concerned author by a member of the advisory group (CdB). Finally,
four studies did not report patient characteristics; therefore, generalization to other
patient populations was impossible.

Implications and suggestion for future research

Hand hygiene promotion is a safe and low-cost intervention that contributes to in-
creased hand hygiene and probably to bloodstream infection reduction; however,
the evidence for this intervention is still limited. There is moderately evidence that
the introduction of an IV bundle leads to bloodstream infection reduction in infants.
Certain devices do not seem useful in reducing the number of infections, e.g., closed IV
systems and IV filters. In addition, silver-impregnated patches may reduce bloodstream
infections; however, the limited number of enrolled infants hampered the ability to
draw a formal conclusion.

This review showed the urgent need for well-designed studies with standardized out-
come measures to improve evidence for potentially effective interventions. Therefore,
studies need to be designed according RCTs or interrupted time series, and they also
should evaluate compliance to the interventions. Outcome measures should include
bloodstream infections per 1000 CVC days, and studies should use widely accepted
standardized definitions of bloodstream infections suitable for infants cared for at neo-
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natal intensive care units to present unequivocal outcomes. The bloodstream infection
definition according the CDC is preferred as the standard definition. Furthermore, com-
parison between patient groups is more appropriate when patient characteristics are
described in a more standardized way, including at least gestational age, birth weight,
and the severity of illness. The severity of illness could be expressed by measurements
such as the Clinical Risk Index for Babies (CRIB) score and Apgar score (backronym:
Appearance, Pulse, Grimace, Activity, and Respiration). Studies that include all infants
admitted to the neonatal intensive care unit should also provide results of a subgroup
analysis of very low birth weight infants, which is accepted as an extremely vulnerable
patient subgroup. Additionally, an extended follow-up period is needed to measure the
potential washout effect of the intervention.

CONCLUSION

Methodological limitations, inconsistency in definitions and conflicting results impede
universal recommendations concerning the best bloodstream infection preventive
intervention in infants. Evidence was found for IV bundles, limited evidence was found
for ‘percutaneously inserted central catheter’ teams, and inconclusive evidence was
found for hand hygiene promotion programs to be able to prevent bloodstream infec-
tions. Further well-designed research is needed to confirm these findings.
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ABSTRACT

Background: Nosocomial bloodstream infections are a major cause of morbidity and
mortality in neonatal intensive care units. Appropriate hand hygiene is singled out as
the most important measure in preventing these infections. However, hand hygiene
compliance among healthcare professionals remains low despite the well-known effect
on infection reduction.

Objectives: We studied the effectiveness of a hand hygiene education program on the
incidence of nosocomial bloodstream infections.

Design: Observational study with two pretests and two posttest measurements and
interrupted time series analysis.

Setting: A 27-bed level IlID neonatal intensive care unit in a teaching hospital in the
Netherlands.

Participants: Healthcare professionals who had physical contact with very low birth
weight (VLBW) infants.

Methods: The study was conducted during a period of four years. Medical and nursing
staff followed a problem-based education program on hand hygiene. Hand hygiene
practices before and after the education program were compared by guided obser-
vations. The incidence of nosocomial bloodstream infections in VLBW infants was
compared. In addition, numbers of nosocomial bloodstream infections per day-at-risk
in very low birth weight infants were analyzed by a segmented loglinear regression
analysis.

Results: During 1201 observations hand hygiene compliance before patient contact
increased from 65% to 88% (p < 0.001). Median (interquartile range) drying time
increased from 4 s (4-10) to 10 s (7-14) (p < 0.001).

The proportion of very low birth weight infants with one or more bloodstream infec-
tions and the infection rate per 1000 patient days (relative risk reduction) before and
after the education program on hand hygiene intervention decreased from 44.5 to 36.1
(18.9%, p = 0.03) and from 17.3 to 13.5 (22.0%, p = 0.03), respectively.

At the baseline the nosocomial bloodstream infections per day-at-risk decreased by
+0.07% (95% CI -1.41, +1.60) per month and decreased with -1.25% (95% Cl -4.67,
+2.44) after the intervention (p = 0.51). The level of instant change was -14.8% (p =
0.48).

Conclusions: The results are consistent with relevant improvement of hand hygiene
practices among healthcare professionals due to an education program. Improved hand
hygiene resulted in a reduction in nosocomial bloodstream infections.
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What is already known about the topic?
Nosocomial bloodstream infections among very low birth weight infants contribute
to mortality and morbidity. These infections result in longer hospitalization.
The relatively high incidence of nosocomial infections can be reduced by improv-

ing hand hygiene compliance.

What this paper adds
A problem-based hand hygiene education program improved quantity and quality
(completeness of hand rubbing and drying time) of hand hygiene.
Hand hygiene around care for infants nursed in incubators was better than that for
infants nursed in cribs.
The program resulted in a reduction of nosocomial bloodstream infections.

INTRODUCTION

The survival rate of very low birth weight (VLBW) infants (< 1500 g) has improved over
the past decades. Consequently, a fragile population survives at high risk of nosocomial
bloodstream infections due to immature host defense and invasive procedures. The inci-
dence of nosocomial bloodstream infection among VLBW infants in neonatal intensive
care units (NICUs) worldwide varies between 11% and 53% (1-3). These infections are
associated with increased mortality and morbidity (4-5). In addition, infected infants
need to stay longer in hospital and utilize more resources than non-affected infants (6).
Compliance with hand hygiene protocols among healthcare professionals in NICUs is
recognized as one of the most important means of preventing hospital-acquired infec-
tions (7-8).

Nosocomial bloodstream infections are in part caused by horizontal transmission of
commensals or pathogens due to inappropriate hygiene practice (9). Various sources
have reported poor compliance among healthcare professionals. Therefore, the most
effective strategy to decrease nosocomial bloodstream infections is to improve hand
hygiene practices (9,12-13).

Researchers have tested a wide range of interventions and combinations of interven-
tions to improve hand hygiene (10, 14-17). The question whether a combination of in-
terventions would be more effective than a single intervention is still debated however.

The aim of the study reported here was to assess the impact of an education program
on compliance with hand hygiene and its influence on the incidence of nosocomial
bloodstream infections in VLBW infants. Additionally, differences for infants nursed in
incubators and cribs were determined.
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METHODS

Study design

We observed hygienic behavior as process outcome in a pretest design and infection
rates in an interrupted time series. The study was performed in the level [1ID NICU at
the Erasmus MC — Sophia Children’s Hospital in Rotterdam, the Netherlands, from
1 January 2003 to 31 December 2006. The multifaceted intervention comprised an
education program, encouragement of key players to perform correct hygienic behav-
ior, and effecting a culture shift to better hand hygiene. Hand hygiene compliance
was observed during two non-consecutive periods before (pretest 1 and 2) and two
non-consecutive periods after the intervention (posttest 1 and 2). The intervals between
the observation periods ranged from 4 to 6 months. Nosocomial bloodstream infec-
tions were continuously documented during 30 months prior and 18 months after the
intervention. The Erasmus MC Institutional Review Board approved the study.

This NICU is organised into three identical sub-units with nine beds each. Approxi-
mately 750 neonates are admitted annually. The clinical staff included 11 neonatolo-
gists, 9 residents, 102 nurses, 12 nursing assistants and 3 nurse practitioners.

Each sub-unit has two conveniently located hand washing sinks. Healthcare profes-
sionals wash their hands with plain soap first only when these are visibly soiled. They
are required, however, to rub hands with hand alcohol solution as a standard procedure
before and after patient contact activities (18). To this aim dispensers are available at
each bed, delivering an alcohol-based solution with ethanol 80% (Baktosept E, Bode
Chemie GmbH , Hamburg, Germany) at a maximum volume of 1.8 mL per actuation.
The manufacturer recommends a drying time of 30 s. The hospital infection control
guideline states that rings, wristwatches, and bracelets should be removed on entering
the unit. Healthcare worker uniform policies also recommend the wearing of short
sleeves.

During the study period the risk factor for nosocomial bloodstream infections re-
mained unchanged in that no other specific measures were implemented to prevent
infections.

Education program

Promotion of hand hygiene is a complex issue; it concerns perceptions of individual
staff among whom compliance with hand hygiene may vary. This suggests that indi-
vidual factors play a role in determining hygienic behavior (19-20). Therefore, a hand
hygiene education program was developed based on literature (8, 11-12). The educa-
tion program both had theoretical and practical orientation. It was offered in June 2005
to small groups of healthcare professionals at a time. All who came into contact with
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infants were obliged to participate. The program lasted 30 min and was structured as

follows:

1. Brief overview of the background of infection prevention;

2. Information on the documented incidence of nosocomial bloodstream infections
and its consequences. Furthermore, healthcare professionals were made aware of
their own poor overall compliance to hand hygiene, a strategy aimed to enhance
responsibility awareness and behavioral change;

3. Instructions for optimal hand hygiene procedures. These mainly focused on the
timing, the technique and completeness of hand rubbing (e.g. rubbing of the hand
back, rubbing the palm of the hand, wrists, finger tops and thumbs);

4. Performance feedback on personal hand hygiene practices. Completeness of hand
rubbing was assessed by UV-light after rubbing hands with fluorescent hand rub
solution. Only sufficiently rubbed parts will glow in UV-light; non-disinfected parts
remain dark;

5. Senior healthcare professionals were encouraged to improve social norms regard-
ing hand hygiene by serving as role models and encouraging junior healthcare
professionals to comply with hand hygiene protocols.

Data collection

Three researchers observed hand hygiene practices associated with patient contact
using a guided, structured self-designed observation tool. One of the items concerned
the nature of the procedure i.e. whether it as elective versus rescue and low-risk versus
high-risk. An elective procedure was defined as routinely planned contact; a rescue
procedure was defined as an immediately needed intervention. A low-risk procedure
was defined as skin contact not associated with invasive procedures, e.g. physical
examination or tube feeding (12). A high-risk procedure was defined as prolonged
patient skin contact and/ or invasive procedures such as inserting intravenous catheters
or endotracheal suction (12). In addition, hand disinfection, completeness of hand rub-
bing and the applied drying time were observed. The healthcare professionals were not
informed about the purpose of the observations.

Data were collected in each sub-unit for several 1-h periods from 8:00 AM to 10:00
PM on weekdays. Hand hygiene compliance before and after patient contact was
recorded. Failure to disinfect hands was recorded as noncompliance (12). To determine
the influence of the education program on the consumed amount of hand alcohol we
recorded the mean 1-week amount of applied hand alcohol per occupied bed during
two periods before and two periods after the education program.

Prior to the study the interobserver reliability had been assessed by using Cohen’s
Kappa. The mean Kappa was above 0.86 which indicates very good agreement.
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Nosocomial bloodstream infections

Nosocomial bloodstream infections were determined for 30-month periods prior to (1
January 2003 - 31 June 2005) and 18-month periods after (1 July 2005 — 31 December
2006) implementation of the education program. Nosocomial bloodstream infection
was defined as an infection occurring later than 72 hours after admission, at least one
positive blood culture and elevated C-reactive protein concentration (> 10 mg/L) (3).
The incidence rate was defined as the percentage of infants who had one or more
infections in those periods. We also determined the rate of infections per 1000 patient
days before and after the intervention.

Additionally, an interrupted time series (ITS) analysis on 2-month periods was per-
formed to determine the longitudinal effects of the hand hygiene education program
on the number of nosocomial bloodstream infections. The guidelines of the ORION
statement were adhered to Cooper et al. (21). Subsequent nosocomial bloodstream
infections in the same patient were defined as another infection when it was caused by
another pathogen according to the antibiogram of the same microorganism in combi-
nation with a re-elevation of the C-reactive protein concentration.

Statistical analysis

Data are expressed as median and interquartile range (IQR), unless indicated otherwise.
Data concerning infections in previous years showed that 50% of VLBW infants devel-
oped a nosocomial bloodstream infection. A sample size of approximately 180 infants
per period would be required to detect a 30% reduction in the incidence of nosocomial
bloodstream infection (80% power with 5% two-sided significance). Differences in
frequencies of various findings between groups were analyzed by the Fisher’s exact
test or Pearson chi-square. As the drying time for the four hand hygiene observation
periods showed skewed distribution, differences were analyzed by an ANOVA after
log-transformation. This analysis pertained only to those healthcare professionals who
performed hand hygiene practices.

The analysis of intervention on the infection rate was carried out with a segmented
loglinear regression analysis of interrupted time series data, which divides the time
series into a pretest and a posttest segment. The slope or trend of the segments indicates
the rate of change in time. An abrupt change in the level at the time of the implantation
indicates an immediate effect. Introducing slopes (percentual changes in time in infec-
tion rate before and after the implementation) corrects for unassociated background
trends. A change in slope may identify a gradual effect of the implantation (21-23).
We aggregated nosocomial infections and days-at-risk over 2-months periods. As only
infections after 72 h were bookmarked as nosocomial, we started counting days-at-risk
from the third day on.
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The statistical analysis was performed with SPSS 15 version (Chicago, IL, USA) and
R version 2.7.1. (the R Foundation for Statistical Computing, http://rgg.rforge.r.-project.
org). p-Values of less than 0.01 were considered statistically significant to adjust for
multiple testing on the completeness of hand rubbing. For all other tests a p-value of
less than 0.05 was defined as statistically significant. Observations were not indepen-
dent from each other, because most healthcare professionals were observed more than
once. Characteristics of healthcare professionals were not recorded in the dataset, thus
multilevel analysis was not possible.

RESULTS

A total of 1360 structured observations were performed during the two pretests and
two posttests periods (Fig. 1). Sixty observations for rescue procedures were excluded
from analysis. In these observations the drying time was less than the prescribed 30 s,
which, for that matter, is acceptable for emergent life-saving interventions. Ninety-nine
observations of visiting healthcare professionals (e.g. laboratory workers and X-ray
technicians) were analyzed separately since they did not participate in the education
program. Thus, 1201 observations were included in the main analysis. These concerned
751 low-risk and 450 high-risk procedures.

| 1360 total observations |

excluded | 60 rescue procedures
1

1300 all categories of HCP

| Pretest (n = 575) || 376 nurses | | 102 MD | | 16 NP || 18 nurse ass. || 63 visiting HCP |

| Posttest (n = 725) || 559 nurses || 93 MD | | 24 NP || 13 nurse ass. || 36 visiting HCP |

| 1201 observations analyzed |

MD = medical doctor, NP = nurse practitioner, nurse ass. = nurse assistants, HCP = healthcare
professionals.

Figure 1. Overview of the observed health care workers.
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Compliance with and completeness of hand rubbing

Overall hand hygiene compliance before patient contact increased significantly by
26.3% from 352 of 512 (68.8%) pretest to 599 of 689 (86.9%) posttest; p < 0.001
(Table 1). Hand hygiene compliance after patient contact also increased significantly
by 22.5% from 327 of 512 (68.9%) pretest to 579 of 689 (84%) posttest; p < 0.001.

Hand hygiene during high-risk and low-risk procedures

Compliance to hand hygiene prior to high-risk procedures was higher than prior to

Table 1. Technique and compliance with hand hygiene before patient contact.

Pretest 1 Pretest 2 Posttest 1 Posttest 2

(n=174) (n=338) (n=336) (n=353)
Handpalm (%) 62.1 71.6 89.9ace 83.6bd
Handback (%) 59.8%¢ 67.8%e 87.8% 78.8¢
Wrist (%) 16.12¢ 37.04 67.9bde 45.3
Between fingers (%) 6.9 35.8ade 63.4bd 50.4¢f
Finger tops (%) 4.0 5.9« 25.3% 15.00d
Thumb (%) 0.6 11.8% 36.6™ 46.5«
Overall compliance (%) 63.2® 71.6 < 90.2 acde 83.9 be

The mutual differences between test periods are compared. Significant comparisons between periods
measured by Fisher’s exact test at significance level of p < 0.01 were coded as a, b, ¢, d, e and f.

low-risk procedures. For both types of procedures, compliance had improved after the
education program; low-risk: 174 of 270 (64.4%) vs. 413 of 481 (85.8%), p < 0.001;
high-risk: 178 of 242 (73.6%) vs. 186 of 208 (89.4%), p < 0.001.

Hand hygiene compliance among visiting healthcare professionals before initiation
of patient contact was 45.5%, 31.6%, 57.1% and 50.0%, respectively, for pretests 1
and 2, and posttests 1 and 2.

Table 1 also provides details on completeness of hand rubbing. During all observa-
tion periods the palms and backs of the hands were significant better disinfected than
wrists, areas between fingers, finger tops and thumbs. The education program improved
the completeness of hand rubbing before and after patient contact.

Drying time and usage of hand alcohol

The median hand drying time both before and after patient contact had improved sig-
nificantly directly after the education program but still remained far below the recom-
mended 30 s (Table 2). Changes in drying time prior to patient contact in comparison
with the previous observation periods were +60% (pretest 1 vs. pretest 2), +50% (pretest
2 vs. posttest 1) and -33% (posttest 1 vs. posttest 2) (Table 2). Changes in drying time
after patient contact were comparable to those.
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Table 2. Drying time before starting and after completing patient contact.

Pretest 1 Pretest 2 Posttest 1 Posttest 2
Before initiating contact, n 110 242 302 296
Drying time (s) 5 (5-10)¢ 8 (4—12)de 12 (8—15)bdf 9 (6-13) <f
After completing contact, n 90 238 287 290
Drying time (s) 5 (4-6.25)%¢ 7 (4-12.25)xe 12 (7-16)0 9 (6-13)cf

Data are expressed as median (IQR). The mutual differences between test periods are compared.
Significant comparisons tested by ANOVA at significance level of p < 0.05 were coded as a, b, ¢, d, e
and f.

The median (IQR) amount of hand alcohol solution used had increased by 35% after
the education program; 40 (25-56) vs. 54 mL/day/patient (40-71), p < 0.001.

Incubators versus cribs

Hand hygiene compliance was significantly better regarding infants nursed in incu-
bators as compared with infants nursed in cribs during the two pretest observations;
pretest 1: incubator 60 of 74 (81.1%) vs. crib 50 of 100 (50%) p < 0.001; pretest 2:
incubator 145 of 186 (78%) vs. crib 97 of 152 (63.8%), p < 0.001. This difference was
no longer apparent during the first posttest observation; 140 of 160 (87.5%) vs. 163 of
176 (92.6%), p = 0.60. However, 6 months after the education program hand hygiene
compliance again was significantly better regarding infants nursed in incubators than
for those nursed in cribs; 251 of 284 (88.4%) vs. 45 of 69 (65.2%), p < 0.001.

Nosocomial bloodstream infections

Clinical characteristics of the VLBW infants are shown in Table 3. The pretest and post-
test groups of patients are comparable.

The incidence of nosocomial bloodstream infections showed a significant reduction
after the education program; 191 of 429 (44.5%) vs. 99 of 274 (36.1%), p = 0.03.
The relative risk reduction was 18.9%. The proportions of infants having two or more
infections also decreased significantly; 38 of 429 (8.9%) vs. 12 of 274 (4.4%), p = 0.02.
Analysis of the pathogens isolated from the blood cultures revealed that coagulase-
negative staphylococci were responsible for most of the infections (63.8%). Numbers
of nosocomial bloodstream infections in both periods and distribution of the other
pathogens did not differ.

The rate of nosocomial infections before the intervention was 17.3 (95% Cl 15.2,
19.7) per 1000 patient days and decreased to 13.5 (95% CI 11.2, 16.2) per 1000 patient
days after the intervention (p = 0.03). The relative risk reduction was 22%. Pretest trend
showed a baseline trend (slope, +0.07 per month, 95% Cl -1.41, +1.60; p = 0.93).
Changes in slopes were not significant (p = 0.51). The level of infections per day-at-risk
decreased immediately after the intervention (-14.8%, p = 0.48). The posttest trend
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Table 3. Clinical characteristics of the VLBW infants.

Pretest (n = 429) Posttest (n = 274) p-Value

Male (%) 227 (52.9) 147 (53.6) 0.88
Gestational age (weeks) 28 (27-30) 29 (27-30) 0.84
Birth weight (g) 1075 (880-1275) 1040 (870-1260) 0.30
APGAR score 5 min 8 (7-9) 9 (7-9) 0.63
Duration of

Mechanical ventilation 4(1-12) 3 (1-13) 0.83

(days)

CPAP (days) 7 (2-21) 8 (2-24) 0.18

Duration admission (days) 19 (9-44) 20 (9-42) 0.80
Onset of first infection (days) 7 (5-11) 8 (6-12) 0.07
Incidence (%) 191 (44.5) 99 (36.1) 0.03
Two or more infections (%) 38 (8.9) 12 (4.4) 0.02

Data are expressed as median (IQR) unless specified otherwise
CPAP = continuous positive airway pressure

showed an initially declined infection ratio, which still decreased over time (slope
-1.25% per month, 95% Cl -4.67, +2.44; p = 0.50). Our plotted ITS data show a high
variability of nosocomial bloodstream infections per day-at-risk between the 2-month

intervals (Fig. 2).
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Figure 2. Time series of the infection rate per 2-months intervals. The trend lines show predicted
volumes from the segmented loglinear regression analyses. The vertical line marks the period when
the education program was given.
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DISCUSSION

Adequate hand hygiene of healthcare professionals is the single most effective means of
preventing nosocomial bloodstream infections. Hand hygiene compliance is based on
disinfecting hands at appropriate moments, complete hand rubbing, and sufficient long
drying time. Most earlier studies in this area reported only percentages of healthcare
professionals applying hand disinfection or washing hands. This study explored the
impact of a multifaceted intervention on hand hygiene practices in a neonatal intensive
care setting. Separate aspects of hand hygiene compliance were studied.

Previous studies reported baseline compliance incidences from 28 to 44% (12, 24).
In the present study the baseline compliance rate for disinfecting hands prior to patient
contact was as high as 68.8%. This would suggest that there was already high awareness
of the necessity of hand hygiene among the healthcare professionals studied. Neverthe-
less, the education program still resulted in a significant relative increase of 26.3% in
hand disinfection compliance. This effect however, is probably not only based on the
theoretical but also on the practical intervention. Infection prevention became a very
important issue for all NICU healthcare professionals, due to the high rate of nosoco-
mial bloodstream infections incidence, according to our observations. Their willingness
to strive for a high standard of care resulted in an elevated and sustained performance
feedback on hygienic behavior. So, the 30-min education program and the ongoing
performance feedback reinforced each other.

Interestingly, improved hand hygiene practice was observed even before implementa-
tion of the education program. This phenomenon may be explained by the Hawthorne
effect, which is the (usually positive) short lasting effect on the dependent variable
caused by subjects’ awareness that participants are under study (25). Our observa-
tion supports the need for multiple pretests in a non-controlled quasi-experimental
designed study.

Despite the education program, we as well as others observed a washout effect
in hand hygiene compliance afterwards (26-31). Repeated attention for appropriate
hand hygiene is needed and different creative approaches are essential to renew this
message among healthcare professionals. For one, multifaceted interventions seem to
have a more prolonged effect (10, 27-28, 30-31). Grol and Grimshaw (10) assessed
interventions aimed at promoting hand hygiene and classified these as to their effective-
ness and sustained effect; regrettably they do not specify the duration of the sustained
effect noted. Conly et al (27) observed a specified effect of a sequent intervention i.e.
a decrease of nosocomial infections during five years. Pretest infection incidence was
measured once during 2 months, so season influence or other bias is not accounted for.
Two randomized studies measured the effectiveness of education programs term. Gould
and Chamberlain (28) determined the effect of a hand hygiene education program after
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3 months and found no effect of the program. Huang et al. (30) showed that 4 months
after the program the intervention was still successful. Despite the promising results, it
can be argued that the Hawthorne effect might have effected the hand hygiene compli-
ance in these studies, seeing that characteristics of observed nurses were documented.
In our study the compliance with hand hygiene for both high-risk procedures and low-
risk procedures had improved significantly after the education program. Healthcare
professionals seem to have followed the essential guidelines, and thus have contributed
to nosocomial infection reduction. However, longitudinal measurement might detect a
possible washout effect more precisely.

In contrast to NICU staff, hand hygiene compliance among visiting healthcare profes-
sionals was poor. Thus there is every reason to presume that they potentially may trans-
mit pathogens between patients and wards. It would be advisable to give tailor-made
hand hygiene feedback and instructions to visiting healthcare professionals.

Completeness of hand rubbing also appeared to have improved, notably with regard
to the wrists, finger tops, thumbs, and between the fingers. Lam et al. (12) evaluated the
hand washing technique with soap and also observed improvement after an interven-
tion.

Sufficiently long drying time is needed for an optimal bactericidal effect. The educa-
tion program significantly improved the observed median drying time from 4 to 10 s,
comparable in magnitude to findings from some earlier studies in adult ICU settings
(18, 32-33). Still, the median drying time was shorter than the manufacturer’s recom-
mended optimal drying time. Possible reasons are high workload, forgetfulness, and
fear for skin irritation (10, 18). The need for availability of hand alcohol with a short
application time of about 15 s has been recognized (34). A study reported on bacteri-
cidal activity of an ethanol-based gel in 15 s (35). The promising short application time
should be tested in clinical settings. The consumption of hand alcohol in our study rose
significantly after the education program. Brown et al. (24) made a similar observation.
Hand alcohol consumption is related to the frequency of hand disinfection, and the
increased use therefore substantiates our other observations.

Compliance with hand disinfection was lower with regard to infants nursed in a crib
in comparison to those nursed in an incubator. Cribs lack a physical cover so there is
easier access to the infant. This would result in more frequent patient contact without
adequate hand hygiene. Surprisingly, directly after the education program compliance
for crib-nursed infants improved and the significant difference in comparison with the
incubator-nursed infants disappeared. Six months later, however, the earlier difference
was again observed. This observation may be an exponent of a washout effect of edu-
cated knowledge that results in old habits of decreased hand hygiene with regard to

infants nursed in cribs.
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In the present study, the ITS analysis showed changes in slope and level, which were
not significant. This may be caused by the high variability of the infection rate. Nev-
ertheless, the incidence of nosocomial infections and number of infections per 1000
patient days had significant changed by 18.9% and 22.2%, respectively. The change
in slope was not significant. It could be argued, however that a longer posttest period
might have resulted in a significant change. On the other hand, repetition of an educa-
tion campaign every 6 months could be necessary to reach significant differences in
the time series.

In the present study the incidences of nosocomial bloodstream infections in VLBW
infants were high (44.5% pretest and 36.0% posttest) in comparison with the 11 - 25%
incidences reported in a review from the United States (36). However, in another study
the infection incidence among VLBW infants was up to 53% (2). As a possible explana-
tion, we transfer many VLBW infants to regional hospitals before the age of 3 days.
Infants eligible for transfer weight more than 1000 g, may need continuous positive
airway pressure but not ventilation support, and are relatively stable. Consequently the
most vulnerable patients stay at our NICU. The education program in our unit was asso-
ciated with an 18.9% decrease in the incidence of nosocomial bloodstream infections.

This study had several potential limitations. Firstly, the program offered may have
overemphasized education, with too little attention to environmental changes as a
means to facilitate appropriate hand hygiene behavior (10). Secondly, as explained
above, the study was probably influenced by the Hawthorne effect (25). The hygienic
behavior of the healthcare professionals could have been influenced by the two pretest
and two posttest observations. Multiple repeated measurements or longitudinal study
could offer more detailed information. Thirdly, we used the nosocomial bloodstream
infection definition of Stoll et al. (3) developed for VLBW infants. Other authors have
used the Centers for Disease Control and Prevention/ National Healthcare Safety
Network definition for laboratory confirmed bloodstream infection. By this definition,
patients up to 12 months must show one or more clinical signs of infection (hypother-
mia or hyperthermia, apnea, or bradycardia). Furthermore, two or more positive blood
cultures must have been drawn on separate occasions in case common skin bacteria
are cultured, i.e coagulase-negative staphylococci and bacillus (37). Our study showed
that coagulase-negative staphylococci were responsible for most infections. Thus, at
least two blood cultures should be drawn from infants suspected of bloodstream infec-
tions. Although, the latter definition better rules out false positive blood cultures caused
by contamination we preferred the definition of Stoll and Hansen. We feel that the
interpretation of clinical signs could be subjective and vary between healthcare profes-
sionals. As to this matter, note that body temperature, for example, could be influenced
by changes in incubator temperature, incubator humidity, and during skin-to-skin care.
In addition, drawing two blood cultures on separate occasions is not always possible
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due to the lack of venous access. Finally, we did not control confounders that may af-
fect hand hygiene compliance, e.g. workload and healthcare professional/ patient ratio.

Based on the finding from this study we recommended future studies consider alter-
native techniques of data collection. For example, hand alcohol dispensers that record
time, date and frequency of use of the device may provide data less influence by the
Hawthorn effect. Such data could easily be collected over a longer period of time.
Nevertheless, compliance, completeness of hand rubbing, and drying time then still
need to be observed. Improving compliance with hand hygiene reflects healthcare
professional’s behavior. Jenner et al. (38) and Pessoa-Silva et al. (19) showed that social
cognitive models may help to understand and influence human behavior. Behavioral
science may inspire new research concepts aimed to improve hand hygiene compli-
ance.

In conclusion, a multifaceted education program resulted in significantly improved
hand hygiene compliance. The number of nosocomial bloodstream infections per
day-at-risk decreased, although not significantly. Changing behavior so as to achieve
sustained high compliance with hand hygiene is a continuing challenge. The effects of
the education program fade away in time, so the program should be repeated at least

every 6 months.
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ABSTRACT

Background: Good hand hygiene compliance is essential to prevent nosocomial infec-
tions in healthcare settings. Direct observation of hand hygiene compliance is the gold
standard but is time consuming. An electronic dispenser with built-in wireless record-
ing equipment allows continuous monitoring of its usage. The purpose of this study
was to monitor the use of alcohol-based hand rub dispensers with a built-in electronic
counter in a neonatal intensive care unit (NICU) setting and to determine compliance
with hand hygiene protocols by direct observation.

Methods: A one-year observational study was conducted at a 27-bed level 11l NICU at
a university hospital. All healthcare workers employed at the NICU participated in the
study. The use of bedside dispensers was continuously monitored and compliance with
hand hygiene was determined by random direct observations.

Results: A total of 258,436 hand disinfection events were recorded; i.e. a median
(interquartile range) of 697 (559-840) per day. The median (interquartile range) number
of hand disinfection events performed per healthcare worker during the day, evening,
and night shifts was 13.5 (10.8 - 16.7), 19.8 (16.3 - 24.1), and 16.6 (14.2 - 19.3),
respectively. In 65.8% of the 1,168 observations of patient contacts requiring hand
hygiene, healthcare workers fully complied with the protocol.

Conclusions: We conclude that the electronic devices provide useful information on
frequency, time, and location of its use, and also reveal trends in hand disinfection
events over time. Direct observations offer essential data on compliance with the
hand hygiene protocol. In future research, data generated by the electronic devices
can be supplementary used to evaluate the effectiveness of hand hygiene promotion
campaigns.
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BACKGROUND

Staff compliance with hand hygiene protocols in neonatal intensive care units (NICUs)
is highly important to limit the spread of pathogens by the hands of healthcare workers
and thus to prevent nosocomial infections (1). Incidences of bloodstream infections
in infants admitted to NICUs presently range from 12% to 53% (2). There is evidence
that improved hand hygiene in NICU settings results in infection reduction (3). Hand
hygiene performance used to be determined by direct observation, but electronic
counting methods have been introduced as an alternative.

Three previous studies used bedside electronic counting devices designed to record
hand rub dispenser lever-presses (4-6). Cheng et al. and Marra et al. concluded that
unobtrusive measurement by electronic devices results in more objective data since
direct observations might influence hand hygiene compliance behavior (4, 6). Boyce et
al. found that hand disinfection was more frequent performed in the adult intensive care
setting than in the general medical ward setting (5). However, these studies had some
limitations: data were collected over a relatively short period and detailed information
on hand hygiene events distribution over the day was not provided.

We present the results of a study whose objectives were: (1) to monitor the use of
alcohol-based hand rub dispensers with a built-in electronic counter in our NICU over
a one-year period; (2) to determine compliance with hand hygiene by direct observa-
tions; and (3) to compare numbers of hand disinfection events during different shifts
and determine differences in distribution of these events over the day.

METHODS

Setting

This prospective observational study was performed from January 1% to December 31
of 2008 in a 27-bed level [Il NICU at a university hospital in the Netherlands. The NICU
is organized into three identical sub-units with nine beds each.

Appropriate hand hygiene is considered an important safety issue which dealt with in
education programs since June 2005 (2). The institutional hand hygiene protocol used
during the study period dictated that hand hygiene had to be applied before patient
and after patient contact as well as before and after invasive procedures. The presently
used ‘My five moments for hand hygiene” approach had not yet been published at the
time (7). Hand alcohol is generally preferred to soap. The only exceptions are visible
soiling of the hands, bathroom visits, and the presence of pathogens that are immune
for hand alcohol, such as Clostridium and some gastroenteritis viruses. At least 3 ml
of hand alcohol should be applied to rub hands for at least 30 seconds. Hand alcohol
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dispensers (Baktosept E, Bode Chemie GmbH, Hamburg, Germany) are available at
each bedside. Furthermore, non-sterile gloves must be worn when there is a risk of
exposure to a patient’s body fluid. Then, hand disinfection is applied before and after
glove use. In addition, two sinks with soap dispensers are located next to the nurses’
station. One of these sinks also has a hand alcohol dispenser (Sterillium, Bode Chemie
GmbH, Hamburg, Germany), which is exclusively used for surgical hand disinfection.
However, Sterillium is approved for both hygienic and surgical hand disinfection. This
dispenser is not provided with an electronic counting device.

Data collection

All 27 wall-mounted alcohol-based hand rub bedside dispensers have a concealed
electronic counter and wireless transmitting equipment (ComSens NewCompliance,
Delft, the Netherlands). The counter documents date and time of each individual
use of the dispenser. The system does not allow distinguishing between categories of
healthcare workers; data are collected anonymously. Each lever-press generates a click
of the sensor; a click within a 2-second period of the previous click was considered as
one hand disinfection event (5-6). All dispensers delivered 1.8 ml per full lever-press.
Data collected from the dispensers were transmitted to a computer-linked receiver. The
study population for which dispenser use was recorded consisted of healthcare workers
only (nurses, nurse practitioners, nursing assistants, and physicians). Parents and visitors
were strongly encouraged to wash their hands with soap only.

The frequency of hand disinfection events was expressed in two ways: the daily me-
dian [interquartile range (IQR)] number of hand disinfection events per bedside; and
the daily median (IQR) number of hand disinfection events per healthcare worker. The
day shift, evening shift and night shift extended from 8:00 AM to 4:00 PM; from 4:00
PM to 11:00 PM; and from 11:00 PM to 8:00 AM of the next day, respectively.

Additionally, we randomly observed healthcare workers’ compliance with the hand
hygiene protocol, using a tool described in a previous study (2). Failure to disinfect
hands before or after patient contact, and before or after invasive tasks was recorded
as noncompliance. Data were collected during thirty 60-minute observation sessions
in each sub-unit, from 8:00 AM to 10:00 PM on weekdays. Hygienic performance
starts at each new patient contact, so in theory a healthcare worker can perform more
than one care sequence during an observation period. Observations were carried out
from January to February 2008 and from May to June 2008, simultaneously with hand
dispenser recordings. Immediate life-saving interventions were excluded from analysis
(2). Three trained researchers and the prevention expert (OH) independently observed
hand hygiene events. Interobserver reliability assessed by Cohen'’s Kappa was high (k
> 0.70).
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The number of hand hygiene events for an ideal 100% compliance with hand hygiene
was calculated (total sum of recorded hand disinfection events x 100/ compliance).

Statistical analysis

Data are expressed as the median (IQR). The sign test served to compare numbers of
hand disinfection events among shifts for each day. SPSS version 17.0 (SPSS, Chicago,
IL) was used for analysis, and p < 0.05 (two-sided) was considered as significant.

The Institutional Review Board of the University Medical Center Rotterdam approved
this study at August 23, 2007.

RESULTS

During the one-year study period, a total of 717,445 lever-presses for all dispensers
were recorded, equivalent to 258,436 hand disinfection events. The calculated median
(IQR) number of hand disinfection events per day was 697 (559-840). The proportion
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Figure 1. Median (IQR) number of hand disinfection events per healthcare worker plotted for each
hour of the day, calculated over the one-year study period.

Analysis of hand disinfection events per healthcare worker by hour of the day revealed a significant
increase in hand disinfection events from 8:00 AM to 10:00 AM, which coincides with the start of
the dayshift and medical assessments. Another increase was found from 4:00 PM to 7:00 PM, which
correspondents with elevated activities before dinnertime (p < 0.001 for both). The number of hand
disinfection events was relatively low from 10:00 AM to 4:00 PM.
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of hand disinfection events during day shifts was 41.0%, which is significantly higher
than that during evening shifts (34.9%) and night shifts (24.1%).

The median (IQR) daily number of healthcare workers who provided patient care was
44 (42-45), i.e. 34 nurses and 10 physicians and nurse practitioners. The distribution of
both disciplines (median) during day, evening and night shifts was 14 vs. 7; 10 vs. 2; and
9 vs. 1, respectively. The average number of lever-presses per hand disinfection events
was 2.8, which equals 5 ml hand alcohol if all lever-presses were fully completed.

The median (IQR) number of hand disinfection events per healthcare worker per
day was 15.9 (13.1-19.3). In Figure 1 the numbers of hand disinfection events per
healthcare worker are plotted for each hour of the day, calculated over the one-year
study period.

The distributions for day shift, evening shift, and night shift are presented in Table
1. Differences between shifts were all statistically significant (p < 0.001). The median
(IQR) number of hand disinfection events per patient day was 27.6 (23.0-36.3).

In total 1,168 direct observations of events requiring hand hygiene were analyzed; in
65.8% of cases healthcare workers fully complied with the protocol. The interquartile

Table 1. Distribution of hand disinfection events per healthcare worker over the different shifts.

Shift Median (IQR)* hand disinfection events per healthcare worker
Day shift 13.9 (10.8-16.7)
Evening shift 19.8 (16.3-24.1)
Night shift 16.6 (14.2-19.3)
Total day 15.9 (13.1-19.3)

* IQR: interquartile range

range of compliance with hand hygiene determined at the separate observation days
varied from 50% to 71.5%.

Adjusted for the 65.8% compliance rate, the counted number of hand disinfection
events should increase by about 50% to approximately 375,000 hand hygiene disinfec-
tion events.

DISCUSSION

Electronic dispensers provided data trends on the frequency of hand disinfection events
in a clinical setting over an extended period of time. The median number of 15.9 hand
disinfection per healthcare worker per day in our study falls within the median 5.0-30.0
range reported by Boyce et al. (1).
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Three studies measuring hand disinfection events by electronic dispensers expressed
the outcome as hand disinfections per patient day (5-6, 8). For a pediatric intensive
care unit, a surgical intensive care unit and a general medical ward, the mean number
was 41.2, 48.7 and 12.2, respectively (6). Marra et al. reported a mean of 53.8 hand
disinfections per patient day in an adult medical-surgical intensive care unit; (6). An-
other study performed in a general pediatric ward measured the amount of used hand
alcohol and translated this into 47 hand rubs per patient day (9). McGluckin et al.
reported a mean of 6.7 hand washings per patient day in an inpatient rehabilitation
unit (10). We documented a median of 27.6 hand disinfection events per patient day
at our NICU. This relatively low number as compared to two of the studies mentioned
above likely reflects our policy to provide care on indication. This approach takes into
account the infants’ sleep-wake rhythm so that they can sleep longer, which improves
recovery from previous interventions. This approach leads to fewer patient contacts.

Combining the electronically collected data and the observational data allows gen-
erating an additional tool to monitor hand hygiene practices. The calculated number of
required hand disinfection events per day could be an incentive for healthcare workers
to strive for and reach 100% compliance. However, this calculated number is ward-
specific and may be only adhered to if conditions such as case mix, number of patient
days, and patient-healthcare worker ratio, are comparable to conditions of the initial
study period.

Additionally, we showed that hand hygiene performance followed a daily pattern:
it was most intense after shift handover, and after dinnertime. The median number of
hand disinfection events per healthcare worker during day shifts was lower than that
during evening shifts. This is probably caused by the fact that the work floor during
day shifts counts twice as many healthcare workers than during evening shifts; the
number of patient contacts is likely not doubled. The slightly lower number of hand
disinfection events per healthcare worker during night shifts in comparison to evening
shifts might be explained by the fact that night shifts in general correlate negatively
with hand hygiene compliance (11). Additionally, in the night shifts there are fewer
hand disinfection opportunities as healthcare workers only perform routine care and
unavoidable interventions.

Direct observation of hygienic behavior is a well-known method to document hand
hygiene compliance in a clinical setting. Nevertheless, it is time consuming, and know-
ing that they are observed may influence the healthcare workers’ behavior (4-6). In
contrast, the described electronic device unobtrusively records all hand disinfection
events over an extended period of time. Furthermore, senior staff can motivate members
of the healthcare team to improve their hand hygiene practices by relating the recorded
number of hand hygiene events to the calculated number required for 100% compli-
ance. Nevertheless, this device is not able to record noncompliance and the quality of
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hand disinfection. Non-compliance can be defined as failure to disinfect hands, lack
of completeness of hand rubbing, or insufficient drying time. Applying both methods
together therefore provides a more complete representation of hand hygiene practices.

This study had several limitations. The used type of dispenser is unable to detect
whether dispenser use correlates with a defined hand disinfection opportunity. Second,
this study was designed and performed before the ‘My five moments for hand hygiene’
approach was published (7). Three of the five hand hygiene indications were measured:
before patient contact, before invasive procedures, and after patient contact. The ‘My
five moments for hand hygiene’ approach is nowadays considered the “gold standard”
method to monitor hand hygiene compliance. We missed the 3 and 5™ moments:
‘after touching patient surroundings’ and after body fluid exposure risk. However, our
hand hygiene protocol dictates that healthcare workers must wear gloves when at risk
of exposure to a patient’s body fluid. They are also required to disinfect hands before
and after glove use. Third, the variance of hand disinfection practices by individual
healthcare workers was not documented. Furthermore, we also cannot rule out the pos-
sibility that parents or family occasionally used alcohol dispensers, although all NICU
professionals instructed parents to wash their hands with soap only. NICU professionals
did not report the use of hand alcohol by parents. In addition, healthcare workers also
might have used hand alcohol at moments that are not corresponding to any indication
for hand hygiene. This possible unnoticed use could have resulted in overestimation of
hand hygiene events by healthcare workers. Therefore, the calculated number of hand
disinfection events needed for an ideal 100% compliance is of limited accurateness
and need to be considered with caution.

CONCLUSIONS

We conclude that the tested type of dispenser provides useful trend data that can be
evaluated supplementary to the data obtained form direct observations. Although not
tested as such in this study, we believe that electronic devices could be useful to evalu-
ate the long-term effect of hand hygiene promotion campaigns. Direct observations
according to the ‘My five moments for hand hygiene’ approach still provide important
additional information on non-compliance and quality of hand hygiene.
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ABSTRACT

Background: Appropriate hand hygiene among healthcare workers is the most impor-
tant infection prevention measure; however, compliance is generally low. Gain-framed
messages (i.e. messages that emphasize the benefits of hand hygiene rather than the
risks of noncompliance) may be most effective, but have not been tested.

Methods: The study was conducted in a 27-bed neonatal intensive care unit. We per-
formed an interrupted time series analysis of objectively measured hand disinfection
events. We used electronic devices in hand alcohol dispensers, which continuously
documented the frequency of hand disinfection events. In addition, hand hygiene
compliance before and after the intervention period were directly observed.

Results: The negative trend in hand hygiene events per patient day before the interven-
tion (decrease by 2.3 [standard error, 0.5] per week) changed to a significant positive
trend (increase of 1.5 [0.5] per week) after the intervention (p < 0.001). The direct
observations confirmed these results, showing a significant improved in hand hygiene
compliance from 193 of 303 (63.6%) observed hand hygiene events at pretest to 201
of 281 (71.5%) at posttest.

Conclusions: We conclude that gain-framed messages concerning hand hygiene pre-
sented on screen savers may improve hand hygiene practice.
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INTRODUCTION

Hospital-acquired infections are associated with mortality and morbidity in neonatal
intensive care unit (NICU) settings. The reported incidence of these infections varies
between 11% and 53% (1-3). Research shows that increasing compliance of healthcare
workers (HCWs) with hand hygiene protocols reduces these infections and limits the
spread of pathogens (4). Overall compliance with hand hygiene protocols in hospitals
is low, however.

It has been shown that hand hygiene can be improved by strategies such as educa-
tion, audits and feedback, environmental improvements, multimodal interventions,
and reminders (4,5). Improved hand hygiene compliance is known to reduce the rate of
hospital-acquired bloodstream infections (1). However, over time, a washout effect can
be observed, in which the new behavior is not internalized, and participants relapse
and return to their former automatic behavior, which includes insufficient hand hygiene
(6). Up to now, there has not been a proven optimal intervention that leads to lasting
high compliance with hand hygiene measures. It is hypothesized that repeated atten-
tion is needed over a prolonged period to reduce the washout effect. Therefore, it is also
important to address the subconscious, automatic behavior of HCWs to maintain a high
level of compliance with hand hygiene protocols.

Grol and Grimshaw showed that multiple interventions lead to a more sustained
implementation of protocols by HCWs (7). Pittet et al. used different interventions,
including poster campaigns, to promote hand hygiene; however, they did not provide
any theoretical rationale behind their poster design (8). Gain-framed messages not only
provide recommendations, but also emphasize the advantages of hand hygiene, rather
than the risk of noncompliance. A literature review suggested that posters with gain-
framed messages are theoretically effective in motivating HCWs’ hygienic behaviors
(9). Therefore, gain-framed messages may help promote hand hygiene in daily practice.
The use of such gain-framed messages for improving hand hygiene has not been tested
on hand hygiene practices in a real-life clinical setting, however (9).

The purpose of this study was to test the impact of gain-framed messages on the
frequency of hand disinfection events and compliance in the NICU. Hand disinfec-
tion events per complete day and shifts during the day, evening, and night shift were
compared.
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METHODS

Design and Setting

We used an interrupted time series (ITS) design with objective measures of hand disin-
fection events. Two segmented periods of 8 weeks before the intervention and 8 weeks
during the intervention were compared by an ITS to detect changes in the longitudinal
trend in hand hygiene events associated with the introduction of the intervention. In
addition, observations of hand hygiene behavior were systematically performed by
research associates before and after the intervention. The study was conducted in a 27-
bed, level IIID (10) NICU at the Erasmus MC — Sophia Children’s Hospital in Rotterdam,
the Netherlands, between January 25, 2008 and May 25, 2008. A level IIID NICU cen-
ter is equipped for all kinds of complex care for infants, including for example, care for
extremely low birth weight infants (< 1000 g), extracorporal membrane oxygenation,
and surgical repair of complex congenital cardiac malformations. The NICU is divided
into 3 identical sub-units with 9 beds each. Approximately 750 newborns are admitted
annually.

Study population

Al NICU HCWs who had physical contact with infants were included in the study. The
HCWs included 14 neonatologists, 8 residents, 105 nurses, 12 nursing assistants, and
4 nurse practitioners.

Intervention

As a substitute for static posters, we used a screen saver on computer displays placed
in front of the desk as a communication vehicle. The computer screen saver is an ef-
ficient medium with which to communicate with employees and expose employees to
hand hygiene promotion messages in a more dynamic way compared with the static
medium of posters (11-13). A total 6 computer screens, 2 per unit, were involved.
Computer screens were placed behind each desk of the 3 sub-units, which were used
by all HCWs and were located in high traffic areas. The computers enter “sleep mode”
5 minutes after their last use, and the screen saver is automatically displayed on the
monitor. The screen saver messages included a 2-screen series with different messages
that completed a cycle every 10 seconds (12). The messages were replaced by a newly
designed 2-screen series every 2 weeks, to maintain the attention of the staff and avoid
desensitization to the messages (12,13).

The screen saver messages emphasized the need for improved adherence to hand
hygiene protocols and were designed according to theoretical principles of message
framing (9). Images of hands, germs, and disinfection methods were shown, and
titles were designed to attract attention. We added gain-framed messages aimed at
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promoting hand hygiene, in which we focused on the benefits to the patients and on
the responsibility of HCWs to their patients and appealed to their instinctive altruistic
motivation to “take good care” (example messages: “By performing appropriate hand
disinfection, you maintain good health for the infants you are caring for;” “Don’t take it
personally. Your hands look fantastic, but you should disinfect your hands to maintain
good health for the patients and yourself”). We used images that were compatible with
the message. No other interventions were performed to improve compliance with hand
hygiene measures during the study period.

Five months before the initiation of the present study, a multidisciplinary infection
prevention education program was organized at our NICU. This program reiterated
general hygiene guidelines, encouraging HCWs to culture all types of surfaces in the
NICU to improve the awareness of invisible microorganisms, and reinforced the impor-
tance of appropriate hand hygiene.

Data collection

Electronic devices were used to objectively document the frequency of hand disinfec-
tion events. Wall-mounted bedside hand alcohol dispensers were replaced by identical
dispensers with a concealed electronic counter and wireless transmitting equipment
(ComSens, NewCompliance, Delft, the Netherlands). These electronic dispenser
devices provided continuous documentation of hand disinfection events, including
documentation of date and time of the individual dispenser usage. Each press of the
lever generated a click of the sensor, and an additional click occurring within 2 seconds
of the previous click was considered a single hand disinfection event (15).

In addition, the compliance of HCWs with hand hygiene protocols was evaluated
during the final 2 weeks of the observation period before and after the intervention us-
ing a guided observation tool. Data from observations of HCWs who performed rescue
procedures or who were visiting from other units (and thus who could not be exposed
to the screen savers during the intervention period) were excluded from the analyses
of these observation data. Hand disinfection should be done before touching a patient,
before sterile procedures, before and after the use of gloves, after contact with body
fluids, and after touching a patient. Failure to disinfect hands during any of these events
was recorded as noncompliance. Washing the hands with soap and water is appropriate
when hands are visibly soiled or after bodily fluid contact (16). Two medical students
performed observations; the HCWs were unaware of the reason for the observations.
HCWs are frequently observed for training as well as research purposes, and thus are
used to these practices, reducing the risk of the Hawthorne effect (a usually positive
short-term effect on the dependent variable caused by subjects’ awareness that they are
under study). The observers were not blinded to the intervention.
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Along with compliance with hand disinfection protocols, we also documented the
nature of the procedure (elective or rescue). Before study commencement, interobserver
reliability was assessed using Cohen’s k. The mean x was > 0.8, indicating good agree-
ment. The following potential confounding factors were documented: birth weight,
gestational age, and Clinical Risk Index for Babies (CRIB) score (17).

For analysis, the day shift was defined as 8:00 AM to 4:00 PM, the evening shift as
4:00 PM to 11:00 PM, and the night shift as 11:00 PM to 8:00 AM.

Power analysis

We previously measured the mean (SD) number of hand disinfection events per week
as 5750 £450. A power analysis showed that an increase of 675 hand hygiene disinfec-
tion events per week can be significantly detected with 80% power and a 2-sided 5%
significance level. We previously showed a baseline compliance with hand hygiene
of 65%, which improved after intervention to 88%. Therefore, we considered a target
compliance of 80% to be realistic (1). Given the target improvement in compliance
rate from 65% to 80%, we found that 135 observations in each observation period
were needed to detect a significant difference with 80% power and a 2-sided 5%

significance level.

Statistical analysis

We evaluated the effect of the intervention on hand disinfection practices with a
segmented linear regression analysis of interrupted time series data, dividing the time
series into a pretest segment and a posttest segment. We aggregated hand disinfection
events over a 1-week period to determine the longitudinal effects and avoid autocorre-
lation. Hand disinfection events are influenced predominantly by the number of patient
days; thus, we adjusted the number of hand hygiene events by dividing by the number
of patient days. The data are expressed as median and interquartile range (IQR) unless
indicated otherwise.

For the additional observations, data on compliance with hand hygiene are expressed
as a percentage of all events that necessitate hand hygiene procedures. Univariate
analyses using the x? test were performed for a simple pretest-posttest comparison. P
values < 0.05 were considered statistically significant. SPSS version 17 (Chicago, IL,
USA) was used for data analysis.

Ethical considerations
The Erasmus Medical Center’s Institutional Review Board approved the study. Because
of the study’s observational nature, the need for informed consent from the parents was

waived.
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RESULTS

The patient characteristics during the pre-intervention period (n = 125) and post-
intervention period (n = 144) were well balanced. The median (IQR) birth weight was
1980 g (1367-3170 g) vs. 1810 g (1177-2956 g) (P = 0.14); mean gestational age was
34 weeks (31-38 weeks) vs. 33 weeks (28-37 weeks) (p = 0.33); and mean CRIB score
was 1 (0-2) vs. 1 (0-3) (P =0.99).

The daily median number of hand hygiene events during the 4-month study period was
792 (705-930), with a pre-intervention value of 804 (686-940) and a post-intervention
value of 783 (726-899). The plotted interrupted time series data showed a clear change
from a negative trend towards fewer hand hygiene events before the intervention to
a positive trend after the intervention was introduced (Fig. 1). Table 1 presents the
separate analyses of all shifts combined and specific shifts, showing similar results for
the different shifts separately and all shifts combined. The number of hand disinfection
events per patient day before the intervention decreased by 2.4 (standard error [SE],
0.5) per week (P = 0.001) per patient day. The immediate effect of the screen saver after
its introduction was not significant (-1.4 [3.3]; p = 0.681). The posttest trend showed
a significant increase of 1.5 (0.5) hand disinfection events per week per patient day (p
=0.001). The change in trend before and after the intervention was highly significant.

A total of 677 observations were performed before and after the intervention was
started. After excluding 51 rescue HCWs and 46 visiting HCWs, 584 observations were
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Figure 1. Time series of the aggregated hand hygiene events per patient day over 1-week intervals.
The trend shows predicted volumes from the segmented linear regression analyses. The hatched area
indicates the period from which the screen savers were introduced.
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analyzed, including 303 observations before the intervention and 281 after starting
the intervention. The compliance with hand hygiene protocols before patient contact
showed a relative increase of 12.4%, from 63.6% (193 of 303 events for which the
protocol required hand hygiene procedures) before the intervention to 71.5% (201 of
281) after the intervention (p = 0.05).

Table 1. Changes in number of hand hygiene events per patient day by shift.

Trend before Immediate change Trend after p-Value for
Shift intervention (SE)? (SE)P intervention (SE)? change in trend
Day -1.0(0.2) -1.7 (1.8) 0.8 (0.2) 0.001
Evening -1.0(0.1) 0.6 (0.8) 0.5(0.1) < 0.001
Night -0.4 (0.2) -1.0 (1.6) 0.4 (0.4) 0.057
All -2.4(0.5) -1.4 (3.3) 1.5(0.5) < 0.001

2 The baseline trend and intervention trend are expressed as hand disinfection events per patient day
with a standard error (SE)

®The levels of change immediately after the start of the intervention are expressed as hand disinfection
events per patient day with a standard error (SE)

DISCUSSION

The present study provides evidence, based on objectively measured hand hygiene
events, that gain-framed screen saver messages designed to improve compliance with
hand hygiene protocols may have beneficial effects on the frequency of hand hygiene
events. The introduction of the screen saver messages was associated with a change
from a negative to a positive trend. This change was observed for all shifts combined as
well as for the day and evening shifts separately, but it was not significant for the night
shift. Additional evidence indicating that the screen savers improved hand hygiene
compliance was obtained from direct and systematic observations.

Before the screen savers were introduced, a negative trend toward fewer hand hy-
giene events was seen in our unit. Various interventions have been implemented in
efforts to improve hand hygiene, and the negative trend may be due to a washout
effect of such earlier interventions. This may indicate that hand hygiene promotion
requires continuous efforts. The fact that health education intervention might not have
long-lasting effects has been observed for a range of health behaviors (6,18).

During the intervention period, a clear shift in trend was observed, with an increased
number of hand disinfection events per patient day. This positive trend was more pro-
nounced for the day and evening shifts compared with the night shift. Earlier research
has indicated that hand hygiene compliance is generally lower during night shift, pos-
sibly related to less peer pressure to perform appropriate hand hygiene (19).
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The additional observations indicate that before the intervention, HCWs on the unit
were compliant with hand hygiene procedures for 63.6% of the relevant events. Previ-
ous research reported compliance rates of 23%-44% by direct observations in NICU
settings (20-22), but the relatively high compliance rate at baseline in the present study
is in line with earlier observations in our NICU in 2005 (1). The observations after
introduction of the screen savers indicated that hand hygiene compliance increased
to 71.5%. These observational data support the time series results, but should be inter-
preted with more caution given the simple pretest-posttest comparison used. Although
> 70% observed compliance is certainly high compared with other studies (20), it still
represents an unacceptably high number of potentially dangerous opportunities for the
spread of pathogens among patients during planned patient contacts (18).

Message framing for encouraging disease prevention behavior has been well studied.
A meta-analytical review in 2007 found 93 studies and concluded that gain-framed
messages are more persuasive in encouraging prevention behavior compared with loss-
framed appeals (14). Because we did not compare gain-framed messages with other
messages, we cannot conclude that gain-framed messages are superior in improving
hand hygiene compliance. The electronic device could be used in a study comparing
different message strategies.

To the best of our knowledge, 3 previous studies have used screen savers to change
behavior or for educational purposes (11-13), but only 1 of these studies evaluated
the effects (13). It is unclear how screen saver health education can best be applied in
terms of, for example, exposure time, replacement schedule, and screen design (11,12).
We chose to change the screen saver messages and pictures after 10 seconds, which
appeared to be long enough for HCWs to read the message when they walked past the
screen saver, but short enough to avoid boredom. New screen saver messages were
introduced after 2 weeks, similar to the earlier examples (11,12). Further research could
focus on varying exposure time, replacements and screen designs to inform further
improvements of screen saver education.

This study had some potential limitations. The data collection period was relatively
short, given that the linear trends both before and after the intervention must flatten
or reverse at some point. We may overcome this problem in future studies by collect-
ing data for a longer period until a reverse point is obtained. Another limitation was
the interrupted time series design study without a control group, which precludes us
from ruling out any effects of unknown confounding factors. However, a randomized
controlled trial is not feasible for evaluation health education interventions via public
announcements and messages. We considered a “community” intervention trial in
which units were randomly allocated to receive the intervention or not, but there are
insufficient units of similar size and focus in the Netherlands for conducting such a
study. An interrupted time series design was our best option. We presume that the
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observed beneficial shift in trend of hand hygiene events might have been caused by
the intervention with gain-framed messages.
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INTRODUCTION

The high number of hospital-acquired or nosocomial bloodstream infections (BSls) at
our neonatal intensive care unit (NICU) formed the rationale for this research project
that aimed to reduce this number. Bloodstream infections are generally considered as
unavoidable complications of hospital care. In this project, however, we emphasized
that healthcare workers should be aware that they are the key to infection preven-
tion. What’s more, the entire healthcare team should feel accountable for these often
avoidable infections. We put an emphasis on good hand hygiene as the cornerstone of
infection prevention and took the standpoint that repeated interventions are needed to
improve compliance with a hand hygiene protocol.

Papers presented in this thesis describe non-pharmaceutical preventive interventions
with a focus on healthcare workers caring for very low birth weight (VLBW) infants.

MAIN FINDINGS

We addressed five main research questions. First, what are effective non-pharmaco-
logical preventive interventions to reduce nosocomial BSI in VLBW infants? Improved
hand hygiene has been proven to be effective in reducing BSls in adult settings. There
is inconclusive evidence, however, that improved hand hygiene subsequently leads to
infection reduction in infants. The same holds true for the use of different devices, and
percutaneous inserted central catheter teams. More studies are needed to determine the
benefits of these preventive measures in VLBW infants.

Second, how can we effectively implement preventive measures, in particular im-
proved hand hygiene compliance in a NICU setting? A multifaceted education program
performed in our NICU significantly improved hand hygiene compliance and reduced
in nosocomial BSls in VLBW infants. In this program we provided background informa-
tion of infection prevention, reported current compliance with hand hygiene protocols
and infection rate, gave instructions for optimal hand hygiene procedures, provided
hand hygiene performance feedback, and encouraged senior healthcare workers to
improve social norms regarding hand hygiene. In the direct period after the program,
the proportion of infants with one or more BSls decreased significantly from 44.5% to
36.1%. However, the effects of the education program faded away over time. This made
us aware that we need to pay ongoing attention to appropriate hand hygiene behavior.

Third, can electronic devices that count hand hygiene events serve to monitor
hand hygiene performance trends during a prolonged time? Hand hygiene behavior
is generally monitored by direct observations. This method is time consuming and
may influence hand hygiene behavior of the persons observed. Therefore, we tested
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unobtrusively the use of alcohol-based hand rub dispensers by new electronic devices
(ComSens, NewCompliance, Delft, the Netherlands). These devices provide useful
information of the use of the dispensers, and also reveal trends in hand disinfection
events over time. Data generated by the electronic devices can be supplementary used
to evaluate the effectiveness of hand hygiene promotion campaigns.

Fourth, do gain-framed screen saver messages change hand hygiene behavior? We
successfully introduced gain-framed messages about hand hygiene presented on screen
savers. The screen saver messages emphasized the need for improved compliance with
hand hygiene protocols by focusing on the benefits to the patients. A negative trend in
hand hygiene events per patient day changed to a significant positive trend during the
intervention.

Fifth, what is the long-term effect of repeated interventions aimed to improve hand hy-
giene on the occurrence of BSls in VLBW infants? Sequentially performed hand hygiene
promoting interventions over a 10-year period resulted in a significant decrease in the
nosocomial BSI rate from 40.5% to 24.3%. The interrupted time series analysis showed
a significant declining trend in BSI per 1000 patient days after the first intervention. The
second combined intervention showed a neutral trend change. Of Gram-positive BSls,
67% were caused by coagulase-negative staphylococci and 14% by S. aureus. Their
contributions relative to the other pathogens decreased significantly over time.

Finally, how to develop a children’s hospital wide strategy for a CVC care bundle
implementation? We described a research protocol aimed to improve hand hygiene
combined with a bundle of measures to promote insertion and maintenance of CVC
under maximal hygienic conditions. Therefore, a tailored multifaceted implementa-
tion strategy was developed consisting of reminders, feedback, management support,
contributions by local opinion leaders, and education. Primary outcome measure is the
number of catheter-associated infections per 1000 CVC day. The process outcome is de-
gree of adherence to use of these central venous catheter bundles. A cost-effectiveness
analysis is part of the study. This study is already ongoing.

METHODOLOGICAL CONSIDERATIONS

The studies presented in this thesis used different methodologies — from systematic re-
view to quantitative quasi-experimental studies. These methodologies have recognized
strength besides their limitations and the results should be interpreted in this perspec-
tive. Methodological considerations regarding the used study designs, definitions and
measures are discussed below.
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Review

The study reported in chapter three is a systematic review on potentially effective
non-pharmacological measures to prevent BSIs in preterm infants. The strength of this
review is that it was one of the first of its kind. However, the review had some limita-
tions. Quantitative pooling of the results and a meta-analysis was not feasible due to the
inconsistency in unambiguous description of the interventions and different definitions
of BSIs. Furthermore, two articles were the author’s own work. This potential limitation
was solved by having the author replaced by a member of the advisory group. Finally,
four studies did not report patient characteristics; therefore generalization to other
patient populations was not possible.

Study design: interrupted time series analysis

Chapters five, six and seven used an interrupted time series (ITS) design to evaluate the
effect of an intervention. Usually performed tests to evaluate the effect of a controlled
intervention, such as a student T-test or % test, will generate cross sectional data; in
contrast an ITS analysis will provide insight into the longitudinal effects of the interven-
tion. The ORION statement (guidelines for transparent reporting of Outbreak Reports
and Intervention studies Of Nosocomial infection) recommends the ITS design to report
on evaluation of infection control interventions (1). An ITS study is one where multiple
observations are recorded over time and are interrupted by one or more interventions.
Its strength is that it estimates trends prior and after the intervention based on multiple
observations. It also shows the direct effect, and represents data with an intuitive graph.
The individual observations are collected at equally spaced intervals over a long period
of time and can be applied to retrospective, prospective data and hybrid designed
studies. An ITS analysis forms a strong alternative to randomized trials (1-2). One of
the limitations is that there is no control group and randomization does not take place.

Observation of hand hygiene compliance

The strength of these observational studies was that hand hygiene behavior was ob-
served using a guided, structured self-designed observation tool (3). Not only the nature
of the procedure, but also completeness of hand rubbing and the applied drying time
were observed. Hand hygiene before and after patient contact and before invasive
procedures was recorded. Trained medical students performed the observations after
their interobserver reliability had been assessed and found sufficient. On the other
hand this method had some potential limitations. The direct observations data may
have been influenced by the Hawthorne effect. Healthcare workers may adapt hygienic
behavior when they are aware that they are observed. Therefore, we applied repeated
observations at different times and used covert observation techniques to diminish this
kind of bias. Nevertheless, the World Health Organization recommends that hand hy-
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giene compliance should be determined by using their observation tool. However, the
World Health Organization observation tool does not record the applied drying time or
completeness of hand rubbing. (4). Recently, electronic counting methods to monitor
the frequency of hand hygiene events have been introduced. Unobtrusive measurement
by electronic devices yields more objective data (5-6). These devices can monitor hand
disinfection events over a long time, 24 hours a day, seven days a week; which is nearly
not feasible by direct observations. However, they do not allow for recording compli-
ance with and quality of hand disinfection. Electronic devices provide useful trend data
that can be evaluated supplementary to the data obtained from direct observations with
the World Health Organization” hand hygiene observation tool (4).

Different BSI definitions

We defined a nosocomial BSI definition according to Stoll et al. as an infection occur-
ring later than 72 hour after of birth, at least one positive blood culture, and an elevated
C-reactive protein concentration (>10 mg/L) (7). Others studies reporting nosocomial
BSIs in VLBW infants have used several other definitions (7-9). A leading definition is
described by Disease Control and Prevention (CDC) has provided definitions for all
kind of infections (8). The CDC defined a laboratory-confirmed BSI in infants < 1 year
as an infection with clinical signs [fever (> 38 °C rectal), hypothermia (< 37 °C rectal),
apnea or bradycardia] AND signs and symptoms and positive laboratory results not
related to an infection at another site AND a common skin contaminant cultured from
two or more blood cultures drawn on separate occasions (8). BSls in preterm infants are
predominantly caused by coagulase-negative staphylococci and thus should require
two blood cultures. In practice, it is quite a challenge to obtain two blood cultures on
separate occasions in these very tiny infants. Therefore, the strength of the BSI definition
of Stoll et al. is that it is not dependent on subjective clinical signs by using laboratory
results indicative for an infection and only one blood culture (7). Other studies use
slightly modified definitions for BSls. van der Zwet et al. added more specific clinical
signs to the CDC definition such as temperature instability, feeding problems, irritabil-
ity, and apathy (9). According to the criteria of van der Zwet as well as the CDC, one
positive culture of common skin bacteria does not prove a BSI. van der Zwet et al. report
the inclusion of not unambiguously interpreted clinical signs as a potential weakness of
the CDC definition (9). For example hypothermia and hyperthermia are defining CDC
variables. Infants’ temperature, however, is highly influenced by incubator settings (10).
Thus, lack of hypothermia > 38 °C or hypothermia < 37 °C was often observed (9). They
conclude that by strictly applying the CDC definitions only 75% of the BSIs would have
been identified. We suppose that by applying the strict CDC definition of laboratory-
confirmed BSI the number of identified BSIs in our studies would have been lower.
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Different expressions of BSIs

BSls are often expressed in terms of number of BSls per 1000 CVC days (11-13). This is
in line with the ORION statement (1). However, when applied in preterm infants this
outcome measure has some shortcomings. Both CVCs and peripheral cannulae cause
BSIs in preterm infants (14-15). Therefore, we suggest alternatively to express BSls in
preterm infants as BSIs per 1000 IV device days.

In contrast, we expressed nosocomial BSls as BSls per 1000 patient days. This has a
potential limitation because the outcome is influenced by outliers in admission dura-
tion. It is also influenced by the discharge policy; due to the shortage of nursing staff,
almost all infants on our unit are transferred to regional high care nurseries as soon as
they no longer require ventilator support. Extremely preterm infants often need inten-
sive care because of respiratory instability, while they have a low risk of nosocomial
BSls. These outliers may suppress the number of measured BSls per 1000 patient days.
Consequently, expressing BSls per 1000 patient days is also of limited value.

PUTTING RESULTS IN BROADER PERSPECTIVE

Our findings

Promoting hygienic behavior resulted in an improved compliance with hand hygiene
protocols from 65% to 88% in the present study. Campaigns such as screen saver
messages improved compliance from 64% to 72%. In addition, the incidence of noso-
comial BSIs decreased by 40% from 40.5% to 24.3% in VLBW infants. In other studies
the prevalence of nosocomial BSIs in VLBW infants ranged from 9.1 to 44.0% (20-22).
The achieved nosocomial infection reduction varied between 40 and 50% (22-23).

Since the interventions were relatively simple, similar results can probably be ob-
tained at other NICUs. A comparison of our results with other studies is challenging
due to numerous interfering variables. Other studies published after 2009 showed that
hand hygiene compliance is about 50% (16-17). However, definitions of compliance
with hand hygiene protocols, indications for hand hygiene, and measurement methods
were different.

We could not retrieve studies which evaluated the effect of gain-framed message in
infection control, except those which aimed to promote preventive health behavior
such as prevention of sexual transmitted diseases, quit smoking, and skin protection by
using sunscreen (18-19).

In sum, although different definitions and indications hamper comparisons between
studies, compliance with hand hygiene in our studies is high in comparison with other
studies. The prevalence we found falls within the range reported in other studies, and

the reduction in infection rate is in line with other studies.
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Other prevention measures

Striving to reduce the number of BSls we selected hand hygiene as a focus for interven-
tions, as recommended by several reviews (24-29). We did not study other interventions
such as extensive hub care (13), intravenous bundles including proper CVC placement,
daily evaluation of the need for CVC and improved hub care (12-13), or silver impreg-
nated dressings (30). These alternative measures can also effectively reduce nosocomial
infections as these are often the result of the presence of a CVC. Several studies tested
the infection reduction effect of modified CVCs including coated (antibiotics, silver
sulfadiazine, chlorhexidine, heparin) or impregnated catheters (antibiotics, silver,
heparin (31-33). Meta-analyses in adults showed that heparin-coated and antibiotics-
impregnated CVCs are most effective (33). Unfortunately, some of these catheters are
still experimental while others have been tested in adults only (33).

Another strategy to prevent catheter colonization is the catheter lock technique. In
this technique, the lumen is filled with a 100 to 1000 times higher dose of antibiotics
than the systemic application of antibiotics while the catheter is not in use (34). Garland
et al. showed that vancomycin-heparin locks reduced the incidence of CVC related
BSIs in infants better than just heparin locks (34). Nevertheless, this method should not
be used lightly as it can promote the emergence of vancomycin-resistant enterococcus
(35). In vitro and animal studies showed that a low concentration of ethanol lock is
more effective than a vancomycin lock (36-37). However, a study of Slobbe et al. in an
adult setting showed that there is no evidence that ethanol locks significantly reduce
BSIs (38). Despite the promising BSI reduction effect, the field of application for CVC
locks is limited in the current NICU practice.

Inappropriate daily catheter hub care can also result in BSIs. These hubs are entered
many times a day for the administration of medication and fluids. A pilot-study in our
NICU and PICU showed that 24% of all hubs became contaminated (unpublished
data). Garland et al. showed that contaminated hubs were the strongest predictor of
subsequent catheter related BSls, followed by exit site colonization. It was estimated
that up to 67% of CVC related BSls were acquired intraluminally rather than extralumi-
nally (39). Appropriate hub and connector care is quite important, therefore. A recent
study concludes that there is a strong association between the connector scrub time and
pathogen growth status. A connector rubbing disinfection time from 10 to 15 seconds
resulted in a decreased rate of bacterial growth (40).

Stasis of fluids inside the connector may promote fibrin as a building block for bacte-
rial adhesion and biofilm formation (41-42). Coagulase-negative staphylococci and S.
aureus have surface cell receptors on which fibrin acts. The attachment results in rapid
colonization and the formation of more pathogen protecting biofilm (43). This biofilm
makes successful elimination difficult. A connector with zero dead space could counter
colonization with pathogens. A comparison between a split septum and zero fluid
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connector in immune-compromised cancer patients showed a significant reduction in
catheter related BSls in favor of the zero fluid connector (43). So, the use of zero fluid
connectors could contribute to BSI reduction (43).

The optimal connector scrub time of 15 seconds followed by a drying time of at least
30 seconds is hard to achieve in a clinical setting. Next to repeated education programs
one can alternatively choose to provide antiseptic barrier caps. The bactericidal effect
of these antiseptic caps is promising but has not yet been tested in a NICU setting (40,
44-45),

Having a dedicated CVC insertion team could also help to reduce catheter related
BSIs in preterm infants. Golombek et al. showed that a well-trained percutaneously
inserted central catheter (PICC) insertion team could effectively reduce BSls in ex-
tremely low birth weight infants (< 1000 g) (46). Catheters for the administration of total
parental feeding in preterm infants are preferably inserted in the lower extremities as
this strategy is associated with lower rates of BSI than insertion in the upper extremities
(50% vs. 86%, p < 0.05) (47).

Cost reduction

Elimination of preventable nosocomial infections could definitely cut back healthcare
cost seeing that treatment of these infections is very costly. The World Health Organiza-
tion estimated the yearly costs in the United Kingdom, the United States, and Mexico
at one billion pounds sterling, 4.5 - 5.7 billion US dollars, and 1.5 billion US dollars,
respectively (48). Also, preterm infants with a BSI used more resources such as longer
admission duration and additional clinical effort (21, 49). The directly measured ad-
ditional average NICU costs of VLBW infants with a nosocomial BSI amount to 14,500
euro (21, 49-50). Fewer BSls in preterm infants also reduces the associated long-term
disabilities that are also a financial burden for the community (51-52). The 40% de-
crease in the incidence of BSIs over a 10-year period documented in this thesis implies
that the yearly number of BSIs has decreased by about 45. Taking a conservative ap-
proach, this implies that we can save approximately 650,000 euro each year. Therefore,
an investment in infection prevention is certainly cost-effective. It would be worth to
perform more explicit cost-effectiveness studies and collect more detailed data.

Implications for practice

Hand hygiene is the cornerstone of infection prevention. Due to the washout effect,
however, repeated attention is needed to maintain high compliance with hand hygiene
protocols. Education, performance feedback, and reporting current BSI rate could help
promote. All key players should strongly support a shift in mindset from the idea that
nosocomial BSIs are inevitable to the awareness that they are preventable. We should
continue to fine-tune initiatives to improve the maximum barrier technique during
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insertion of central venous catheters and peripheral intravenous catheters. Newly de-
veloped knowledge should be discussed, optionally tested and possibly incorporated
into the insertion protocols.

Weak links in the process of preparing and administering IV medication and admin-
istration should be further assessed. For example hub disinfection and daily evaluation
of CVC need require more attention. Hubs should be rigorously disinfected before use.
A nurse friendly solution that prevents improper use should be explored. A daily recall
of a patient data management system should facilitate effective evaluation during the
daily patient round of a patient’s CVC need. Manufacturers’ initiatives to improve IV
procedures should be carefully examined before adopting them.

RECOMMENDATIONS FOR FUTURE RESEARCH

Benchmarking

Outcome measurements should be standardized internationally so as to allow for
meaningful comparison with findings from other research groups. Comparing experi-
ences and learning from each other by benchmarking could give a new boost to infec-
tion prevention interventions (53). The aim of benchmarking is to identify best practices
and improve outcome performance with the aid of another organization. Sharing data
on infections per 1000 CVC days as well as surveillance data will be necessary to
develop new preventive interventions. In practice, we need to compare data from neo-
natal intensive care units with comparable case mix, definition of sepsis, surveillance
methods, staff size, and number of admissions. Furthermore, the hospital management
should take an interest in infection prevention, be willing to share standard outcome
measurements, have an open mind, and be willing to alter practices to achieve BSI
reduction. Also, a national initiative could be considered in line with other benchmark-
ing programs such as the German NEO Krankenhaus-Infektions-Surveillance-System
(NEO-KISS); the USA National Healthcare Safety Network (NHSN); the UK Nosocomial
Infection National Surveillance Scheme (NINSS); the international Vermont Oxford
Network (VON) or the French Réseau d‘Alerte, d’Investigation et de Surveillance des In-
fections Nosocomiales (RAISIN) (53). It is questionable whether this information should
be made public or remain confidential by anonymous publishing. A comparison is only
meaningful if data are adjusted for important patient characteristics such as gestational
age, birth weight and severity of illness. A possible positive effect of public reporting
could be the higher priority given to infection prevention (54). Hospitals are willing to
improve procedures if positive publicity can be obtained. The positive effects could be
even stronger if boards of directors should take the lead in infection prevention.
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Collecting data

A large teaching hospital daily collects an enormous amount of data, mostly automati-
cally. Besides, professionals at many levels enter additional data manually in electronic
patient charts and patient data management systems. Regrettably, healthcare workers
often receive too little feedback to guide patient safety or quality of care improvement.
Hospital boards should take up this concept as a guiding principle and clearly facilitate
this kind of monitoring aimed to improve quality of patient care. In our hospital the
mainframe software is not designed to provide feedback. For instance, intelligent com-
puter software is being developed to support surveillance of CVC related BSls and to
provide fast feedback on effects of interventions to reduce CVC related BSls. A challenge
is to standardize the required data sets, which still vary widely between departments.
For example the description of CVCs and insertion location was not unequivocal in
the data management system, which compromised precise calculation. Furthermore,
information systems should be developed that enable institutional boards and national
safety inspection boards to evaluate quality of the care provided.

Behavior change

Changing hygienic behavior of healthcare professionals is the cornerstone of infection
prevention (35, 55). However, there is no single solution to alter the behavior of all dif-
ferent professionals. Physicians and nurses differ in learning styles; feedback from both
strongly promotes infection prevention measures (56-57). Nurses, nurse practitioners
and physicians are highly involved in patient care and their behavior can make the dif-
ference between putting an infant at greater or lower infection risk. In practice, carrying
out care procedures in an unsafe manner will raise the risk; applying all prescribed
hygienic precautions will lower it (58-59). NICUs often provide limited space between
the incubators and cribs, which situation is associated with a higher rate of nosocomial
infections (60). Single rooms or greater total area are preferable in the context of infec-
tion prevention.

Asking nurses, nurse practitioners and physicians to give mutual feedback on (in)cor-
rect hygienic behavior may improve safety of all kind of procedures such as insertion of
peripheral or central venous catheters, preparation of intravenous medication, and its
administration to the patient (56, 61). Nurse practitioners and physicians’ feedback will
be focused on the insertion procedure. Nurses are accountable for the administration of
intravenous medication according the institutional guidelines. In rotation all involved
nurses will be invited to provide at least five feedbacks on colleagues’ hygienic behav-
jor during the preparation and administration of intravenous medication. This may be
a powerful tool due to its reciprocity. For example, after telling a colleague that he or
she applied insufficient drying time after disinfection of a stopcock, this colleague’s
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hygienic behavior will probably improve the next time you are nearby. So, you recollect
your own feedback once given, and this will be a mutual function.

Partnerships within university hospitals

Partnerships on a national level, such as the Dutch quality of care consortium (Consor-
tium Kwaliteit van Zorg) could contribute to knowledge building on infection preven-
tion in infants and disseminate evidence based and best practice interventions among
NICUs in the Netherlands. This consortium consists of experts from the eight university
hospitals in the Netherlands and aims to improve quality of care by contributing to
national discussions, initiating quality improvement processes, and improving daily
patient care by applying scientific knowledge to practice. (www.nfu.nl/fileadmin/docu-
ments/12.5509_Samen_verantwoordelijk_Visie_NFU_2020.pdf).

CONCLUSIONS

We conclude that bloodstream infections affect a high proportion of VLBW infants ad-
mitted to a neonatal intensive care unit. Hand hygiene promotion programs and screen
savers providing gain framed messages improved hand hygiene compliance — and this
was associated with a significant reduction in the number of nosocomial bloodstream
infections in these infants. Electronic counting devices are well suited to monitor hand
hygiene. A further mindset change from inevitability to preventability of bloodstream
infections is needed and other strategies can further decrease the rate of nosocomial
bloodstream infections.
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Many very low birth weight (VLBW) infants admitted at a neonatal intensive care unit
(NICU) contract hospital-acquired or nosocomial infections. Improving hand hygiene
might reduce the risk of these infections.

This thesis has three parts. Part I, Challenges, provides background information on
strategies to improve hand hygiene compliance and presents the aims of the study. Part
I, Tools and interventions, describes a newly designed tool and two interventions to
improve hand hygiene. This part ends with an overview of ten years’ experience with
bloodstream infections (BSIs) in VLBW infants at the NICU of the Erasmus MC-Sophia
Children’s Hospital and the effect of hand hygiene promotion programs. Part Ill, General
discussion, provides a protocol for future research and a general discussion including
directions for future research.

Part I: Challenges

Chapter 1 provides an overview of the background and relevance of infection preven-
tion in NICUs. Nosocomial BSIs among VLBW infants are placed in a worldwide per-
spective. Infection rates in infants in low and middle-income countries are three to 20
times higher than those in high income countries. Most nosocomial infections among
adult intensive care unit (ICU) patients are device-related, like in the case of ventilator-
associated pneumonia, and urinary or central venous catheter related infections. The
incidence of nosocomial infection in adults receiving intensive care is lower than
that in VLBW infants in NICUs. In NICUs BSls are predominant causes of nosocomial
infections. Nosocomial BSls in preterm infants are associated with increased mortality,
morbidity, duration of admission, treatment costs, and risk of long-term disabilities.

Preterm infants are highly at risk for nosocomial BSls due to intrinsic and extrinsic
factors. The most important of the intrinsic factors are the immature innate immune sys-
tem, the diminished inflammatory response and immature humoral immunity includ-
ing complement system and shortage of immunoglobulin. The major extrinsic factor
is undergoing invasive procedures. Effective preventive measures are improved hand
hygiene, better catheter care, and implementing bundles of preventive measures these
combines the latter preventive interventions and add additional interventions such as
improved hub care, dressing care and daily evaluation central venous catheter need.
The Wold health Organization (WHO), and Centers for Disease Control and Prevention
(CDC) regard hand hygiene as the cornerstone of infection prevention.

Chapter 2 highlights that healthcare professionals as a united team should take the
lead in infection prevention. Healthcare professionals’ disinterested attitude towards
hand hygiene and meagre knowledge concerning infection prevention measures need
to change.

In chapter 3 we argue that once-only attention to hand hygiene and hand hygiene

techniques during nursing students’ education program is not enough to improve



Summary

hand hygiene in daily practice. Only repeated hand hygiene education will raise staff
awareness of the need of infection prevention. We must attempt to change healthcare
professionals’ attitude from a laissez-faire mind-set to one of team spirit reflecting ac-
countability for each BSI.

Chapter 4 reviews the effectiveness of non-pharmacological interventions for noso-
comial BSI prevention in infants admitted to a NICU. Five categories were identified:
hand hygiene, intravenous (IV) bundles, closed IV sets/ patches/ filters, surveillance,
and percutaneously inserted central catheter teams. IV bundles may decrease BSI rate
in infants. There is little evidence that activities of special catheter care teams result in
BSI reduction. Hand hygiene promotion leads to improved hand hygiene. However,
there is inconclusive evidence that this results to BSI reduction in infants.

Part Il: Tools and interventions

In chapter 5 we report that a hand hygiene education program was effective in reducing
the incidence of nosocomial BSIs in VLBW infants. The study includes two pretests and
two posttests. In total 1201 hand hygiene observations showed significantly improved
hand hygiene compliance. Furthermore, the proportion of infants with one or more
BSIs significantly decreased from 44.5% to 36.1%; and the infection rate per 1000
patient days significantly decreased from 17.3 to 13.5.

Chapter 6 describes the application of a new device that electronically counts the
use of bedside hand alcohol dispensers. With this device we monitored the use of hand
alcohol dispensers in the neonatal intensice care unit (NICU) over one-year period.
The median (interquartile range) number of hand disinfection events was 697 (559-
840). The median (interquartile range) number of hand disinfection events performed
per healthcare worker during the day, evening and nightshifts was 13.5 (10.8 - 16.7),
19.8 (16.3-24.1), and 16.6 (14.2-19.3), respectively. We concluded that the electronic
device provides useful information on frequency, time, and location of its use and
reveals trends in hand disinfection over time.

In chapter 7 we determined the effect of hand hygiene screen saver messages on
workstation screens throughout the NICU units. These messages were composed us-
ing the gain framed messages theory and emphasised the advantages of hand hygiene
rather than the risks of noncompliance. For the purpose of this study altruism was
added because improved compliance with hand hygiene is predominantly beneficial
for patients and less for healthcare professionals themselves. The negative trend in hand
hygiene events per patient day before the introduction of the screen savers (decrease by
2.3 per week) changed into a significant positive trend after the intervention (increase
of 1.5 per week). Direct observation confirmed these results.

Chapter 8 describes the long-term control of nosocomial BSls by sequential executed
hand hygiene promotion programs and identified longitudinal trends in causative
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pathogens for BSI. In total 1964 VLBW infants were admitted to our NICU over a
ten-year period. After the interventions the proportion of infants with one or more
BSI had decreased by 40% from 40.5% to 24.3%; the BSI infection rate per 1000
patient days by 58.9% from 19.7 to 8.1. An interrupted time series analysis showed
a significant increase of the BSI infection rate in the baseline period, upon which the
first intervention was followed by a significantly declined BSI trend change. The second
combined intervention resulted in a neutral trend change. BSIs were most often caused
by Gram-positive coagulase-negative staphylococci (67%), followed by S. aureus with
14%. The proportion of BSIs caused by staphylococci significantly decreased over time
suggesting improved hand hygiene compliance.

Part IlI: Discussion
Chapter 9 focuses on a study protocol in which we described a children’s hospital
wide CVC bundle infection prevention program encompassing a CVC insertion and
a CVC maintenance bundle. The insertion bundle includes a time-out procedure,
mobile screens to shield the covered patient and physician’s space to maintain full
barrier precautions during catheter insertion, and patient coverage for at least 80%.
The maintenance bundle includes proper disinfection of the ampoule followed by 30
seconds drying time and disinfection of the connection followed by 30 seconds drying
time. Pronovost’s theory will be used to guide the implementation process. Compliance
with insertion and maintenance protocols and BSls per 1000 CVC days will serve as
outcome measurements.
The general discussion, chapter 10, places our findings in a broader perspective. The

main conclusions are:

Improved hand hygiene lead to a significant reduction of the BSIs rate in VLBW

infants.

A multifaceted education program and screen savers messages improved hand

hygiene

Ongoing attention to this issue is needed.

Electronic counting devices could be utilized to monitor hand hygiene

The challenges presented by infection prevention should be taken up in a joined ef-

fort by all involved healthcare professionals in the division of Neonatology, depart-

ment of Medical Microbiology & Infectious Diseases, and department of Pediatrics.

Chapter 10 ends with suggestions for (near) future research, including bench marking

and ways to improve hub care.
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NEDERLANDSE SAMENVATTING

Zorggerelateerde bloedbaaninfecties komen regelmatig voor bij prematuur geboren
kinderen met een geboortegewicht kleiner dan 1500 gram die op een neonatale in-
tensive care zijn opgenomen. Goede handhygiéne kan het infectierisico verminderen.

Dit proefschrift bestaat uit drie delen. Deel |, Uitdagingen, geeft informatie over de
achtergrond en de doelen van dit proefschrift. Deel I, Instrumenten en interventies,
beschrijft een elektronisch systeem dat het handalcoholgebruik meet en twee inter-
venties ter verbetering van handhygiéne. Het eindigt met het effect van handhygiéne
stimulerende interventies bij ‘very low birth weight’ (VLBW) neonaten: pasgeborenen
met een geboortegewicht kleiner dan 1500 gram. De onderzoeken zijn uitgevoerd op
de afdeling neonatologie van het Erasmus MC-Sophia Kinderziekenhuis. Het hoofdstuk
sluit af met een overzicht van de incidentie van bloedbaaninfecties. Deel Ill, Algemene
discussie, bevat een onderzoeksprotocol dat beoogt om een ‘Sophia-brede’, uniforme
inbrengtechniek voor centraal veneuze katheters (CVK) en uniforme verpleegkundige
zorg voor de CVK te stimuleren en daarmee het aantal bloedbaaninfecties te vermin-
deren. Dit wordt gevolgd door een algemene discussie. Aanvullend worden aanbeve-
lingen gedaan voor toekomstig onderzoek en wordt afgesloten met een samenvatting
van het proefschrift.

DEEL I: UITDAGINGEN

Hoofdstuk 1 geeft een overzicht van de achtergrond en relevantie van infectiepreventie
op neonatale intensive care units (NICUs). Dit proefschrift gaat in op zorggerelateerde
of nosocomiale bloedbaaninfecties. VLBW neonaten worden vergeleken met andere
groepen patiénten. In ‘rijke landen’ doen nosocomiale infecties zich minder vaak voor
dan in landen met lage en ‘midden’ inkomens. Op intensive care (IC) afdelingen voor
volwassenen worden zorggerelateerde infecties meestal veroorzaakt door lichaams-
vreemde materialen. Een longontsteking kan ontstaan door een beademingsbuis,
urineweginfecties door blaaskatheters en bloedbaaninfecties door de centraal veneuze
katheters (CVKs). Het aantal nosocomiale infecties bij volwassenen opgenomen op
een IC afdeling is relatief laag in vergelijking met het aantal infecties bij neonaten
die opgenomen zijn op een NICU. Daarnaast hebben neonaten die zijn opgenomen
op een NICU in landen met lage en ‘midden’ inkomens een drie tot 20 keer zo grote
kans op een infectie als neonaten in dezelfde doelgroep in ‘rijke landen’. Op een
NICU bestaat het grootste deel van de nosocomiale infecties uit bloedbaaninfecties.
Deze bloedbaaninfecties komen verhoudingsgewijs veel vaker voor bij neonaten die
op een NICU zijn opgenomen dan bij volwassen IC-patiénten. Nosocomiale bloed-
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baaninfecties bij prematuren zijn geassocieerd met een verhoogde kans op overlijden,
bijkomende complicaties (zoals hersenbloeding, visusstoornis en chronische longaan-
doening), toegenomen opnameduur, hogere ziekenhuiskosten en blijvende handicaps.

Door intrinsieke en extrinsieke factoren hebben prematuren een verhoogd risico op
het krijgen van nosocomiale bloedbaaninfecties. De belangrijkste intrinsieke factoren
zijn de onrijpheid van een prematuur met een nog relatief onderontwikkeld afweersy-
steem, een beperkte inflammatoire respons en een tekort aan immunoglobulinen. Bij
de extrinsieke factoren dragen de invasieve procedures het meest bij aan het verkrijgen
van bloedbaaninfecties bij prematuren. Effectieve maatregelen zijn het toepassen van
correcte handhygiéne, hygiénisch werken volgens richtlijnen bij het inbrengen van
CVKs en optimaal hygiénische verpleegkundige zorg voor CVKs. De Wereldgezond-
heidsorganisatie en de Amerikaanse ‘Centers for Disease Control and Prevention’
beschouwen goede handhygiéne als de kern van preventieve maatregelen.

Hoofdstuk 2 benadrukt de noodzaak van leiderschap bij richting geven aan infec-
tiepreventie waarbij alle professionals, die betrokken zijn bij patiéntenzorg, optreden
als één team om infecties te verminderen. De soms slechte attitude ten opzichte van
handhygiéne en de vaak beperkte kennis over infectiepreventieve maatregelen moeten
verbeteren.

In hoofdstuk 3 wordt gesteld dat het eenmalig aan de orde laten komen van hand-
hygiénetechnieken, tijdens een opleiding tot verpleegkundige, niet toereikend is om
dit vervolgens consequent toe te passen. Het niet naleven van de handhygiéneregels
wordt namelijk niet alleen veroorzaakt door gebrek aan kennis, maar is ook zeker
een kwestie van attitude. Om het bewustzijn en het belang van goede handhygiéne te
verhogen is het herhalen van handhygiénescholing belangrijk. Het is een uitdaging om
de houding van de gezondheidszorg professionals te veranderen van ‘laissez-faire’ naar
een houding waaruit blijkt dat alle teamleden zich verantwoordelijk voelen voor elke
bloedbaaninfectie en daarnaar handelen.

In hoofdstuk 4 wordt een overzicht gegeven van mogelijk effectieve niet-farma-
cologische interventies die het aantal nosocomiale bloedbaaninfecties verminderen
bij kinderen opgenomen op een NICU. Er blijken vijf interventiecategorieén te zijn:
handhygiéne, infuusbundels (samengestelde interventies, met onder andere aseptisch
inbrengen van CVK en optimale hygiénische zorg tijdens verblijf CVK), materialen
(waaronder gesloten infuussysteem, afdekmateriaal, infuus filters), surveillance en
katheter inbreng-teams die CVKs inbrengen. Er is bewijs dat infuusbundels kunnen
bijdragen aan het verminderen van bloedbaaninfecties bij neonaten. Er is een beperkt
bewijs dat door katheter inbreng-teams het aantal bloedbaaninfecties vermindert. De
promotie van handhygiéne leidt weliswaar tot een verbeterde handhygiéne, maar er is
vanuit de literatuur geen eenduidig bewijs dat dit leidt tot minder infecties bij neonaten
opgenomen op een NICU.
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DEEL II: INSTRUMENT EN INTERVENTIES

Hoofdstuk 5 beschrijft een handhygiéne-scholingsprogramma en de evaluatie van
zowel de naleving van de handhygiéne richtlijnen als het effect hiervan op het aan-
tal nosocomiale bloedbaaninfecties bij VLBW neonaten. Het onderzoek bevat twee
voormetingen en twee nametingen. In totaal zijn er 1201 handhygiéne observaties
uitgevoerd die aantonen dat de naleving van de handhygiéne richtlijnen significant is
verbeterd. Het percentage kinderen met één of meer bloedbaaninfecties en het aantal
bloedbaaninfecties per 1000 opnamedagen is significant afgenomen van respectieve-
lijk 44,5% naar 36,1% en van 17,3 naar 13,5.

In hoofdstuk 6 wordt een nieuw instrument geintroduceerd, dat elektronisch het
gebruik van de handalcoholdispenser bij elke NICU bedplaats registreert. In een studie
is het gebruik van de dispensers gedurende een aaneengesloten periode van één jaar
gemeten. De mediaan (interquartile range) van het aantal handdesinfectiemomenten
per dag is 697 (559-840). De mediaan (interquartile range) van het aantal hand desin-
fectie momenten per afdelingsmedewerker gedurende de dag-, avond- en nachtdienst
is respectievelijk 13,5 (10,8-16,7), 19,8 (16,3-24,1) en 16,6 (14,2-19,3). Er kan worden
geconcludeerd dat de elektronische dispensers nuttige gebruikersinformatie geven.
Deze informatie kan toegepast worden om trends over een langere periode te genere-
ren.

Hoofdstuk 7 beschrijft een onderzoek naar het effect van berichten over handhygiéne
die getoond worden als screensavers op werkstations op de NICU. Als theoretische
achtergrond wordt ‘gain-framed’ berichten gebruikt. Bij deze theorie worden de voor-
delen van het gewenste gedrag, een goede handhygiéne, benadrukt en niet zozeer de
risico’s van het niet naleven van het gewenste gedrag. Een verbeterde handhygiéne
komt vooral ten goede aan patiénten, eigenbelang speelt meestal geen rol. Daarom
is als extra motivator altruisme toegevoegd. De screensaver-berichten hebben gere-
sulteerd in een toename van het aantal handhygiénemomenten. Directe observaties
bevestigen deze resultaten. Kortom: het gebruik van screensaver-berichten lijkt een
effectieve manier om de handhygiéne te verbeteren.

Hoofdstuk 8 beschrijft een studie over de lange termijn resultaten van opeenvolgende
infectiepreventiemaatregelen op bloedbaaninfecties. Daarnaast wordt een overzicht
gegeven van de verwekkers van bloedbaaninfecties gemeten over een periode van tien
jaar van 2002 tot 2011. Gedurende deze periode zijn in totaal 1964 VLBW neonaten
opgenomen geweest. De incidentie van nosocomiale bloedbaaninfecties is met 40%
afgenomen van 40,5% naar 24,3%. Het aantal nosocomiale bloedbaaninfecties per
1000 opnamedagen is met 58,9% afgenomen van 19,7 tot 8,1. De bloedbaaninfecties
worden grotendeels veroorzaakt door Gram-positieve micro-organismen, coagulase-
negatieve stafylokokken (67%) en S. aureus (14%). Het aandeel bloedbaaninfecties
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veroorzaakt door stafylokokken verminderde significant gedurende de meetperiode,

hetgeen een verbeterde handhygiéne suggereert.

DEEL I11: ALGEMENE DISCUSSIE

In hoofdstuk 9 wordt een ziekenhuisbreed CVK protocol voor een toekomstige studie
beschreven voor het Erasmus MC-Sophia. Het protocol bevat zowel een bundel voor
het inbrengen van een CVK als voor de verpleegkundige zorg. De inbreng-bundel
omvat een time-out procedure, een scherm om patiént en inbrenger te scheiden van
de onsteriele omgeving en het voor tenminste 80% afdekken van de patiént met steriel
afdekmateriaal. De verpleegkundige zorgbundel bevat bijvoorbeeld het desinfecteren
van de ampul of het septum. Het gedesinfecteerde oppervlak moet tenminste 30 se-
conden aan de lucht gedroogd worden. Na het desinfecteren van het aansluitpunt bij
de patiént dient men deze eveneens tenminste 30 seconden te laten drogen. Voor het
implementatieproces van de protocollen zal gebruik gemaakt worden van Pronovost’s
implementatietheorie. De naleving van het protocol voor het inbrengen van de CVK
en het CVK verpleegkundige zorg protocol, evenals het aantal bloedbaaninfecties per
1000 CVK dagen zullen gebruikt worden als uitkomstmaten.
In de Algemene discussie, hoofdstuk 10, worden de bevindingen in een breder

perspectief geplaatst. De belangrijkste conclusies zijn:

Infectiepreventieve maatregelen bij kinderen met een geboortegewicht kleiner dan

1500 gram leiden tot een significante vermindering van het aantal nosocomiale

bloedbaaninfecties.

Een samengesteld infectiepreventie programma en screensaver-berichten verbete-

ren de handhygiéne bij medewerkers.

Terugkerende aandacht voor infectiepreventie is noodzakelijk.

Handalcohol dispensers met een ingebouwde elektronische teller kunnen worden

gebruikt voor het monitoren van handhygiéne.

Toekomstige preventieve interventies en een continue samenwerking tussen mede-

werkers van de NICU, medewerkers van de afdeling Medische Microbiologie en

Infectieziekten en de afdeling Kindergeneeskunde kunnen mogelijk bijdragen aan

een lagere incidentie van bloedbaaninfecties.

Hoofdstuk 10 besluit met suggesties voor toekomstig onderzoek, inclusief benchmar-

king en verbeterende hygiénemaatregelen voor infuusbijspuitpunten.

171



172

List of abbreviations
LIST OF ABBREVIATIONS
BSI Bloodstream infection
BW Birth weight
CA-BSI Catheter associated bloodstream infections
CDC Centers for Disease Control and Prevention
Cl Confidence interval
CoNS Coagulase-negative staphylococci
CPAP Continuous positive airway pressure
CRBI Catheter related bloodstream infections
CRIB Clinical risk index for babies
CRP C-reactive protein
CvC Central venous catheter
D Day
E. coli Escherichia coli
ELBW Extremely low birth weight
G Gram
GA Gestational age
H Hours
HAI Healthcare-associated infections
HC High care
HCP Healthcare professional
HCW Healthcare worker
HH Hand hygiene
IC intensive care
IQR Interquartile range
ITS Interrupted time series
\Y Intra venous
MD Medical doctor
MRSA Methicillin-resistant Staphylococci Aureus
NA Not available
NICU Neonatal intensive care unit
NP Nurse practitioner
Nurse ass Nurse assistant
PDMS Patient data management system
PICC Percutaneously inserted central catheter
PICU Pediatric intensive care unit
RCT Randomized clinical trial

S. aureus Staphylococcus aureus
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SE Standard error
SPSS Statistical package for social science
VLBW Very low birth weight

WK Week
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Collega verpleegkundigen, artsen, afdelingsmanagement, verpleegkundig specialisten,
zorgassistenten, afdelingsassistenten en alle andere medewerkers van de intensive care
neonatologie. Jullie hebben een hele grote klus geklaard met het drastisch verminderen
van het aantal bloedbaaninfecties. Infectiepreventie staat op de kaart; een infectie
overkomt een kind niet zomaar en jullie vervullen een actieve rol om dit te voorkomen.
Een goede graadmeter zijn de ouders van kinderen op onze afdeling. Zij zeggen dat
infectiepreventie een belangrijke plaats heeft op de afdeling. In het kinderziekenhuis
maar ook daarbuiten, geniet onze afdeling bekendheid omdat er veel bereikt is op het
gebied van infectiepreventie. Ik ben trots dat we dit hebben bereikt en hoop met jullie

steun een nog veiligere zorg te bieden aan de kinderen die ons zijn toevertrouwd.

Prof. dr. J.B. van Goudoever, beste Hans, jij nam deel aan het gesprek met prof. dr.
Luc Zimmermann waarin werd toegezegd dat ik als eerste verpleegkundige met een
masters opleiding op de intensive care neonatologie een wetenschappelijke functie
mocht vervullen. Het woord ‘promotie’ is tijdens dit eerste gesprek al gevallen. Hierop
reageerde ik: “Laat mij eerst maar eens een onderzoek doen en dit tot een goed eind
brengen, dan zien we wel weer verder”. En zo geschiedde, eerst twee kleinere studies
en daarna volgde deze grotere studie. lk ben je erg dankbaar dat je me de kans en
de steun hebt gegeven om naast patiéntenzorg, een ander deel van het academisch
kinderziekenhuis te ontdekken.

Prof. dr. ir. J. Brug, beste Hans, in de kliniek werken veel experts met kennis over de
verpleegkundige en medische kant van de patiéntenzorg. Een deskundig op het gebied
van implementatieprocessen ontbrak: iemand die weet hoe je verworven kennis over
de meest effectieve interventie daadwerkelijk in de praktijk toepast. Om deze brug te
kunnen slaan, had ik jouw expertise en steun nodig. Ondanks je werkzaamheden in
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het EMGO instituut van de VU Amsterdam, gaf je op de juiste tijd essentiéle support.
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gewerkt aan het verbeteren van de patiéntenzorg door het verminderen van het aantal
bloedbaaninfecties. Het eerste artikel van de klinische studie kwam tot stand na een
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Prof. dr. H. Verbrugh, beste Henri, hartelijk dank dat je in de kleine commissie zitting
wilde nemen voor het beoordelen van het manuscript.

Prof. dr. A.J. van der Heijden, dr. N. Hartwig en dr. A. van den Hoogen bedank ik voor
het plaatsnemen in de commissie. Heel bijzonder Agnes dat je, als collega verpleeg-
kundig onderzoeker en expert op het gebied van infectiepreventie vandaag opponeert.

Masterstudenten: Daniél Waarsenburg, Marcha Wouterson, Marlou op de Weegh en
Joyce van der Weijde, bedankt voor jullie bijdragen bij het verzamelen van de data
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Yvonne Kant in het verleden werkzaam als unithoofd en nu als sectormanager, je
hebt aan de wieg gestaan bij de ontwikkeling van zorgonderzoek. De noodzaak van
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onderzoek door verpleegkundigen vond je evident. Trots was je bij het bekend worden
van de reductie van het aantal bloedbaaninfecties. Voor jou tastbare c.q. meetbare
resultaten in de verbeterig van directe patiéntenzorg. Er zijn nog meer uitdagingen op
het gebied van infectiepreventie, die wil ik graag met jouw steun aangaan.

Caspar Looman, dank voor alle weloverwogen statistische adviezen. Je steun bij de
voor mij aanvankelijke complexe interrupted time series analyses was groot.

Ko Hagoort, dank voor je kritische blik en zeer waardevolle adviezen bij het ‘editen’
van manuscripten. Jouw manier van ‘editen’ gaat verder dan alleen het lekker laten
lopen, je gaf vaak belangrijk inhoudelijke commentaar waarmee de artikelen verder
verbeterd konden worden.

Zorgonderzoekers van het Erasmus MC-Sophia: Coby de Boer, Jos Latour, Erwin Ista,
Monique van Dijk en Anneke Boerlage. Heel veel dank voor jullie betrokkenheid,
inzet, samenwerking en gezelligheid tijdens mijn promotieproces. Sparren, advies of
je frustratie delen is van groot belang geweest. Als zorgonderzoekersgroep hebben we
ongelooflijk veel kennis en kunde in huis en dat werkt zeer stimulerend.

Kamergenoten Ellen van ‘t Verlaat en Annelies Bos, fijn dat jullie mijn kamergenoten
zijn. Ik hoop dat we nog vaak lekkere koffie kunnen drinken.

Mijn paranimfen Hans Helder en Jan van Gorp wil ik wel heel bijzonder danken, jullie
beiden stonden al vaker naast mij.

Hans, je doet onderzoek naar nematoden aan de Wageningen University, mede door
jou heeft wetenschappelijk onderzoek mijn belangstelling gekregen. Een tijd terug was
ik jouw paranimf en nu ben ik ben heel trots om je naast me te hebben, voorafgaand,
tijdens en na de promotie. Veel steun heb ik van je gekregen tijdens mijn ‘Master of
Science in Nursing’. Hans door jou heb ik gemerkt dat wetenschap geen solitaire aan-
gelegenheid is, samenwerken is noodzakelijk om in onderzoek je grenzen te verleggen.

Jan, we hebben gemeenschappelijke ‘roots’ en toch verschillende ontwikkelingen
doorgemaakt. De belangen van de patiént vooropzetten en verandermanagement zijn
onderwerpen die ons beiden raken. Gedrag veranderen blijkt een lastige klus. Ondanks
de drukke tijden vonden we tijd om samen fietstochten te maken zoals de pelgrimsvaart
naar Santiago de Compostela, dat moeten we maar lang volhouden.

Ineke Breugem, tante en veel meer dan een lieve tante. Jij hebt me enthousiast gemaakt
voor de kinderverpleegkunde. Toen al had je de ontegenzeggelijk vooruitziende blik,
dat schrijven in (wetenschappelijke) vakbladen, mijn toekomst zou zijn. Je nodigde mij
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uit om in ‘Tijdschrift voor de Ziekenverpleging’ een artikel te schrijven over de voor- en
nadelen van ‘rooming in’; ouders die tijdens de ziekenhuisopname bij hun kind mogen
slapen. ‘Rooming in” was het onderwerp van mijn HBO-Verpleegkunde afstudeerscrip-
tie en het artikel werd kort na mijn diplomering gepubliceerd. Ineke, je was aanwezig
bij veel hoogtepunten en ik hoop dat we nog talrijke gezellige momenten met elkaar
zullen hebben.

Lieve pa en ma dank voor de liefdevolle opvoeding die mij mede gevormd heeft.
Gastvrijheid en zorgzaamheid voor de ander zijn bij jullie altijd belangrijke pijlers,
die ik eveneens probeer uit te dragen. Ma in je werkzame leven was je niet alleen een
verpleegkundige maar ook een mooi voorbeeld van betrokkenheid. Pa: “Je moet niet
verder willen springen dan dat je polsstok lang is”, met wilskracht en enthousiasme kan
je best ver springen. Goed om jullie trotsheid te ervaren.

Lieve Lotte en Joep. Jullie zijn geweldige kinderen en ik ben er trots op om jullie vader
te zijn. Afgelopen periode is er veel vrije tijd in het schrijven van dit proefschrift gaan
zitten, maar gelukkig hebben we ook tijd gevonden om veel leuke dingen met elkaar
te doen. Onvergetelijke reizen, ontmoetingen en zien hoe jullie je ontwikkelen, ik wil
het allemaal graag blijven meemaken.

Lieve Marion, nu 22 jaar gelukkig samen. Jouw steun is voor mij erg belangrijk geweest
en het is altijd heerlijk om thuis te zijn. Dit en echt belangrijke zaken van het leven,
zoals vrienden, bergen, muziek, natuur en fietsen, ik hoop dat we dat nog lang samen
mogen beleven.
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Infecties

Beste mensen opgelet

een nieuw beleid wordt ingezet

de vorige vertoonde nog wat scheuren
Velen worden er gered

maar enkelen nog steeds besmet

dus staat er jullie heel wat te gebeuren....

Als het gaat om hygiéne

en wat er wordt verwacht
Dan zijn het serieuze zaken
neem de regels goed in acht

Jongens denk aan de infecties
neem je tijd voor je injecties
Hou de boel goed schoon

En vindt dit heel gewoon

Het is een helder verhaal

Jongens denk aan de infecties
neem je tijd voor je injecties
Hou de boel goed schoon

En vindt dit heel gewoon

Dat geldt voor ons allemaal

Zit niet aan je neus

krap niet aan je kont
blijf van je haren af

je handjes voor je mond

Kriebel in je oor

koffie in je snor

‘t gaat allemaal vanzelf en
soms heb je ‘t niet door

Als het gaat om hygiéne

en wat er wordt verwacht
Dan zijn het serieuze zaken
neem de regels goed in acht

Denk niet bij het handen wassen
dit duurt een eeuwigheid

Je moet die tijd inlassen

dus doe wat nuttigs met die tijd

Doe gewoon een dansje neem een liedje in je hoofd

of denk maar aan iets stouts wat je je partner hebt beloofd
Droom maar even weg, ga lekker naar een warm land

zie jij jezelf al liggen met een biertje in je hand

Je voelt je echt gelukkiger het maakt je even blij

Ga dan weer vrolijk en schoon aan de slag
Dertig seconden zijn zo voorbij

Bron: Speelman en Speelman
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