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Abstract The objective of this review was to summarize
the current knowledge base on the prevention of nosocomial
infections in pediatric intensive care units (PICUs).
Healthcare-associated infections (HAIs) are a crucial prob-
lem in PICUs because of their impact on patient outcome,
length of hospital stay, and costs. Studies published between
1998 and 2011 were identified using the MEDLINE and
Cochrane databases. Randomized, cohort, case—control
studies, and meta-analyses concerning global strategies of
prevention, general organization of the wards, general rec-
ommendations on antibiotic management, and measures for
the prevention of ventilator-associated pneumonia (VAP),
bloodstream infections (BSIs), urinary tract infections
(UTlIs), and surgical site infections (SSIs) were incorporat-
ed. Limits of age from 1 month to 18 years were used. When
recommendations could not be supported by the pediatric
literature, adult studies were also reviewed. This review
excludes the neonate population. Specific pediatric data
are often lacking so as to establish specific evidence-based
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pediatric recommendations. This review underlines the ab-
solute necessity of pediatric studies and to harmonize the
definitions of HAIs.

Introduction

Healthcare-associated infections (HAIs) are a major prob-
lem in intensive care units (ICUs) because of the severity of
the patients and the invasive devices frequently required.
The impact of HAIs on patient outcome and length of
hospital stay and the underlying economic consequences
have been clearly demonstrated [1-3]. Some factors have
an overall incidence on HAI rates: length of hospital stay
prior to admission to intensive care, workload, staffing
level, and blood transfusion rate [4—6]. The Centers for
Disease Control and Prevention (CDC) defines an HAI as
a localized or systemic condition resulting from the presence
of an infectious agent without evidence that the infection
was present or incubating at the time of admission to the
acute care setting [7]. Criteria for specific types of infection
have also been published by the CDC [7]. However, these
definitions can differ between countries, making compari-
sons of incidences and prevalences difficult [§]. In 2000, a
European study reported a global prevalence of 23.6 % in
pediatric intensive care units (PICUs) and, in 2002, an
American study reported a rate of 12 % [9, 10]. Pediatric
specificities related to immunological immaturity of the
patients and to the difference concerning involved patho-
gens compared to adult care units [11] make recommenda-
tions established for adults inadequate. Pediatric studies are,
however, rare and often present a limited power. In this
context, the purpose of this report is to review the current
knowledge base on the prevention of nosocomial infections
in PICUs, reviewing general and specific strategies aimed at
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reducing the risk of acquiring HAIs. The neonate population
is not concerned by this review. The HAI prevention strat-
egies which have proved or suggested their efficacy in
PICUs are summarized in Table 1.

Data source and study selection

Research was performed using the MEDLINE and Cochrane
databases using limits of age from 1 month to 18 years.
Randomized, cohort, case—control studies, and meta-
analyses published in English or French between 1998 and
2011 were incorporated. When recommendations could not be
supported by the current pediatric literature, we had to extrap-
olate from data provided by adult studies.

Global strategies of education for the prevention of HAIs

Some recent pediatric studies have demonstrated the
necessity for the introduction of global strategies for

the prevention of HAI in PICUs. In a 292-bed tertiary
care children’s hospital, a stepwise introduction of
interventions designed to reduce infection rates, includ-
ing maximal barrier precautions, transition to antibiotic
impregnated central venous catheters, annual hand
washing campaigns, and changing the skin disinfectant
from povidone—iodine to chlorhexidine, decreased annu-
al rates of bloodstream infections from 9.7/1,000 days
with a central venous catheter in 1997 to 3.0/1,000 days
in 2005 [12]. In a pediatric cardiac ICU, a multidisci-
plinary, evidence-based initiative also resulted in a sig-
nificant reduction in central line-associated bloodstream
infections [13]. The efficacy of such educational inter-
ventions has also been proved in decreasing ventilator-
associated pneumonia (VAP). In a preintervention and
postintervention observational study including children
and adults from four American hospitals, Babcock et al.
found decreased VAP rates from 8.75/1,000 ventilator
days in the year prior to the intervention to 4.74/1,000
ventilator days in the 18 months following the inter-
vention (p<0.001) [14].

Table 1 Summary of strategies in regard to the prevention of healthcare-associated infections (HAISs) in pediatric intensive care units (PICUs)

Class of interventions Recommended measures

Not evidence for recommendation

Global strategies of

prevention
General organization of * Positive pressure and high-efficiency air replacement for immuno-
the wards compromised patients

* Introduction of educational interventions

Particular architecture of the unit

* Use of negative-pressure rooms for carriers of pathogens at risk of

transmission

Management of * De-escalation of antibiotics

antibiotics

Prevention of VAP * Semi-sitting position

* Change of the circuits when visibly soiled or malfunctioning

» Implementation of protocol to reduce sedation and minimize the

duration of mechanical ventilation

 Reduce the length of treatment for VAP except for non-fermenting

Gram-negative bacilli

Prevention of CRBSI

* Use of chlorhexidine-impregnated dressing

» Administration set replacement every 96 h if no administration of lipid

or blood products

» Administration set replacement 24 h after lipid and blood products

perfusion

Prevention of UTIs » Early ablation of urinary catheter

« Insertion-site skin disinfection with chlorhexidine solutions

Antimicrobial cycling

* Stop empiric antibiotic treatment if infection is not proved

* Systematic use of close tracheal suction
system

* Heat and moisture exchanger

* Systematic change of ventilators circuits

* Selective decontamination of the
selective tract

* Avoiding stress ulcer prophylaxis
* Prefer a catheterization site

* Continuous infusion of heparin in
central venous catheter

* Use of heparin-bonded catheter

* Prophylactic continuous administration
of antibiotics

* Precaution of asepsis during the pose of the catheter

» Use of a closed drainage device

Prevention of surgical
site infection

* Close of sternum as soon as possible after cardiac surgery
* Avoid ABP beyond 48 h (unclear if thoracostomy tubes not removed)

VAP, ventilator-associated pneumonia; CRBSI, catheter-related bloodstream infection; UTIs, urinary tract infections; ABP, antibiotic prophylaxis
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General organization of the wards

There are no specific pediatric data available concerning the
relationship between the architecture of the units and the
rate of HAIs. In adult ICUs, no particular ward design (U,
square, or line) has demonstrated its superiority in terms of
the reduction of HAIs. As described in a review published in
2004, conclusions of studies on the impact of the general-
ization of one-bed rooms are conflicting [15], with two of
them finding a benefit [16, 17] and two others finding no
significant difference [18, 19]. In critical care units, the
management of air-transmitted infection is more and more
crucial because of the increasing rate of immunocompro-
mised patients in these units. This concerns environmental
pathogens, in particular, Aspergillus. Even though no study
has shown any advantage of the specific treatment of air, the
use of positive pressure and high-efficiency air replacement
systems should be recommended [20]. Concerning patients
requiring isolation because of pathogens presenting risks of
transmission to others and staff, experts also recommend the
use of negative-pressure rooms [21].

General recommendation on antibiotic management

The protocols for the optimization of the use of antibiotics
aim for a de-escalation of antibiotic use in order to reduce
their spectrum and for the reduction of the length of treat-
ment. Studies of de-escalation have, above all, demonstrated
that this practice is possible in about half of all infections
after empiric treatment [22]. Only one study performed in
two neonatal ICUs has demonstrated the impact of the
reduction of the spectrum of antibiotics in regards to the
reduction of HAI and resistance rates [23]. No specific
pediatric study has focused on this problem.

Otherwise, there is not enough evidence in adult nor in
pediatric studies to recommend the use of antimicrobial
cycling for the prevention of HAIs.

Even though pediatric studies are missing, the adult data
strongly suggest that too large an antibiotic spectrum and/or
excessive length of treatment are associated with negative
effects in regards to infections and resistance rates in ICUs.
In this context, reasonable and controlled antibiotic use may
also be a major objective in PICUs.

Prevention of VAP

Pneumonia is the second most common HAI in the PICU,
representing between 20 % [3, 24] and 53 % of HAISs, as found
in the European study previously cited [10], and 95 % of
nosocomial pneumonia occur in mechanically ventilated
patients. The specific incidence of VAP represents 2.9 to

11.6/1,000 ventilator days [25-27]. Pneumonia increases the
ICU length of stay and overall care cost, but the influence on
mortality is not demonstrated, unlike in adult patients [24, 27].
There are few publications in pediatric populations and, as
described in two recent reviews, most guidelines are largely
supported by data from adult populations [28, 29]. As in
adults, several factors have been implicated in the physiopa-
thology of VAP: aspiration of oropharyngeal secretions, aspi-
ration of gastric fluid, and inhalation of bacteria. In children,
the role of gastroesophageal reflux must play a central role
because of its incidence in healthy children [30], although its
incidence in the ICU population is unknown. In this context,
the prevention of VAP with non-medicinal and medicinal
means is a high priority.

Non-medicinal means

Neither oral nor tracheal intubation has shown superiority
when considering HAIs. However, microaspirations seem to
be more frequent with orotracheal intubation, as assessed by
a prospective study published by Amantéa et al., reporting
that pediatric patients with orotracheal intubation presented
a 5-fold increase in tracheal aspiration when compared with
nasotracheal intubation [31]. However, this study did not
demonstrate any reduction in VAP. As children younger
than 1 year of age present anatomical particularities such
as large tongue size and frequent sucking motions, nasotra-
cheal intubation should be recommended for these reasons,
but not for the prevention of VAP.

Otherwise, even though the reduction of VAP with cuffed
endotracheal tubes has not been proved in pediatric popula-
tions, it seems to reduce the prevalence of microaspirations,
as assessed by Gopalareddy et al. measuring gastric pepsin
in tracheal aspirates [32].

Even though closed endotracheal suction systems are
usually used in PICUs, their efficacy for the reduction of
VAP has never been evaluated in pediatric populations.
However, as the physiopathology of VAP does not differ
in children and adults and as three meta-analyses comparing
open and closed tracheal suction systems did not find any
significant difference, there is no evidence-based reason to
prefer closed systems more than open systems for the pre-
vention of VAP in PICUs [33-35].

Recent studies of the impact of the humidification system
of the airways (heat and moisture exchanger or heated
humidifier) on VAP have revealed conflicting results in
adult patients [36—39]. In children, the data are insufficient
to recommend the use of heat and moisture exchangers.

Concerning the periodic change of ventilator circuits,
data are also lacking, but adult studies have demonstrated
that systematic change does not reduce the incidence of VAP
and, thus, is not recommended. However, the change of the

@ Springer



2484

Eur J Clin Microbiol Infect Dis (2012) 31:2481-2490

circuits when visibly soiled or malfunctioning is recommen-
ded [40, 41].

Otherwise, the length of ventilation and the number of
extubation failures are clearly identified as independent risk
factors for VAP in pediatric patients [42]. As the prolonga-
tion of ventilation and extubation failure rates are associated
with a deep sedation [43, 44], the reduction of sedation
administration may be an effective target to reduce VAP.
In this context, studies performed in adult populations have
demonstrated that daily interruption of sedative infusions or
the use of a nurse-implemented sedation protocol could
reduce sedation administration, duration of mechanical ven-
tilation, unplanned extubation rate, and VAP incidence [45,
46]. The role of these sedation protocols have been poorly
investigated in PICUs, but may offer some potential benefit
for the reduction of VAP in this population [47].

The benefit of early enteral nutrition in pediatric critical
care has been clearly demonstrated, decreasing morbidity
and mortality, but there is no pediatric study comparing the
impact of continuous versus discontinuous and gastric ver-
sus duodenal enteral feeding on VAP incidence.

In adults, Drakulovic et al. identified supine body posi-
tion as a risk factor for VAP compared to semi-recumbent
position [48], but the best resting angle was not determined
[49]. In children, no specific study analyzed the influence of
a head-of-bed elevation on the incidence of nosocomial
pneumonia, but the interaction between the position and
gastroesophageal reflux was described in a meta-analysis
in 2004 [50]. The benefit of the semi-sitting position was
unclear, but prone positioning, which can be safely per-
formed in critically ill children [51], decreased the reflux
index. In conclusion, as in adults, the semi-sitting position is
recommended with an unknown angle and prone position-
ing should have a preventive effect on VAP.

Medicinal means

In the PICU, gastrointestinal bleeding, for which identified
risk factors are mechanical ventilation, thrombopenia, and a
Pediatric Risk of Mortality (PRISM) score >10 at the time of
admission to the acute care setting, concerns about 10 % of
patients and is responsible for increased length and costs of
hospitalization [52]. This prompts physicians to prescribe
stress ulcer prophylaxis to the patients at risk. Two pediatric
studies have evaluated the impact of this treatment on VAP
incidence. Yildizdas et al. compared three prophylaxis strate-
gies (ranitidine, sucralfate, and omeprazole) to a control group
and did not find any significant difference with regards to VAP
incidence [53]. Lopriore et al., comparing sucralfate, raniti-
dine, and a placebo, found similar results [54]. Furthermore,
the upper airway colonization rate was not different among the
three groups. These results were recently confirmed by a
meta-analysis including 132 patients [55]. Thus, as in adults,
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stress ulcer prophylaxis does not seem to be a risk factor for
VAP in PICUs.

There are no pediatric data concerning the benefit of oral
decontamination for the prevention of VAP. In adult critical
care units, selective decontamination of the digestive tract
(SDD) is very controversial. This concept is based on the
rationale that most cases of VAP are the consequence of the
colonization of the oropharynx and the digestive tract by
pathogens. SDD associates an antibiotic treatment by local
application and a parenteral injection. Even though large
studies and a meta-analysis present positive effects of SDD
on the incidence of VAP and on mortality [56—58], without an
effect on the resistance of bacteria to antibiotics, the medical
community remains very hesitant as to its generalization, and
these measures are not recommended by the CDC [59]. As a
consequence, SDD is not a generalized practice in critical care
units. In PICUs, its benefit has been poorly evaluated. One
randomized study including 23 severely burned children eval-
uated the effect of a selective decontamination of the digestive
tract by oral treatment and did not reveal any difference in the
incidence of infections. Furthermore, colonization rates of the
wound, sputum, nasogastric aspirates, and feces were similar.
However, patients in the SDD group had a significantly higher
incidence of diarrhea [60]. In a prospective, randomized, non-
blinded, and controlled clinical microbiology study including
244 critically ill pediatric patients with or without SDD asso-
ciating a triple therapy with colimycin, tobramycin, and nys-
tatin to an oral decontamination with chlorhexidine, SDD
acted as a protective factor of VAP. However, it did not reduce
the incidence of other types of nosocomial infection [61].
These controversial data, combined with extrapolated data of
adult studies, are not currently sufficient to recommend SDD
as an effective measure for the prevention of VAP in children.

Impact of the length of antibiotic treatment of VAP
on the risk of recurrent infections and on resistance rates

In a large cohort of adults having developed VAP, Chastre et
al. have demonstrated that patients treated for 8 days com-
pared to 15 days had neither excess mortality nor more recur-
rent infections, but had more antibiotic-free days. Among
patients who developed recurrent infections, multiresistant
pathogens emerged less frequently in those who had received
8 days of antibiotics. However, when analyzing the specific
group of patients with VAP caused by non-fermenting Gram-
negative bacilli, including Pseudomonas aeruginosa, these
patients did not have more unfavorable outcomes when anti-
microbial therapy lasted only 8 days, but they did have a
higher pulmonary infection—recurrence rate compared with
those receiving 15 days of treatment [62]. In a prospective
before and after study, Ibrahim et al. demonstrated that the
implementation of a standardized antimicrobial guideline for
the treatment of VAP could significantly reduce the duration
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of antimicrobial treatment and the occurrence of a second
episode of VAP [63]. In another study, adult patients were
assigned to have the duration of antibiotic treatment for VAP
determined by an antibiotic discontinuation policy (discontin-
uation group) or their treating physician teams (conventional
group). There was no difference in regard to the recurrence of
a secondary episode nor with resistance rates, but the duration
of antibiotic treatment was statistically shorter among patients
in the discontinuation group [64].

In this context, some authors have focused on the benefit
of the use of inflammatory markers, in particular, procalci-
tonin (PCT), for the reduction of antibiotic treatment length
[65]. Kopterides et al. recently published a meta-analysis of
seven randomized, controlled studies including 1,010 adults
and the 121 neonates of the previously cited study, but no
pediatric patients. They concluded that the implementation
of PCT-guided algorithms decreased the duration of antibi-
otic therapy for the first episode of infection by approxi-
mately 2 days and the total duration of antibiotic treatment
by 4 days. The comparison between the PCT and the routine
practice group was not associated with any apparent adverse
clinical outcome: 28-day mortality, ICU length of stay, and
relapsed/persistent infection rate [66]. Only one study of this
meta-analysis monitored the percentage of emerging
multidrug-resistant bacteria without disclosing any signifi-
cant difference between the PCT and the routine practice
group (17.9 % vs. 16.6 %, p=0.67) [67].

Prevention of BSIs

The incidence of intravascular catheter-related bloodstream
infections (CRBSIs) is not easy to evaluate because of the
differences in definitions and because infection rates are
expressed differently from one study to another. The Amer-
ican National Nosocomial Infections Surveillance System
(NNIS) reports a mean incidence density of 6.6/1,000 days
of catheter in PICUs [25]. CRBSIs are associated with an
increase of hospitalization length and costs, but also of
morbidity and mortality [68], thereby, CDC guidelines were
published in 2002 [69]. Risk factors have been described in
several studies and reviews [70, 71]: under 2 years of age,
neutropenia and tumor pathology represent the most impor-
tant risk factors. Events linked to hospitalization such as
intra-hospital transport, parenteral nutrition, and repeated
handlings of the catheter are also predisposing situations.
In Europe, bacteria responsible for CRBSIs in PICUs are, in
order of frequency, coagulase-negative Staphylococcus spp.,
Enterococcus spp., Staphylococcus aureus, Gram-negative
bacilli, and Candida spp. [10].

Contrary to adults, femoral insertion of the catheter is not
identified as a risk factor of CRBSI. In a large prospective
observational study evaluating 1,092 catheters in 20 Spanish

PICUs, the rate of CRBSI was not significantly related to
the insertion site [72]. Similar results have been reported in a
non-randomized study evaluating 308 catheters [73]. Even
in the absence of a randomized study, no recommendation
can be made concerning the catheterization site. There is no
available pediatric study evaluating the benefit of peripher-
ally placed percutaneous central venous catheters.

Data are also insufficient to recommend the subcutaneous
tunnelling of catheters to prevent CRBSIs. One prospective
pediatric study reported a decreased colonization of femoral
tunnelled versus non-tunnelled catheters, with no difference
on the CRBSI rate [74].

Cutaneous disinfection is a crucial factor in the prevention
of CRBSIs. As demonstrated by a meta-analysis of eight adult
studies, chlorhexidine seems to be more efficient than povi-
done-iodine solutions in preventing CRBSI. As, in France,
the use of povidone—iodine solution is not recommended
before 30 months of age because of the risk of hypothyroid,
chlorhexidine solutions should be the reference for insertion
site skin disinfection. In this context, chlorhexidine-
impregnated dressing may also be effective. A prospective
randomized, controlled study performed in 145 children after
cardiac surgery reported a decrease in catheter colonization
with chlorhexidine-impregnated dressing compared to stan-
dard polyurethane dressing, but without a difference in the
CRBSI rate [75]. A meta-analysis including adult and pediat-
ric data presented the same conclusions [76]. However, in a
large study including 1,636 adults also comparing
chlorhexidine-impregnated dressing to standard dressing, the
rate of CRBSI was significantly reduced with the
chlorhexidine-impregnated dressing (6/1,953 catheters, 0.40/
1,000 catheter-days vs. 17/1,825 catheters, 1.3/1,000 catheter-
days; hazard ratio [HR], 0.24; 95 % confidence interval [CI],
0.09-0.65) [77]. The results of this large study should encour-
age the undertaking of large pediatric studies and may have a
strong impact in the pediatric guidelines.

Otherwise, optimal timing for intravenous administration
set replacement has been investigated in a meta-analysis
published in 2005, including 13 studies, of which eight were
in pediatric populations. It appeared that administration sets
that do not contain lipids, blood, or blood products may be
left in place for intervals of up to 96 h without increasing the
incidence of infection, compared to 24, 48, or 72 h. How-
ever, there is no data inciting to increase the delay beyond
24 h after lipid and blood products perfusion sets, as cur-
rently recommended [78].

Thrombosis is a frequent complication of central catheters
and its interaction with infection is well known and reciprocal.
Even though in neonates with peripherally placed percutane-
ous central venous catheters continuous heparin administra-
tion, compared with saline, decreased thrombosis rates but not
CRBSI rates [79], data are lacking to clarify this debate in
older children. In a recent single-center, randomized, placebo-
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controlled, double-blinded trial including 90 children younger
than 1 year old recovering from cardiac surgery, a continuous
infusion of heparin at 10 units’kg/h was safe but it did not
reduce catheter-related thrombosis formation nor the BSI rate
compared to a placebo [80]. In this context, systematic con-
tinuous anticoagulation with heparin is not supported by
enough data to be recommended. The benefit of heparin-
bonded catheters has also been evaluated. A large study
including 209 children compared heparin-bonded and stan-
dard catheters. The CRBSI rate was significantly decreased in
the heparin-bonded catheter group (5.17 vs. 46.96/1,000 days,
<0.0005), with a decreased thrombosis rate as well [81]. Ina
recent pediatric randomized, controlled, blinded, single-center
trial, infants younger than 1 year old with congenital heart
disease requiring a central venous line for clinical care were
randomly assigned to receive either a heparin-bonded catheter
or a standard non-heparin-bonded catheter. No advantage in
using heparin-bonded catheters was identified [82]. All things
considered, the data remain insufficient to recommend the
systematic use of either of these catheters.

In adults and children, prophylactic continuous administra-
tion of antibiotics is not recommended because of the risk of
bacterial resistance emergence. The benefit of antibiotic flush
for decreasing the CRBSI rate has been demonstrated in
several studies, but particularly in neonatology and oncology,
where the populations differ from the PICU [83, 84]. More-
over, the occlusion of the catheter for antibiotics administra-
tion in these patients appears to be a limitative problem.
Antibiotic-coated central venous catheters, widely studied in
adult populations, have been seldomly evaluated in children.
One observational study compared catheters coated with min-
ocycline and rifampicin to standard catheters. The authors
reported a 3-fold longer median time to infection among
children in the antibiotic-coated catheter group (18 vs. 5 days,
p=0.053), but the infection incidence was not different be-
tween the two groups (7.53 vs. 8.63/1,000 days of catheter, p=
1) [85]. The authors explained these results by a decreasing
activity of the antibiotics over time.

Prevention of UTIs

Considering their incidence, urinary tract infections (UTIs)
are the third most common cause of nosocomial infections
in PICUs. In 2001, among 50 children’s hospitals in Amer-
ica, Stover et al. reported a median incidence of 5.4 infec-
tions for 1,000 days of urinary catheter-days [86]. The
incidence of UTI was not dependent on the site of insertion
of the catheter (urethra, ureter, nephrostomy, or supra pu-
bic). In a retrospective study including 25 children, Matlow
et al. identified cardiac surgery as the only independent risk
factor of UTI [87]. The most efficient means of prevention is
the early removal of urinary catheters [86, 88]. The impact
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of a sepsis during the placement of the catheter and of the
use of a closed drainage device are only supported by adult
data, but should be recommended [89].

Prevention of SSIs

Surgical site infections (SSIs) are known to be closely
related with increased morbidity, mortality, hospital length
of stay, and additional cost [90]. This term has been chosen
by the CDC and concerns several clinical situations such as
infections of scars, walls, or prosthesis. Furthermore, a
classification corresponding to different localizations has
been proposed: superficial incisional SSI, deep incisional
SSI, and organ/space SSI. This classification has not always
been respected, making the comparison of studies and the
interpretation of meta-analyses difficult. Furthermore, spe-
cific pediatric definitions do not exist, so those established
for adults are used here. There are few data reporting the
incidence of SSIs in PICUs. The most recent multicenter
study reported by Horwitz et al. and including 846 Ameri-
can operated children prospectively followed for 30 days
reported an SSI rate of 4.4 % [91]. In 2003, a prospective
incidence study of nosocomial infections in PICUs after
cardiac surgery reported a higher incidence rate (15 %),
increasing 2.5-fold the PICU length of stay [26]. Risk fac-
tors identified in Horwitz et al.’s study were length of
surgery and contamination during surgery. In cardiac sur-
gery, cardiopulmonary bypass length, hospital length of stay
before surgery, pre-existent pathology, mechanical ventila-
tion, and requirement of an inotropic agent were identified
as SSI risk factors [92]. Sternum open on the ward and high
PRISM score on PICU admission were also reported as risk
factors by Pollock et al. [93].

In a randomized controlled trial in adults, Segers et al.
reported that decontamination of the nasopharynx and oro-
pharynx by chlorhexidine gluconate could significantly de-
crease the incidence of global nosocomial infections and, in
particular, lower respiratory tract and deep SSIs [94]. The
benefit of universal screening for Staphylococcus aureus is
unclear. In a prospective study with a crossover design
comparing rapid screening for methicillin-resistant Staphy-
lococcus aureus (MRSA) on admission plus standard infec-
tion control measures versus standard infection control
alone in surgical patients, the nosocomial MRSA infection
rate was not decreased in the intervention group. However,
in a randomized, double-blind, placebo-controlled, multi-
center trial, Bode et al. assessed whether the rapid identifi-
cation of Staphylococcus aureus nasal carriers by means of a
real-time polymerase chain reaction (PCR) assay, followed
by treatment with mupirocin nasal ointment and chlorhex-
idine soap, could decrease the risk of postoperative infection
in adults. They reported a rate 3.4 % (17 of 504 patients) of
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Staphylococcus aureus infection in the mupirocin—chlorhex-
idine group, as compared with 7.7 % (32 of 413 patients) in
the placebo group (relative risk of infection, 0.42; 95 % CI,
0.23 to 0.75) [95]. Despite the lack of data in the pediatric
population, these results may have a strong impact in pedi-
atric prevention guidelines.

The duration of postoperative antibiotic prophylaxis
(ABP) appears as a key point in the prevention of postop-
erative infections and of the emergence of antimicrobial
resistance. In adults, after clean and clean-contaminated
surgery, ABP for longer than 24 h raised the risk for intra-
hospital and posthospital discharge SSI, regardless of the
presence of risk factors (odds ratio [OR], 3.39; 95 % CI,
1.11-10.35; p=0.032 and OR, 5.39; 95 % CI, 1.64-17.75;
p=0.0006, respectively) [96]. This study did not include
patients after cardiac surgery. In 2,641 patients undergoing
cardiac surgery, after adjustment for possible confounding,
prolonged ABP was not associated with a decreased risk of
SSI (adjusted OR, 1.2; 95 % CI, 0.8 to 1.6) and was
correlated with an increased risk of acquired antibiotic re-
sistance (adjusted OR, 1.6; 95 % CI, 1.1 to 2.6) [97].
However, several controversies still exist in the use of
ABP among children. In a non-randomized comparison of
two groups of children studied sequentially, controlled peri-
operative antimicrobial prophylaxis by reducing the length
of antibiotic treatment to <48 h and the use of glycopeptides
in case of MRSA was associated with a significant decrease
in the nosocomial infection rate and was cost-effective [98].
In an adult trial, 838 patients were randomly given a single
dose of cefazolin for a 24-h treatment. Single-dose cefazolin
was associated with a higher SSI rate than the second
regimen [99]. In a retrospective study including 4,000 chil-
dren after cardiac surgery, antimicrobial prophylaxis contin-
ued as long as thoracostomy tubes were present significantly
decreased SSIs compared to a protocol where treatment was
discontinued 48 h postoperatively regardless of the presence
of tubes [100]. According to these results, it appears clear to
recommend to not to continue ABP beyond 48 h in most
situations. In case of the prolonged presence of thoracos-
tomy tubes after cardiac surgery, the conclusion remains
unclear.

Otherwise, perioperative factors seem to have a sig-
nificant impact on postoperative infection rates. Some
investigators have hypothesized that supplemental peri-
operative oxygen could reduce the incidence of surgical
wound infections [101]. In a prospective study, adults
requiring colorectal surgery were randomized to receive
an inspired fraction of oxygen (FiO;) of 30 or 80 %;
Belda et al. demonstrated that an FiO, of 80 % was a
protective factor of infection [102]. Moreover, in a
prospective and randomized study including 103 adults,
vasodilatation by active warming was found to decrease
the SSI rate (54 vs. 32 %, p=0.02) [103].

Conclusion

The prevention of nosocomial infections remains a crucial
problem in pediatric intensive care units (PICUs). This
report reviews the published recommendations for their
prevention. However, the pediatric data are often missing
and many of the pediatric guidelines have to be extrapolated
from adult studies and this underlines the urgency to con-
duct pediatric studies and to establish guidelines in this
specific population. Furthermore, the analysis of the litera-
ture available on this topic demonstrates the absolute neces-
sity to harmonize the definitions of healthcare-associated
infections (HAIs) in order to provide comparable data and
standardized pediatric guidelines.
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