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Guideline for the diagnosis, prevention and treatment of
paediatric ventilator-associated pneumonia

B M Morrow, A C Argent, P M Jeena, R J Green

Objective. Ventilator-associated pneumonia (VAP) has been
poorly studied in South Africa, but is likely to be a significant
problem, with resulting increased morbidity and mortality in
the paediatric intensive care unit population. This guideline
is intended to review the evidence and recommendations

for prevention and management of VAP in children and to
provide, where possible, clear advice to aid the care of these
children, to limit costly and unnecessary therapies and —
importantly — limit inappropriate use of antimicrobial agents.

Evidence. The Working Group was constituted. Literature on
the aetiology, prevention and management of paediatric VAP
is reviewed.

Recommendations. Evidence-based clinical practice guidelines
are provided for VAP diagnosis and prevention in South
Africa. In addition, the current status of antimicrobial use has
been reviewed and clear recommendations are set out.

S Afr Med ] 2009; 99: 253-268.

1. Background

Ventilator-associated pneumonia (VAP) has been defined
as a nosocomial lower respiratory tract infection occurring
in mechanically ventilated patients 48 hours or more after
initiation of ventilatory support.' However, the precise
definition according to clinical, pathological and/or
microbacterial criteria is unclear, with little validation in
the paediatric age group and no consistency of application
between centres.

The gold standard for the diagnosis of pneumonia in adults
is histological examination of lung tissue. Until recently,
however, the recognition of histological pneumonia varied
between pathologists® and there was a discrepancy between
the bacterial density of cultures taken via the airway and
histological features of pneumonia.3 This could be expected,
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as the histological changes would depend on the infection

and also the response mounted by the patient. Although it is
unlikely that a universally applicable and acceptable definition
of VAP in children will be established in the near future, there
would be substantial advantages if centres in South Africa
could collect data related to an agreed definition. Primarily,
this would establish a database that could allow assessment of
the extent of the problem and response to chosen intervention
programmes.

VAP has been associated with increased length of ventilator
dependence; increased paediatric intensive care unit (PICU)
and hospital stay; increased mortality; and increased hospital
costs.* At the Red Cross War Memorial Children’s Hospital
(RCH) in Cape Town, it was found that, despite a similar
initial prognosis and illness severity, patients who developed
VAP had a significantly higher overall mortality rate; a trend
towards increased PICU mortality; a 56% and 43% increase in
the length of PICU and hospital stay respectively; and almost
double the duration of ventilatory support.®

VAP has been little studied in South Africa, with only 2
papers published in the last 10 years relating to nosocomial
infection in PICUs.>* Yet reduction of VAP would improve
patient outcome, reduce costs, and increase the number of
PICU beds available to new patients.” These effects could be
extremely significant in an environment of limited resources,
relatively high mortality and severe shortage of PICU beds.

Patients admitted to PICUs in South Africa differ 255

substantially from those in developed countries. The average
age of children requiring mechanical ventilation at RCH is <6
months,” whereas PICU patients in developed countries are
generally >2 years of age.”® In South Africa, patients are most
commonly admitted to PICU for the management of infection
(mainly pneumonia and gastro-enteritis)’ whereas in developed

SAMJ—




GUIDELINE

256

countries the major reason is care after surgical procedures.”®
In developed countries, immunodeficiency is uncommon’
whereas South Africa has a very high HIV prevalence. In
addition, poor socio-economic circumstances and poor

access to health care’ may delay presentation to tertiary
institutions, so that patients are more severely ill on admission.
In developed countries, the main reasons for childhood
mortality are related to prematurity, congenital heart disease,
malignancy and trauma'® whereas, in South Africa, children die
predominantly as a result of HIV/AIDS, diarrhoeal disease and
lower respiratory tract infections." A systematic review of VAP
in adults in developing countries concluded that the incidence
of VAP is higher than benchmarks from the USA, with a
significant impact on patient outcome."”

For these reasons, it is not appropriate to apply studies
and clinical guidelines from developed countries to clinical
practice in South Africa. However, it is important to develop

Table I. Evidence grades and levels used in this guideline

appropriate guidelines for use in our resource-constrained
environment to ensure optimal utilisation of scarce resources,
including the small number of PICU beds servicing a large
paediatric population.

This paper provides clinical practice guidelines, graded
according to the strength of the evidence levels (Table I).

2. Definitions and diagnosis

Consistent definitions should be used countrywide (ideally,
worldwide) to provide a common baseline for clinical practice
and research. The most commonly used definitions of VAP are
those published by the Centers for Disease Control,” but these
are complex and not easily applied in South Africa.

2.1 Clinical pulmonary infection score

The clinical pulmonary infection score (CPIS) (Table II) rates
various clinical and radiographic signs from 0 to 2, with a total

Grade  Definition

A Scientific evidence from randomised controlled trials (RCTs) in the target population, with statistically significant results that
consistently support the guideline recommendations; supported by level 1 or 2 evidence

B Scientific evidence from well-designed, well-conducted observational studies in the target population, with statistically
significant results consistently supporting the guideline recommendation; supported by level 3 or 4 evidence. Alternatively,
extrapolated evidence from RCTs of populations (level 1 or 2) other than the target (paediatric) population

C Scientific evidence from laboratory studies, animal studies or case studies; supported by level 5 evidence

D Expert opinion providing the basis for the guideline recommendation. Scientific evidence either inconsistent or lacking

Level

1 Well-conducted and designed RCT

2 RCT with significant threats to validity

3 Observational study with a concurrent control group

4 Observational study with historical control

5 Bench study, animal study, or case series

Table II. Clinical pulmonary infection score'

CPIS points

Criterion 0

1 2

>36.1 and <38.4

In the case of external
cooling, give 1 point
>4.0 and <11.0

Temperature (°C)

Blood leukocytes (x10°/1)

Tracheal secretions Absence
Oxygenation (PaO, >240 or ARDS
(mmHg)/FiO,)

Chest X-ray No infiltrate

Semi-quantitative tracheal ¢ 1 <10’
aspirate culture (cfu/ml) * 2 No previous culture

>38.5 and <38.9 <36 or =39

e 139

® 22>11.1 and absence
of band forms

e 3>11.1 and £17.0, no .
differentiation done
Presence and non-purulence
(colour: white or light yellow)

® 42>11.1 and presence
of band forms

52>17.1, no
differentiation done
Presence and purulence
(colour: yellow, green or
brown)

<240 and no acute
respiratory distress
syndrome (ARDS)
Localised infiltrate
>100

Diffuse or patchy infiltrate
>10° and <100
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score of >6 indicating a high probability of VAP."* Compared
with quantitative bronchoalveolar lavage (BAL) cultures, the
CPIS has low sensitivity and specificity for diagnosing VAP in
adults, and poor inter-observer reliability.”” The CPIS has not
been validated in the paediatric age group.

Recommendation: A quantitative scale is useful for a clinical
audit in ensuring a standardised diagnostic tool, but the CPIS
first requires validation and adaptation for the paediatric age
group (level of evidence: D (no paediatric data)).

Clinical criteria for paediatric VAP have been suggested and

are summarised in the boxed inserts below.' Positive BAL
culture may be substituted for one clinical criterion.!

The value of each of these individual clinical criteria is
questionable, as will be discussed.

Clinical criteria for VAP in infants <12 months of
age'lé

Worsening gas exchange with at least 3 of the following:

e temperature instability without other recognised cause

e white blood cell count <4 000/mm? or >15 000/mm? and
band forms >10%

* new-onset purulent sputum or change in character of
sputum or increased respiratory secretions

* apneoa, tachypnoea, increased work of breathing,
grunting

e wheezing, rales, or rhonchi

e cough

¢ heart rate <100 beats per minute or >170 beats per
minute

PLUS at least 2 serial chest radiographs showing new
or progressive infiltrates, consolidation, cavitation or
pneumatocele.

Clinical criteria for VAP in children between 1
and 12 years of age™

At least 3 of the following;:

e temperature >38.4 or <37°C without other recognised
cause

e white blood cell count <4 000/mm?® or >15 000/ mm?

* new-onset purulent sputum or change in character of
sputum or increased respiratory secretions

* new onset or worsening of cough, dyspnoea or
tachypnoea

 rales or bronchial breath sounds
e worsening ventilation or oxygenation

PLUS at least 2 serial chest radiographs showing new or
progressive infiltrates, consolidation or cavitation.
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2.2 Sequential abnormal chest radiographs

Using this criterion necessitates routine daily chest
radiographs, which are expensive, have no clear benefit to the
patient”” and are potentially harmful owing to unnecessary
radiation exposure.’ In addition, the analysis of chest
radiographs may not be accurate because of:

interpretation; for example, differentiating atelectasis from
consolidation can be difficult,' and only the presence of
consolidation is highly correlated with the specific diagnosis
of airspace disease"

e different radiograph exposures, which may lead to
inaccurate assessments of change

¢ lack of significant radiograph findings even with severe
infection in immunocompromised patients — a particular
concern in our highly HIV-prevalent environment'®

* high positive end-expiratory pressure (PEEP) levels
in ventilated patients, which may give the impression
of resolution of infiltrates because of an increase in
radiographic translucency™

* presence of cardiac failure, and extensive fluid retention
which may occur in patients with severe sepsis and/or
renal failure.

Based on a systematic review of adult and paediatric data,
there is insufficient evidence to support the practice of either
routine or restrictive radiography.”

Recommendation: Chest radiographs should be taken on
clinical suspicion (restrictive practice) in order to reduce costs,
prevent unnecessary treatment based on spurious signs, and
minimise radiation exposure to the patient (level of evidence: B
(non-randomised study of >3 500 PICU patients)).

2.3 Fever

Fever >38.4°C"™'® may be a rare event in a PICU environment
because any elevation in temperature is usually actively
treated. The site of measurement influences the accuracy and
interpretation of the temperature measurement;” therefore, this
should be recorded in studies of paediatric VAP and preferably
only core temperature be used.” Temperature instability or
fever can only be a valid clinical criterion if measures are not
taken to actively prevent or manage fever. Therefore, if this is
a requirement, studies should report that no servo controllers
were used, no paracetamol was given and no tepid sponging
was done by nursing staff.

Recommendation: The site and method of temperature
measurement must be recorded on all VAP audits/studies. 257
Active management of fever precludes this clinical criterion
(level of evidence: D).
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2.4 Infectious markers

Severe infections of infants and children must be identified and
treated promptly to optimise patient outcome.* Non-bacterial
infections must be recognised early to avoid unnecessary
antibiotic use. Bacterial pneumonia cannot be differentiated
from viral pneumonia on the basis of clinical characteristics,
routine laboratory tests, or chest radiographs, and it is unclear
whether white blood cell concentration or serum C-reactive
protein (CRP) concentration consistently differentiates between
them.* Leucopenia or leucocytosis have been suggested as
clinical criteria for the diagnosis of VAP. The CPIS (Table I)
includes the presence of neutrophil band forms in its criteria.
The addition of an abnormal procalcitonin (PCT) may be useful
as an accurate and early marker of severe bacterial infection in
children.**

Recommendation: Leucopenia/leucocytosis, neutrophil
band forms and PCT should be included in the diagnosis of
VAP. It may also be helpful to indicate whether septic markers
are increasing or decreasing, considering the high infectious
load of South African PICU patients (level of evidence: D).

2.5 Sputum production, work of breathing and
auscultation

Sputum quantity and quality are poor outcome measures, even
in controlled study environments.” Secretions are influenced
by the time of day,” presence and degree of humidification of
ventilator gases, frequency of suctioning, and saline instillation.

Increased work of breathing, tachypnoea and apnoea may
not be apparent in a ventilator-dependent child, especially if
heavily sedated. The interpretation of pulmonary sounds on
auscultation is subjective and unreliable in infants® and is
highly dependent on experience and hearing ability.””

Recommendation: Sputum quality and quantity, work of
breathing, and auscultation findings are subjective outcome
measures. Together they may indicate a change in clinical
status, but there is no evidence to support this (level of
evidence: D).

2.6 Clinical v. microbiological diagnosis of VAP

Research is required to develop and validate an appropriate
clinical diagnostic score for paediatric VAP for use in South
Africa. Until such studies are available, reports, studies

and audits should state exactly which criteria were used, to
improve internal and external validity; preferably, the same
criteria should be used to allow comparison of data between
centres (see recommendations below).

Clinical criteria are 100% sensitive but poorly specific
(15%) for the diagnosis of VAP in adults®™ and may therefore
overestimate the incidence of VAP if used in isolation."** Blind
BAL has 73% sensitivity and 96% specificity for the diagnosis
of VAP?® and, therefore, by combining sensitive (clinical)
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and specific (BAL) tests, good diagnostic validity should be
achieved.”

Blood culture results in childhood pneumonia are frequently
negative” and therefore generally not helpful in the diagnosis
of VAP, although a positive result will guide therapy. Over-
treatment may occur on the basis of results of respiratory
specimens with poor specificity, such as endotracheal
aspirates.” It is therefore recommended that, wherever
possible, lower respiratory tract specimens (BAL) should be
performed on admission and thereafter if there is a clinical
indication to change therapy. This strategy could prevent the
indiscriminate use of antibiotic coverage in all patients who
develop signs and symptoms suggestive of pneumonia, thereby
minimising the emergence of resistant organisms.” Although
non-bronchoscopic BAL has complications in the South African
paediatric population,” its risks must be weighed against the
benefits for the individual and the community of identifying
true pathogenic organisms. Risks of BAL can be significantly
reduced by using a simple adaptation of the endotracheal
tube.”

Recommendation: Blood culture results may be included
in the diagnostic workup for VAP, but a negative result does
not exclude VAP. Clinical signs, which have good sensitivity
but poor specificity, should be used in conjunction with a
highly specific test such as BAL. Where possible, invasive
respiratory specimens should be taken rather than wasting
precious resources to obtain frequent, poor-quality specimens
from the upper respiratory tract (level of evidence: B). To
ensure standardisation, it is suggested that a modified CPIS be
used for the diagnosis of VAP, replacing quantitative tracheal
aspirate culture with positive BAL culture,’ as none of the
paediatric criteria has been validated, and using the CPIS will
include the majority of appropriate signs in the clinical criteria
suggested by Wright and Romano.'®

3. Aetiology

Aspiration may be an important cause of VAP in children,”**

and prolonged mechanical ventilation,* genetic syndromes,
transport into and out of the PICU, re-intubation,® prior
antibiotic use, continuous enteral feeding, bronchoscopy® and
immunodeficiency® have all been identified as independent
predictors of VAP. Prior use of carbapenems and third-
generation cephalosporins are independent risk factors

for acquisition of multidrug-resistant (MDR) Acinetobacter
bavmannii.>*

A. baumannii was the most common organism isolated from
bronchoalveolar lavage specimens in VAP-defined patients
in a South African PICU,’ followed by Klebsiella pneumoniae,
Staphylococcus aureus and Pseudomonas aeruginosa. Jeena et al.®
reported the emergence of MDR Acinetobacter spp. in South
African neonatal and paediatric units, associated with >50%
mortality and significant morbidity. These results are similar to
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a Brazilian study — a developing country with some challenges
common to those of South Africa.” In an Indian paediatric
VAP study, Escherichia coli and K. pneumoniae were isolated
most commonly, followed by P. aeruginosa, Proteus spp. and A.
baumannii.® 1t is difficult to distinguish between endotracheal
tube (ETT) colonisation and true pathogenic organisms in both
of these studies, as the first-mentioned did not clearly describe
the method of obtaining respiratory specimens and the latter
only cultured the ETT tip. Studies from developed countries
have implicated P. aeruginosa, K. pneumoniae and S. aureus as
the most common causative organisms in paediatric VAP P,
aeruginosa and S. aureus were the most common organisms
cultured in a Saudi Arabian PICU,® which is well-resourced
relative to developing countries.

37 and viruses have

Non-bacterial organisms such as yeasts
also been implicated in paediatric VAP. Respiratory syncytial
virus (RSV) has been identified as an important but under-
recognised cause of nosocomial infection among children in
South Africa® and was responsible for almost 15% of VAP
cases in a South African PICU.” Outbreaks of adenovirus
infections have also been reported from South Africa, with a
high associated mortality in one study.*** In RCH PICU, one
case of presumed nosocomial Preumocystis jiroveci pneumonia
(PJP) acquisition was reported in a child with non-HIV
comorbidity.’ Nosocomial transmission of P. jiroveci has been

41,42

reported in adults®** and may be a concern in PICUs with high

HIV prevalence.

4. Prevention

4.1 Infection control

In the USA, about one-third of all nosocomial infections could
be prevented by strict adherence to existing infection control
policies.” Hospital staff have been implicated as a transmission
source of nosocomial infections, largely as a result of
inadequate or poor hand-washing technique.* High patient-to-
staff ratios significantly influence the ability of staff to adhere
to basic infection control procedures®*® and are significantly
associated with a high incidence of VAP*** Therefore, South
African practitioners should lobby for more and better-trained
PICU nurses. Considering that A. baumannii, which is capable
of surviving on surfaces for extended periods, has been
implicated in South African paediatric VAP, it is essential

to thoroughly and regularly decontaminate, in addition to
standard infection control measures.*

Recommendation: Effective infection control practices,
including hand and environmental decontamination, are the
most important preventive strategy for nosocomial infection,
including VAP (level of evidence: A).

4.2 The ‘bundle’ approach

The Prevention of VAP bundle of care, developed by the
Institute for Healthcare Improvement (IHI), was developed
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for adult patients, but has been applied to paediatric practice.
This bundle includes: (i) elevation of the bed to 30 - 45 degrees;
(ii) daily sedation vacation and daily assessment of readiness
to extubate; (iii) peptic ulcer prophylaxis; and (iv) deep-vein
thrombosis (DVT) prophylaxis.”” Additional interventions

such as oral hygiene, closed-system/inline suctioning and

oro- rather than nasotracheal intubation have also been

advocated.*?

4.3 Head-of-bed elevation

ARCT of 86 adult ventilated patients showed that the
incidence of VAP was significantly lower in those positioned
in a semi-recumbent position compared with patients lying
supine,” probably because of decreased gastro-oesophageal

52,53

reflux (GOR) and aspiration.

There are no similar trials in the paediatric age group;
however, it is probable that children and infants have the
same, if not increased, risk as adults of GOR and aspiration.‘”
Head-of-bed elevation is a low-risk intervention which is
likely to hold risks only for patients with specific cardiac
disorders or severe sepsis, and is therefore recommended in
PICU. However, it is not known what angle of inclination is
optimal or achievable in this age group. In infants, a reverse
Trendelenburg position may be used with bassinettes and
open incubators.” In addition to head-of-bed elevation, post-
pyloric feeding is recommended for infants at high risk of GOR

49,54

and aspiration,”" although there is no objective evidence to

support this.

Recommendation: PICU patients should be nursed in the
head-up or reverse-Trendelenburg position (level of evidence: B
(extrapolated from adult RCT). Post-pyloric feeding should be
used for infants at risk of GOR (level of evidence: D).

4.4 Daily sedation vacation and daily assessment of
readiness to extubate

Prolonged mechanical ventilation is a risk factor for paediatric
VAP, so all available measures to reduce the duration of
ventilation should be taken.

RCTs in ventilated adult patients indicate that a “‘wake up
and breathe” protocol, which involves interrupting sedatives
and allowing spontaneous breathing (ventilator weaning),
results in reduced duration of mechanical ventilation, ICU stay
and mortality. It has therefore been recommended as standard
practice for adult ventilated patients.”> These ‘sedation
vacations’ are not appropriate for children and infants as the

PICU is a foreign and frightening environment for a non- 259

sedated child, inadequate sedation is a risk factor for accidental
extubation,” and re-intubation increases the risk of VAP’

Paediatric studies suggest that children are being over-
sedated in PICUs,** which may contribute to weaning
failure.®' Therefore, appropriate levels of sedation should be
maintained such that ideally the child is awake but comfortable
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and able to breathe spontaneously. Continuous heavy sedation
should be avoided as this depresses the cough reflex and
spontaneous ventilation and predisposes to aspiration of
oropharyngeal secretions.”

Clinicians should routinely evaluate PICU patients’ readiness
to extubate rather than routinely weaning their patients off
ventilator support, as routine weaning is likely to prolong the
ventilation time of those ready for extubation.®"

Recommendations: ‘Sedation vacations” are not appropriate
for paediatric practice, but sedation levels should be monitored
and kept at minimal levels (level of evidence: D). Clinicians
should routinely assess the paediatric patient’s readiness for
extubation instead of implementing weaning protocols (level of
evidence: A (RCT of 182 infants and children®")).

4.5 Peptic ulcer prophylaxis

Acidification of gastric contents is thought to decrease
colonisation with potentially pathogenic bacteria. Conversely,
increasing gastric pH (as would occur when using histamine-
2-receptor (H,)-antagonists and antacids as stress ulcer
prophylaxis) may increase colonisation, thereby predisposing
to VAP.” Sucralfate is an alternative agent that does not change
gastric pH, and it was therefore postulated that it would also
decrease the incidence of VAP.

A retrospective study of 155 paediatric patients ventilated for
>48 hours showed no significant differences in the incidence
of VAP between patients treated with sucralfate or ranitidine.®
A prospective RCT of 160 PICU patients, which assigned
them to treatment with ranitidine, omeprazole or sucralfate,
or no treatment, found no difference in the incidence of VAP,
macroscopic stress ulcer bleeding, or mortality between the
arms of the study.**

These studies might have been underpowered to detect a
true difference between patients treated with different agents,
but stress ulcer prophylaxis may not be associated with VAP
in the paediatric age group.* Despite the assertion that peptic
ulcer prophylaxis is considered to be a standard of PICU
care,” there are insufficient data to support its routine use in
paediatric practice.

Recommendation: Stress ulcer prophylaxis should not be
routinely used in the PICU (level of evidence: A (paediatric
RCT).

4.6 DVT prophylaxis

There are no data on the impact of DVT prophylaxis on VAP in
adults or children; nevertheless, DVT prophylaxis is included
in the ‘ventilator bundle’ as ‘excellent practice’.*’ Limited data
exist on the risks of DVT in children; it is therefore suggested
that patients be individually assessed according to their likely
risk of developing DVT.”
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Recommendation: DVT prophylaxis should be administered
based on individual risk assessments, but should not be part of
a VAP preventive ‘bundle’ (level of evidence: D).

4.7 Other interventions

4.7.1 In-line suctioning

Some guidelines recommend using in-line or closed-system
suctioning (CSS)* instead of open endotracheal suctioning,
based on the postulation that CSS would reduce the incidence
of VAP by eliminating environmental contamination of the
catheter before introduction into the endotracheal tube.*
However, CSS is associated with significant microbial
colonisation of the respiratory tract, and bacterial growth

on the catheter itself, particularly if the CSS catheter is not
changed for extended periods.”* CSS has also been reported to
be less effective at clearing secretions than open suctioning,””’
and is costly. The cost of a single CSS system in South Africa is
likely to be R170 (=$17.90) per system v. R1 - R2 (=$0.10 - $0.20)
per catheter used in open suctioning. However, the human
resource cost savings for CSS should be borne in mind.

Meta-analyses have found no significant differences
between open suctioning and CSS on the incidence of VAP
and mortality in adults.®®”"”* Paediatric data are limited, but
a RCT of 175 low-birth-weight infants showed that CSS did
not affect the rate of bacterial airway colonisation, frequency
of endotracheal suctioning and re-intubation, duration of
mechanical ventilation, length of hospitalisation, incidence of
nosocomial pneumonia or neonatal mortality.”

Recommendation: Clinicians should continue to use the
suction method with which they are proficient; there is
no benefit from closed or open suctioning systems on the
incidence of VAP (level of evidence: B (extrapolated from adult
meta-analyses and neonatal RCT)).

4.7.2 Oral hygiene

In adults, dental plaque may become colonised with potentially
pathogenic organisms,” which may predispose to VAP.
Meticulous oral hygiene reduces the incidence of VAP in
adults,” as does oral decontamination with chlorhexidine.”

The age-related pattern of bacterial colonisation is connected
with the development of dentition,” but no studies have
related this to the development of VAP in children. There
are also no paediatric data on the effects of oral hygiene on
VAP, but it seems advisable to follow the recommendations
of wiping gums with gauze in the absence of dentition,* as
some commensals are able to adhere to epithelial surfaces
in edentulous infants.”” Bacterial colonisation increases and
becomes established after the primary dentition emerges, from
about 6 months of age, as the teeth provide attachment sites
for oral bacteria.” Therefore, where teeth are present, they
should be brushed with toothpaste if it is possible to do so,
and regular oropharyngeal cleaning should be performed with
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a mouthwash.* Chlorhexidine has been recommended on the
basis of adult data” but, because of its unpleasant taste, a more
palatable alternative should perhaps be considered for infants
and children.

Recommendation: Regular oral hygiene should be
implemented in children (level of evidence: B (extrapolated
from adult RCT)).

4.7.3 Orotracheal v. nasotracheal intubation

The link between nosocomial sinusitis and VAP was suggested
by a randomised study of 399 nasotracheally intubated adults
in whom the incidence of VAP and mortality was significantly
lower when sinusitis was actively sought and treated.”

It has been widely suggested that naso-endotracheal tubes
should be avoided owing to the increased risk of nosocomial
sinusitis;**” however, the literature is not clear on this topic.
Bach et al.* reported a significantly greater risk of nosocomial
sinusitis with nasal rather than oral intubation in a RCT of 68
ICU patients. In contrast, Holzapfel et al.,* in a RCT of 300
adult patients, showed no significant differences in time to
occurrence of nosocomial sinusitis, pneumonia, septicaemia
or overall survival rate between the two types of intubation.
Because of slight differences between study designs, one
cannot conclude for certain that nasotracheal intubation causes
nosocomial sinusitis.”

There are many potential contributing factors other
than nasal intubation to the development of nosocomial
sinusitis while in the ICU. Tubes of smaller diameter (such
as nasogastric feeding and suction tubes) can significantly
obstruct the normal flow of sinus fluids, leading to an
increased risk of bacterial colonisation and development of
nosocomial sinusitis.* Heavy sedation is another important
risk factor,” as normal clearance mechanisms such as coughing
and sneezing are suppressed.* The recumbent position may
also increase nasal congestion and cause obstruction of the
maxillary sinus ostia.**

The risk of nosocomial sinusitis in ventilated children and
infants has not been assessed. There is a known risk of airway
complications when using oral intubation,” possibly more
so in children than adults. Other potential consequences of
oral intubation in infants and children include conditioned
dysphagia, which may be caused by multiple medical
procedures occurring around the face and mouth.* There was
a higher incidence of tracheal aspiration of pharyngeal contents
(a risk factor for VAP) with oral endotracheal tubes, in a study
from Brazil.*

There is insufficient evidence to support oral or nasal
methods of intubation in paediatric practice. In PICUs with
staff shortages, as in developing countries such as South Africa,
consideration should be given to the increase in workload
necessary to prevent accidental extubation as a result of
potentially unstable oral endotracheal tubes in minimally
sedated patients.
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Recommendation: Clinicians can use either oral or nasal
intubation, but must be aware of the potential risks of both
methods (level of evidence: D (conflicting adult RCTs; no
paediatric data)).

4.8 Conclusions and recommendations — prevention

Infection control remains the mainstay of VAP prevention. It is
particularly important to emphasise this measure in resource-
constrained PICUs with poor staffing levels. Although the
‘bundle” approach reduces the incidence of VAP in adults,”
most components have not been validated in the paediatric age
group, and many may not be suitable or practical for the PICU.
In well-resourced countries with sufficient staffing, it may be
appropriate to implement a number of low-risk interventions
which may have some benefit. However, in South Africa,
where resources are limited, unnecessary interventions should
be avoided as these will increase the workload of overloaded
nursing staff, and predispose to adverse events.” Therefore,

to avoid inappropriate use of scarce resources in an attempt to
improve patient outcome, research is needed to evaluate all the
‘bundle’ interventions in the paediatric age group - including
efficacy, potential harm, and optimal application.

By identifying effective preventive strategies appropriate
to our population, the cost of this hospital-acquired infection
could be reduced — a cost to the patient in terms of the physical
and psychosocial effects of lengthy hospital stay, morbidity and
mortality; and the financial cost to the patients” family and the
state of lengthy PICU and hospital stays.

5. Treatment of VAP

Prior antibiotic therapy may select for resistant organisms
already present in the respiratory tract, thereby predisposing
to VAP? Prior use of carbapenems and third-generation
cephalosporins are independent risk factors for acquisition
of MDR A. baumannii.>* Therefore, all PICUs should enforce
strict antibiotic restriction policies which specify indications
for using carbapenems, cephalosporins, aminoglycosides,
vancomycin and quinolones.

On clinical suspicion of VAP, patients should be cultured,
preferably from the lower respiratory tract (e.g. by BAL), and
empirical therapy changed or discontinued, based on these
results and the clinical status.* The culture results should be
considered with other infectious markers such as PCT and
band count, and these should be reviewed at 48 - 72 hours.

If the cultures are negative and the PCT is low, one may
consider stopping the empirical antibiotics unless there are 261
other issues such as immunosuppression or low WCC. Fig. 1
provides an algorithm for the management of VAP, based on
adult recommendations.*® We have modified the suggested
broad-spectrum antibiotic treatment for suspected MDR
organisms, mainly because most patients admitted to PICU
in South Africa have significant risks for MDR pathogens. We
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’ Clinical suspicion of VAP ‘

l

’ Take invasive specimen (BAL) ‘

l

Risk of multi-drug resistant organisms?
previous antibiotics
previous hospital admission in past 90 days
prolonged hospitalisation >5 days
ventilated >7 days
immunosuppressive disease
high frequency of antibiotic resistance in

WO—] ’ PICU Fes—]
\, L

Broad-spectrum combination
Focused antibiotic therapy antibiotic therapy:

(according to prevalent organisms in
PICU)

’ Focused antibiotics based on microbiology results ‘

Clinical
improvement after
3 -4 days?

Reculture
look for other sites
of infection

or non-infectious
causes

consider stopping
antibiotics

Continue antibiotics as
indicated

Consider stopping antibiotics after 3 - 5 days if
PCT, WCC normal and cultures negative

Fig. 1. Recommended approach to the treatment of paediatric VAP
(adapted from Porzecanski et al.®).

are concerned that the use of cephalosporins or beta-lactam/
beta-lactamase inhibitors or carbapenems in combination with
aminoglycosides or fluoroquinolones and vancomycin® would
predispose to more MDR organisms in our PICU settings.

It is therefore suggested that unit-based policies should be
developed according to the prevalent organisms in each PICU.

5.1 Principles of antimicrobial use in VAP

The principles determining antimicrobial use for VAP are best
described in the statement: ‘Choose empiric antimicrobial
wisely (broad spectrum), start early, hit hard with an
appropriate dosing schedule, de-escalate rapidly (narrow
spectrum) and stop abruptly (post adequate duration)’. The
most common cause of developing antimicrobial resistance is
an inappropriately chosen antimicrobial at a sub-therapeutic
dose for a long duration. Table III comprises a list of
antimicrobials used commonly in PICUs, along with dosages,
complications and other considerations.

Evidence that governs these practices is based on the
following considerations:
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5.1.1 Time of administration

Early administration of an antimicrobial regimen to

which the pathogens are sensitive is one of the primary
determinants of hospital outcome including treatment
failure and death.” The choice of empiric therapy should be
carefully selected on the basis of specific disease state, resident
pathogens within that environment and their associated
resistance patterns, need for invasive procedures, recent
hospitalisation, and the nutritional and immunological state of
the patient.” Given the increased likelihood of polymicrobial
infections in view of the HIV epidemic in southern Africa, it
would appear that broad-spectrum antimicrobial cover would
be most appropriate.” Initial empiric therapy should include

a combination of agents.” It has been recommended that
empirical therapy for suspected VAP be started promptly, as
delay is associated with higher mortality.” However, empirical
antibiotic treatment for suspected VAP accounts for a large
proportion of inappropriate antibiotic usage in PICUs.™

Delay in introducing appropriate antibiotic therapy has been
associated with adverse outcomes; therefore, antibiotics should
be commenced promptly on clinical suspicion of VAP.”

5.1.2 Pharmacokinetic and pharmacodynamic principles

The pharmacodynamics and pharmacokinetics of the
different medications in the recipient host must be
established as best as possible. Disease states affect the
body’s ability to metabolise and excrete antimicrobial

agents; patients with gut, hepatic or renal dysfunction need
adjustments in the mode of drug delivery and dosage.” The
effects of the antimicrobials on the pathogens are governed by
pharmacokinetic and pharmacodynamic principles including
drug-drug interactions, and time- and concentration-
dependent antimicrobial responses. Drug-drug interactions
occur with various agents and require adjustments in terms of
dosages or changes in the choice of antibiotics.” The minimum
inhibitory concentration (MIC) is the lowest concentration of
an antibiotic that can inhibit the growth of the pathogen. The
MIC90 is the minimum inhibitory concentration of the drug
that is required to decrease growth of 90% of the pathogen.
Not all isolates of a single pathogen have exactly the same MIC
for a given antibiotic. The clinically relevant breakpoint is the
level of the antimicrobial that should inhibit growth effectively.
Failure to inhibit growth will determine the development of
drug resistance.

Time-dependent killing and minimum persistent effects are
based on the time when the antibiotic concentration is above
the MIC.” To be effective, the concentration of an antibiotic
sharing these kinetics should be above the MIC for >40 - 50%
of the dosing interval. These antibiotics must be dosed more
frequently or a sustained- or extended-release formulation
be used. In addition, the highest possible dose to ensure a
drug level at least tenfold greater than the MIC is essential to
ensure effective eradication of the pathogens and to prevent
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Table III. Antimicrobials commonly utilised in paediatric intensive units for VAP'*

Dosage per dose Dose interval Coverage Adverse effects Special considerations
Antibiotics
Amoxicillin 30 mg/kg TID Community- Allergy Useful for H. influenzae
acquired Gram- D &V & intermediate-resistant
negative and positive S. pneumoniae
Ampicillin 50 mg/kg QID Community Allergy As above
acquired Gram- D&V
positive &
H. influenzae
Ampicillin- 50 mg/kg of ampicillin ~ QID MDR Acinetobacter D&V Not available currently
sulbactam spp-.
Amoxy- 45 mg/kg & 6.4 kg BID Anaerobes & beta- D& V Sustained release
clavulanate lactamase producers and extra strength
formulation
Clindamycin 10 mg/kg QID Anaerobes & Gram- D&V Combination
positive & PJP with dapsone for PJP
Metronidazole 75 g/kg QID Anaerobes Nausea None
Ceftriaxone 50 mg/kg BID Beta-lactamase Allergy; not to Induction of
producers be used with ESBL resistance
calcium-containing ~ Should not be
fluids used for VAP
Cefotaxime 50 mg/kg QID Beta-lactamase Allergy Induction of ESBL
producers resistance
Cefepime 25 mg/kg BID Beta-lactamase Allergy Induction of ESBL
producers resistance
Piperacillin 75 mg/kg QID P. aeruginosa Neutropenia May be given 4-hourly
Piperacillin- 75 mg/kg QID P. aeruginosa, Neutropenia, High doses needed
tazobactam ESBL-producing leukopenia for clinical efficacy
& anaerobes
Astreonem 30 mg/kg QID MDR pathogens Allergy Not available as yet
Cloxacillin 50 mg/kg QID Methicillin-sensitive Allergy Prolonged therapy for
S. aureus purulent infections
Vancomycin 15 mg/kg QID MRSA Red man Levels in renal
syndrome failure, slow onset
of action
Quinupristin- 7.5 mg/kg BID Vancomycin- Not routinely
dalfopristin resistant enterococci available
Linezolid 7.5 mg/kg TID MRSA Headache & Excellent lung
diarrhoea penetration
Fusidic acid 25 mg/kg QID MRSA Thrombo- Oral absorption
phlebitis equivalent to IV
Always used in
combination
Ciprofloxacillin 10 mg/kg BID BSBL-producing Arthralgia Need high doses
organisms because of poor
pharmacokinetic
dynamics
Imipenem 25 mg/kg QID Anaerobes, ESBL, BSBL, Seizures, Induces MDR
P. aeruginosa hypersensitive pathogens
reactions
Meropenem 40 mg/kg TID Anaerobes, ESBL, BSBL, Hypersensitivity Induces MDR
P. aeruginosa pathogens
Ertapenem 15 mg/kg BID ESBL, BSBL except Hypersensitivity Cross-resistance
P. aeruginosa in all classes
Erythromycin 12.5 mg/kg QID Atypical organisms Nausea, D&V Increased erm and
& S. aureus mef resistance
Clarithromycin 7.5 mg/kg BID Atypicals, H. pylori & Abdominal pain Duration 7 days
MOTTS
Azithromycin 10 mg/kg OD Atypical organisms D&V Duration 3 - 5 days
Gentamycin 7.5 mg/kg stat OD Gram-negatives Oto- & Trough for toxicity
& then 4.5 mg/kg nephrotoxicity
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Table III. Antimicrobials commonly utilised in paediatric intensive units for VAP'*’ - continued

Amikacin 15 mg/kg stat & OD Gram-negatives Oto- & Peak for efficacy
then 10 mg/kg nephrotoxicity
Antifungals
Fluconazole 10 mg/kg OD Cryptococcus Watch for resistance
& candida spp.
Amphotericin 1 mg/kg OD Cryptococcus Nephrotoxic Drug levels
& candida spp.
Liposomal 6 mg/kg OD Cryptococcus & Safe Use in renal failure
amphotericin candida spp.
Voriconazole Loading dose BD All species including Anaphylaxis, Inhibits cytochrome
6 mg/kg 12-hourly resistance to vision P450 system —
x 24 hours, above anti- disturbances multiple drug
thereafter 4 mg/ fungals interactions
kg 12-hourly
Antivirals
Acyclovir 20 mg/kg QID Herpes varicella None Therapy 7 - 14 days
Gancyclovir 30 mg/kg TID CMV Thrombo- Therapy for 6 weeks
cytopenia

OD = once daily; BID = twice daily; TID = thrice daily; QID = four times daily; D & V = diarrhoea and vomiting; MDR = multi drug-resistant; PJP = Pneumocystis jirovecii pneumonia;
ESBL = extended extended-spectrum beta-lactamase; MRSA = methicillin-resistant S. aureus; IV = intravenous; BSBL = broad- spectrum beta-lactamase; MOTTS = non-tuberculous

mycobacteria; CMV = cytomegalovirus.

development of resistance. Penicillin, cephalosporin, linelozid,
piperacillin-tazobactam and carbepenem are antibiotics that
use time-dependent pharmacokinetic principles as a mode of
action. Vancomycin uses a time-dependent killing and displays
moderate to prolonged persistent effects and therefore requires
the maximum amount of drug to be above the MIC for 24
hours. At present, carbepenem appears to have better time
>MIC targets for K. pneumoniae and E. coli than third- or fourth-
generation cephalosporin or piperacillin-tazobactam, owing

to the lower levels of carbepenem resistance.” Excessive use

of these antibiotics is of concern, given that development of
resistance is a class effect.'” Some antibiotics (e.g. clindamycin,
vancomycin and linezolid) demonstrate a post-antibiotic effect
that prevents re-growth of organisms within a specific period
after antibiotic use.

Concentration-dependent killing and prolonged persistent
effects are related either to the peak concentration above MIC
or to the area under the Cmax curve (AUC) to the MIC ratio."”
The target (peak)- to-MIC ratio for optimal killing of Gram-
negative enteric organisms as seen for aminoglycoside needs
to be at least 10 times above the MIC to prevent organisms
from developing resistance.'” AUC-to-MIC ratio targets for
quinolones are >30 times that for bacterial eradication and
>100 times that for preventing development of antimicrobial
resistance; hence, quinolone resistance is common.'” AUC-
to-MIC targets for quinolones are lower for Gram-positive
than for Gram-negative pathogens. Adverse effects of
aminoglycosides are related to high trough levels, and dosing
schedules should aim at a single daily dose that would achieve
high peaks and low trough. Inappropriate use of these agents
will also result in the development of MDR non-fermenters.'™
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A particular problem of the PICU environment is that
patients:

e are often fluid-overloaded or receiving high volumes of
fluid for resuscitation from haemodynamic instability
(which potentially decreases serum levels of water-soluble
antibiotics)

frequently have renal and/or hepatic dysfunction with
delays in excretion of drugs (so conducing to potential
toxicity)

e are being administered with several medications (so
increasing drug interaction)

¢ have gut dysfunction (so having unpredictable uptake of
drug from the gut)

¢ have rapid changes in serum protein levels (which may
affect free drug levels profoundly).

Few antibiotics used in the PICU have been extensively
studied in children, and dosage recommendations are
frequently based on adult studies or extrapolated from
children with less severe illnesses. Additional interventions,
such as renal replacement therapy including dialysis or
continuous haemofiltration, may affect drug levels. Therefore,
measurement of drug levels with appropriate dosage
adjustment is crucial to ensure adequate therapeutic drug
levels.

5.1.3 De-escalation of antibiotic therapy

De-escalation of antibiotic therapy should occur as soon as

a specific microbe is identified.'” Reversion to a narrow-
spectrum antimicrobial in this situation will reduce the risk

of removing commensals and will prevent resistance from
developing. There is a clinical concern that it may be unwise to
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change a ‘winning’ antimicrobial regimen, but continuation of
the broad-spectrum antimicrobial regimen has been associated
with harm. Clinically relevant pathogens not covered by a
narrow-spectrum antimicrobial are likely to be identified
promptly if repeat microbiological screens are performed to
ensure eradication of the primary pathogen or to pick up any
missed secondary pathogen.

5.1.4 Cessation of therapy

Therapy should be stopped once an adequate duration of
therapy has been completed. This is not easy to ensure. Many
VAP patients acquire new non-microbial co-morbidities
attributed to secondary nosocomial infections, which influences
inappropriate prolonged use of antimicrobials. This risk is
fuelled by the lack of knowledge of the exact duration of
therapy for VAP. In general, antimicrobials should be used for a
maximum of 7 days, or 3 days after there has been sufficient
resolution as determined by clinical and laboratory markers.'”
If there is lack of adequate response after 48 - 72 hours, patients
should be re-screened for nosocomial pathogens. Drug-related
factors such as plasma or tissue levels, protein binding, volume
of distribution, drug-drug interactions, or host factors such as
development of sanctuary sites of infection (e.g. abscesses,
endocarditis, bone infection, indwelling catheters with phlebitis
and recurrent infection e.g. aspiration pneumonia) should be
considered."” '™ Beta-lactam antibiotics have an oral
bioavailability of only 5 - 10% compared with an intravenous
dose, while quinolones and linezolid have excellent oral
bioavailability with serum levels approximating intravenous
doses. If there is no response by day 7, the antimicrobial should
be stopped and the patient re-evaluated, with a revision in the
diagnosis. There are exceptions to the general 7-day rule for
some infections e.g. P. aeruginosa infections require 7 - 10 days
of therapy, P. jiroveci 21 days, Gram-negative meningitis in
newborns 14 - 21 days, tuberculosis 6 months, fungal infections
14 days, and staphylococcal empyemas 6 weeks of therapy.'® '
In patients with MDR pathogens it is recommended that all
antimicrobials should be withheld.*"" Communication between
the microbiologist and intensivist is essential to ensure the best
possible outcomes.

Antibiotic resistance, defined according to current levels
of clinically relevant breakpoints provided by the Centers for
Disease Control in Atlanta, requires special mention. Resistance
occurs through several mechanisms, viz. alteration of penicillin
binding site, beta-lactamase and extended-spectrum beta-
lactamase-producing organisms via chromosomal-inducible
enzymes and cephalosporinase, ribosomal site alteration, efflux
mediated mef E (high level) and target modifiable erm AM
mediated (low level) resistance, alteration in the binding site
of a specific transpeptidase (mec A) in methicillin-resistant S.
aureus, point mutations in gyrase A,B in quinolone resistance,
and para C,E or cell wall porin-protein deficiency associated
with carbepenem resistance."*'""” Globally, there has been a
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substantial increase in the incidence of antibiotic resistance,
more so in the private than public sectors. Intermediate-level
resistance to penicillin by S. prneumoniae is between 25 and
40%, while macrolide resistance is >40%."*""® The incidences of
beta-lactamase-producing H. influenzae and M. catarrhalis are
6% and 80% respectively."*"” High levels of ESBL and BSBL
enterobacteriaceae (K. pneumoniae) (cephalosporin resistance
of 26%), MDR Acinetobacter species (carbepenem resistance of
32%) and Pseudomonas species (42% carbepenem resistance)
are seen in PICUs in South Africa."®" Increased resistance to
aminoglycosides, pipercillin-tazobactam and fluoroquinolones
has been recorded. Ertapenem, a first-generation carbepenem
with poor efficacy against Pseudomonas, currently has low
levels of resistance to ESBL-producing organisms, but there
are concerns that with excessive use it is likely to induce cross-
resistance to the entire carbepenem class of antimicrobials.
Colistin and polymyxcin retain their sensitivity against MDR
Gram-negative pathogens. Methicillin-resistant S. aureus has
been isolated in approximately 15% of isolates from PICUs and
is best treated with vancomycin, although linezolid is a useful
alternative. In cases of vancomycin-resistant enterococcus,

the use of newer staphylococcus drugs (e.g. quinupristin-
dalfopristin) may be considered.

6. Conclusion

The evidence pertaining to paediatric VAP is scanty, with
most recommendations extrapolated from adult studies from
the developed world. This may not be appropriate because of
anatomical and physiological differences between adults and
children. Very little information is available relating to VAP
in South Africa. Considering that our paediatric population is
fundamentally different from that of developed countries, it is
essential that clinical studies be conducted in our population,
to develop evidence-based guidelines for the prevention and
treatment of paediatric VAP in this country.

This guideline has been endorsed by the Critical Care Society of
South Africa, and its publication sponsored by an unrestricted
education grant from Pfizer Pharmaceuticals. Dr Morrow was
supported by grants from the Medical Research Council of
Southern Africa and the University of Cape Town.
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