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ARTICLE INFO SUMMARY

Keywords: ) ) Over 2 million children die of acute respiratory infection every year, with around 98% of these deaths
CZEE;;ZI;”MOW failure occurring in developing countries. Depending upon the clinical status of the patient, supplemental
1

oxygen is usually the first line therapy. However this often proves inadequate for acute respiratory
failure (ARF), in which case intubation and mechanical positive pressure ventilation are required. Adult
intensive care successfully introduced non-invasive positive pressure ventilation (NIPPV) to treat ARF
over a decade ago. This experience, coupled with the use of NIPPV in children with chronic respiratory
insufficiency, has led to increasing use of NIPPV to treat ARF in paediatric populations. NIPPV can have
similar or improved outcomes to IPPV, but with fewer complications. However there are no controlled
trials of its use in children, and most data come from observational studies and retrospective reviews. In
a developing world setting, where mortality from ARF is high and the risks of intubation are great and
often not feasible, NIPPV can be a simple and cost-effective way to treat these patients. Its
implementation in rural Northern Ghana shows NIPPV for ARF can be delivered safely with minimal
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training, and appears to impact significantly on mortality in those under 5 years.

INTRODUCTION

Acute respiratory failure (ARF) can be categorised into
hypoxaemic ARF (type I) or the more common hypercapnic ARF
(type II). The hypoxaemic type is usually defined by an arterial
partial pressure of oxygen (Pao,) of <7.8 kPa (60 mmHg) with a
normal or low Paco,. These cut offs are to an extent arbitrary and
the values must be put into the context of the child’s pre-existing
state and whether any supplemental oxygen is being given. In the
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absence of supplemental oxygen, a hypercapnic patient is always
hypoxaemic. The primary issue is often ventilation-perfusion
mismatch due to intrapulmonary shunting. It can be associated
with virtually all acute lung diseases, categorised into acute
asthma, infection (bronchiolitis and pneumonia) and pulmonary
oedema [1]. In addition to treating the underlying cause,
supplemental oxygen must be administered to a hypoxic child.
However if that is insufficient to produce a satisfactory rise in
oxygen saturation, mechanical ventilation may be required. In the
hypercapnicor ventilatory type, as well as hypoxaemia, thereis an
arterial partial pressure of carbon dioxide (Paco,) of >6.5 kPa
(50 mm Hg), usually accompanied by a fall in pH to <7.3. Whilst
this may be a chronic issue (for example in children with
neuromuscular disease or chronic upper airways obstruction), it
may follow on from type I ARF, when the child’s respiratory
muscles start to fatigue leading to hypoventilation. In this
instance, oxygen alone is insufficient and ventilatory support is
required.

Traditionally mechanical support has been delivered following
intubation, i.e. with invasive positive pressure ventilation (IPPV).
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However the use of non-invasive positive pressure ventilation
(NIPPV) to treat ARF is increasing as NIPPV can have a similar or
improved outcome to IPPV with fewer complications [1]. NIPPV
tends to refer to biphasic and bilevel (BiPAP) respiratory support
not delivered via invasive endotracheal intubation. Interfaces used
include nasal pillows, plugs or masks; facemasks - which can be
total (mouth, nose, eyes) or full (mouth & nose); mouthpieces; or
helmets [2]. Some authors use the term NIPPV to include
Continuous Positive Airway Pressure (CPAP) which is not strictly
‘ventilation’ although could be included under the umbrella of
non-invasive respiratory support. Nevertheless an International
Consensus has defined NIPPV as ‘any form of ventilatory support
applied without the use of an endotracheal tube, and was
considered to include continuous positive airway pressure (CPAP),
with or without inspiratory pressure support” [3]. The use in ARF
has generally been restricted to paediatric intensive care units or
high dependency units in the technologically-rich developed
world, but because of cost issues and its relative simplicity making
it accessible to trained healthcare workers other than doctors,
there is great potential for its use in the lower income setting of the
developing world. This review will look at evidence for the benefit
of NIV in ARF, and how it may be applied in the developing world.
We will also describe our experience of setting it up in a rural
hospital in Ghana.

THE BURDEN OF ARF

ARF develops in minutes to hours, and is more frequent in
infants and children than in adults [4]. There are a multitude of
causes, which can be reviewed in many text books [5]. However in
the developing world, infection is paramount. Worldwide, a
conservative estimate has suggested 2 million children die of
acute respiratory infection every year, a figure that excludes sepsis
and pneumonia in neonates [6]. Inevitably, around 98% of these
deaths occur in developing countries [7]; estimates from 2000
suggest 70% were in Africa or SouthEast Asia [8]. From 2000-03,
19% of worldwide deaths in children under five were caused by
pneumonia and 10% by neonatal sepsis and/or neonatal pneumo-
nia [9]. Worryingly, in one of the few studies that were able to look
at trends in mortality by cause, in Morocco between 1987 and
1997, despite a halving in overall infant and child mortality, there
was little change in the rates of death due to pneumonia (report by
Garenne M in French, quoted by Mulholland) [6]. Indeed,
pneumonia kills more children every year than AIDS, tuberculosis,
malaria and measles put together [10].

An important risk factor for respiratory deaths is malnutrition,
which in itself is said to be an underlying cause in over half of all
deaths in children under 5 years [9]. Poorly nourished children are
more likely to develop respiratory fatigue and consequently ARF.
Another factor is severe chronic anaemia which, by impeding
oxygen transport, makes it more likely for hypoxaemia to develop
during respiratory infections. Chronic anaemia is common in
developing countries due to a variety of factors including
malnutrition, helminthiasis, sickle cell anaemia, and chronic
malaria [11].

There are many strategies to prevent deaths from childhood
pneumonia in the developing world. These include use of
vaccination (to Haemophilus influenzae type b, pneumococcus
and measles), improvement in nutritional state, and possibly
reduction of indoor air pollution [10]. If the child develops
pneumonia, early recognition (of tachypnoea) and prompt treat-
ment with antibiotics (often just oral amoxicillin for 3 days) can
save lives [12]. If the pneumonia is severe, these children need to
be managed in a district hospital. Use of oxygen saturation
monitoring and oxygen concentrators to deliver supplemental
oxygen when appropriate (Sp0,<90%), led to a 35% reduction in

risk of death from pneumonia in a rural setting in New Guinea [13].
This is not surprising given hypoxaemia (SpO,<90%) has been
shown to be associated with a 4.3- fold increase in mortality in
Kenyan children under 3 years with pneumonia [14]. With the
development of type II respiratory failure, oxygen alone will be
insufficient, and only mechanical ventilation will save the child,
hence our interest in non-invasive ventilation.

USE OF NIV FOR ARF IN THE DEVELOPED WORLD

Positive pressure ventilation is often used to provide respira-
tory support for children with ARF as it increases the tidal volume
hence helps to recruit lung tissue and maximise lung volumes,
reversing hypoxemia and hypercapnia. This is most frequently
provided invasively via an endo- or nasotracheal tube, unless the
child has a tracheostomy. However, following experience in
patients with chronic respiratory insufficiency, the benefits of
NIPPV for ARF are being increasingly recognised. Inevitably,
experience in ARF has initially come from adult intensive care,
where NIPPV has been successfully used for over a decade in a
multitude of conditions, including exacerbations of chronic
obstructive pulmonary disease [15], acute exacerbations of asthma
[16] and cardiogenic pulmonary oedema [17].

One review over 15 years ago quoted 29 studies enrolling 748
patients successfully treated with NIPPV for hypoxaemic ARF [18].
Gas exchange can be maintained and there is a decrease in the
necessity for endotracheal intubation, with the additional benefit
of shorter length of stay and fewer serious complications [19]. In
particular NIPPV is associated with a lower rate of ventilator-
associated pneumonia and sinusitis than invasive ventilation
[19,20]. The risk of secondary lung injury and barotrauma from
positive pressure ventilation is lessened although not abolished
with NIPPV. It also stops the risk of upper airway trauma including
vocal cord damage and subglottic scarring with subsequent
stenosis. Additionally it enhances the patient’s comfort and aids
eating and drinking, coughing and talking [21]. It also reduces the
need for sedation although that can sometimes be needed for
agitated or scared patients (assuming the agitation is not due to
hypoxaemia) [21]. Contraindications to the use of NIPPV include
congenital facial or airway abnormalities (precluding use of a tight
fitting mask or prongs), severe cardiopulmonary instability,
inability to protect the airway, and intractable apnoeic pauses
[22]. Other problems include facial trauma or burns, and patients
with recent gastrointestinal surgery (in case of gastric distension
with air) [22].

Paediatric experience: Evidence for the paediatric use of NIPPV
is limited because there are no consistent guidelines, and few
prospective randomised controlled trials. The majority of pub-
lished work is in the form of non-controlled trials and small case
series yet its use is increasing [23]. Nevertheless, the results of
available studies are encouraging. An excellent review from Najaf-
Zadeh and Leclerc has summarised studies up until 2011,
categorising the use of NIPPV (including CPAP) in children with
acute airway obstruction (including asthma, bronchiolitis, mala-
cia) and parenchymal lung disease (including pneumonia, acute
respiratory distress syndrome (ARDS), acute chest syndrome) [1];
there were 13 studies in the first group and 7 in the second. They
also categorised specific circumstances of its use, including in the
post-operative period (6 studies), for facilitation of ventilation
weaning and post-extubation management (2 studies), and in
immunocompromised children (6 studies) [1]. A randomised
controlled trial of NIPPV plus standard therapy versus standard
therapy in 50 children with ARF (mostly due to bronchiolitis or
pneumonia) carried out in Argentina and Chile, confirmed the
improvement in cardiopulmonary parameters, and the intubation
rate was 28% in the NIPPV group vs 60% in the other [24]. There has
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also been recent prospective randomised controlled trial in 20
patients with status asthmaticus in the USA, which concluded that
early initiation of NIPPV was safe, well tolerated and effective [25].
A recent large series from a PICU in Spain showed a 78% success
rate in 149 children receiving NIV, the commonest reason for
failure being apnoea and pneumonia [26]. Generally NIPPV is well
tolerated with major complications occurring rarely, and it is
associated with improved gas exchange, decreased work of
breathing and a decreased need for endotracheal intubation [1].

Complications such as tension pneumothorax and depressed
cardiac output have been recorded so children still need careful
monitoring; using NIPPV is not an excuse for having less
supervision than invasive ventilation [23]. The interface is crucial,
as problems encountered include discomfort and poor tolerance of
the mask, nasal bridge skin breakdown (especially if needed
24 hours a day), eye irritation, and air leaks with a poor mask fit. It
is important not to tighten the head straps too much and to use
masks with soft silicone seals [2]. Ventilatory pressures above 15-
20 cm H,0 may be problematic with facemasks. Nasal-oral [“full”]
face masks are also a problem if the child is likely to vomit, in
which case a nasal mask is preferred; gaseous distension of the
stomach is also a potential issue which can result in vomiting and
potentially in aspiration. Placement of a nasogastric tube may aid
in managing this risk.

Of particular relevance to developing countries is its use in
pneumonia which as outlined above is the leading cause of ARF.
The role of NIPPV is to recruit alveoli, reduce the work of breathing,
improve oxygenation and CO, clearance, and relieve symptoms of
dyspnoea. However, in adults, results are generally disappointing
with failure rates up to 66% in adults with severe community
acquired pneumonia (although better in those with underlying
COPD) [21]. In children with pneumonia, several case series have
suggested NIPPV can improve ventilation whilst reducing the need
for endotracheal intubation, without significant adverse events
[27-32]. If the pneumonia progresses to ARDS then NIPPV is
unlikely to succeed with a 78% failure rate [1].

Prediction of NIPPV failure, i.e. progressive hypercarbia, is
important but difficult; selecting the right patients will avoid
inappropriate delay of intubation with its associated risk of
morbidity and mortality. It has been suggested that the best
predictive factors of failure are the initial oxygen requirement
(FiO, >0.6) and Paco, on admission or within a few hours of
starting NIPPV [1,28]; blood pH <7.25 within 1-2 hours of starting
was the only independent prognostic factor in another study [33].
Young age was often thought to be problematic but a recent review
of 19 infants with median age 2 months showed NIPPV (given to
all) prevented intubation in 64% cases; the majority had apnoeic
episodes from bronchiolitis or pertussis [34]. In terms of under-
lying diseases, children with ARDS are the most likely to fail
[28,32], but in one Swiss study of immunocompromised children
with ARDS, just over half still avoided intubation [35].

USE OF NIV IN LOW INCOME COUNTRIES

There are clear benefits of the use of NIPPV in the developed
world, but these may be even greater in developing countries with
poor resources available for healthcare. Specifically, because of its
relative simplicity to administer, healthcare workers other than
doctors can be trained to use it, which makes it even more cost
effective. Fully trained doctors are far less available, especially in
rural communities, so with appropriate training, it can be more
widely utilised than IPPV. Use of NIPPV was advocated back in
1994 for use in chronic respiratory failure in Jamaica as a means of
overcoming a shortage of health personnel (including nurses), and
a limited healthcare budget [36].

As well as an understanding of when to start it, it is critical to
recognise when it is failing, leading to a need for IPPV if that is
available. Careful monitoring by nurses and other healthcare
workers in order to detect worsening respiratory distress is
therefore still important. Although it is has been advocated that
NIPPV can be used in a non-intensive care setting, use on a general
ward must not reduce the attention to detail that is so important
for a successful outcome. Nevertheless use of anaesthetic and
sedating agents is not required without the need for intubation,
and sedation is not usually needed once NIPPV is established.
Successful use of NIPPV follows a learning curve, so eventually
success rates remain stable despite increasing severity of the ARF
being treated [21]. Additionally, with experience, it is also not as
time consuming as it was initially believed to be [21]. Reduction in
intensive care and total hospital stay also contributes to the cost
savings. The reduction in ventilator-associated pneumonia is
another major advantage, especially in a setting of malnourished
and immunocompromised children (many with AIDS), and less
availability of sterile and single-use equipment.

Use of NIPPV in the developing world is still relatively new and
it is certainly underutilised. As expected much of the existing
literature concerns adult patients, but it is encouraging. In a review
of the development of adult intensive care medicine in Bosnia &
Herzegovina, they cite the introduction of NIV in 2007 as one of the
crucial steps in their development of the specialty [37]. In a recent
publication on sepsis management in resource-limited settings,
from the Global Intensive Care working group of the European
Society of Intensive Care Medicine and the World Federation of
Pediatric Intensive and Critical Care Societies, it was suggested that
“if available and medical staff is adequately trained, use non-
invasive ventilation in patients with dyspnoea and/or persistent
hypoxemia despite oxygen therapy” [38]. Furthermore it should be
instituted early. Understandably they gave this recommendation a
C for level of evidence, meaning it was supported only by
observational studies. It was also suggested oxygen should be
administered empirically to all patients with severe sepsis or septic
shock if pulse oximeters are not available; and when available the
aim is to keep the SpO, >90%. This is relevant to children also, as in
a study of septic shock in children in Chennai, India, mortality was
increased in the children who did not have access to mechanical
ventilation of any sort [39].

A retrospective review of use of NIV in Karachi, Pakistan found
68 adult patients (aged 16-90, mean 60 years) were given BiPAP
mostly on a high dependency unit between 1999 and 2000 [40].
Commonest diagnoses were pneumonia (29%) and COPD (21%). A
successful outcome was achieved in 70% patients with type Il ARF
and 65% with type 1. The authors suggested that NIV can be used
successfully in developing countries and that with experience it
could be used outside an intensive care setting with subsequent
further cost savings. However they did point out the high initial
cost of the equipment and accessories, and cost of training
although these costs are much less than that required for invasive
ventilation. In a prospective observational study in an intensive
care unit in Vellore, south India, facemask BiPAP was used in 40
adults with type Il ARF over a 2 year period [41]. They found an 85%
success rate and stated this was comparable to developed
countries.

Paediatric experience: There have been few publications
relevant to children. One study in Ho Chi Minh City, Vietnam
compared use of oxygen alone delivered by a facemask with nasal
CPAP in 37 children under 15 years old with Dengue Shock
Syndrome (grade 3-4 dengue haemorrhagic fever) [42]. In the
syndrome, children may develop ARF after initial fluid resuscita-
tion; alveolar oedema may be caused by increased vascular
permeability, fluid overload, pleural and peritoneal effusions,
ARDS or cardiac failure, and there is a high mortality rate [42]. In
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this study, 92% had pleural effusions and 33% interstitial oedema.
The authors initially did an open pilot study and found nasal CPAP
decreased hypoxaemia and reduced the need for endotracheal
intubation and ventilation. In the later study, they did exclude
patients they felt had an immediate need for intubation. CPAP was
delivered via nasal prongs at a pressure of 6 cms H,O and was
accompanied by oxygen with FiO, 0.6. Compared to oxygen alone,
the CPAP group had a significantly decreased respiratory rate after
30 minutes of treatment. In both groups the SpO, and PaO,
increased significantly. Over the subsequent 24 hours, 12/18 of the
oxygen group were converted to CPAP. Those in the initial CPAP
group had a higher rate of responsiveness to treatment, although 4/
18 of them still went on to require intubation and ventilation and
all four died with multiple organ failure; there were no deaths in
the oxygen group. No complications of nasal CPAP were
documented but it is unclear whether the 4 deaths that were all
in the CPAP group were coincidental or if that should be a genuine
concern. The authors concluded that nasal CPAP was a simple,
cheap and safe way to provide respiratory support and was
suitable for use in developing countries where facilities for PICU
and ventilatory support are inadequate.

A randomised study of nasal CPAP took place in 4 district
hospital emergency wards in rural Ghana using locally trained
nurses [43]. Children aged 3 months to 5 years were included who
had acute respiratory distress (tachypnoea, recession, nasal
flaring), due to pneumonia, sepsis, malaria and severe anaemia.
Nasal bubble CPAP was administered either immediately or 1 hour
after presentation; this meant that children who might benefit
were not denied CPAP, but could receive it after a relatively brief
delay. Supplemental oxygen was given if SpO, was <92%. The
study stopped early after the first 70 patients (due to predeter-
mined criteria), with the respiratory rate falling in the first hour by
a mean 16 breaths/min (95% CI 10-21) in the CPAP group, with no
change in the delay group. Once the delay group were given CPAP
in the 2™ hour, their respiratory rate fell by mean 13/min (95% CI
8-19). No major complications of CPAP were said to occur, but
there were 3 deaths due to severe malaria, all in the immediate
CPAP group. Just as with the Vietnamese study above this is a cause
for concern and unexplained. The study’s Data Safety & Monitoring
Board felt the deaths were unrelated to CPAP.

There has also been a recent prospective observational study
from a PICU in Kuala Lumpur, Malaysia, which is a middle-income
country [44]. They state that in their unit, equipment and human
resources are limited and demand for beds is high, so patients must
be transferred out to the general ward as quickly as possible. NIV
(BiPAP via nasal or naso-oral mask) was used for ARF (n=129), to
facilitate extubation (n=98) or after a failed extubation to avoid
reintubation (n=48) in children with a mean age of 9 months.
Causes of ARF were pneumonia, asthma, bronchiolitis, cardiac
failure, upper airway obstruction and a splinted diaphragm from
ascites or tumour. Success was high with 79% avoiding intubation
in the subsequent 5 days. Independent risk factors for NIV failure
were a higher PRISM II score at admission, presence of sepsis, and
higher FiO, at the start of NIV. Complications included pressure
sores (6%); and healthcare-associated pneumonia (7%), although
80% of those had prior invasive ventilation. The authors felt that an
education strategy for nurses and health caregivers in the “bedside
titration of care” was the key factor in the success of the NIV
program. The nurses were crucial for detecting airway obstruction
by the mask, relieving pressure sores, positioning the child for
postural drainage, suctioning secretions without stressing the
child, and calming a lightly sedated but agitated child.

There has also been a recent published abstract reviewing use of
NIV in a PICU in Bangkok, Thailand over a one year period [45].
There were 44 children (mean age 9.2 years) and BiPAP was
successful in 82% cases (defined as avoiding intubation for

48 hours). Successful outcome was best predicted by a drop in
heart rate at 30 mins and respiratory rate at 45 mins after initiation
of the NIPPV. Complications were seen in 14% cases, with facial skin
irritation the commonest adverse effect.

INTRODUCING NIV TO TUMU DISTRICT HOSPITAL, GHANA

The 2010 mortality rate for children under-5 was 74 per 1000
live births in Ghana (compared to 5 in the UK and 8 in the USA),
albeit an improvement from the 1990 figure of 122 per 1000 live
births [46]. Mortality figures in rural areas of Ghana are
significantly worse than urban areas with a recognised shortage
of health personnel and a general unwillingness of doctors to work
in the rural areas [47]. Additionally although children make up 45%
of the population, their health needs are still underrepresented
[47].

Tumu District Hospital is the only referral hospital in the Sissala
East District in the Upper West Region of Ghana (http://
mofa.gov.gh/site/?page_id=1679). This region has an under-5
mortality figure of 142 per 1000 live births [48]. The hospital
serves a district catchment population of over 56,000 people, the
majority of whom are subsistent peasant farmers with 84% living
below the poverty line and 92% having no formal education [49].
Tumu is the only part of the district with any degree of
urbanization. Being a border town, the hospital’s catchment area
extends to Burkina Faso as well as surrounding villages of the
Upper West and Upper East Regions of Ghana. The hospital has 82
beds divided between adult, paediatric and obstetric wards, with
one operating theatre. There is one medical doctor, 29 nurses,
including a nurse anaesthetist, and five midwives. The hospital has
electricity but power cuts do occur. The 2011 Tumu District
Hospital Annual Report lists malaria (48%), anaemia (16%),
septicaemia (12%), and pneumonia (8%) as the primary causes of
death for children under-5.

In January 2011, Tumu District Hospital made a commitment to
reducing under-5 mortality, specifically in regard to malaria, with
the introduction of a quality improvement initiative aimed at
encouraging early presentation to medical services. Data from
January to December 2012 revealed a median time from onset of
symptoms to hospital admission at 2.7 days, a critical delay, as
acute respiratory failure is often exacerbated by malnutrition and
acute on chronic anaemia. Key interventions included local
education on need for timely presentation for care, improving
adherence to the malaria treatment protocol, strengthening the
triage system on initial presentation, and fast tracking critically ill
children. The introduction of Virtue Foundation’s NIV Initiative
was a timely and synergistic addition to Tumu District Hospital’s
key quality improvement initiatives.

In 2011 Virtue Foundation, a New York based non-profit with
Ghanaian non-profit status and Special Consultative Status to the
United Nations (www.virtuefoundation.org), donated two Nippy
Junior paediatric pressure controlled portable ventilators (B&D
Electromedical, Stratford-upon-Avon, UK) with facemasks and
tubing to Tumu District Hospital (approximately £3000/$5000
each). These ventilators were chosen for their ease of use,
robustness, and few consumables. The ventilators run by
electricity with an additional six-hour internal battery. Two filters
(less than $1 each) - one to be changed every six months and
another to ideally be changed for each patient - are the only
necessary consumables. A quantity of each was donated and
contact details for obtaining the filters in Ghana provided. Virtue
Foundation also donated two portable oxygen saturation monitors
with finger probes so that heart rate and SpO, could be measured
at least on an occasional basis; the hospital delivers oxygen from
cylinders.
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Table 1
Criteria for starting NIPPV in children under 5 years of age (score of 2 or more).

Score 0 1 2
>20% or <20bpm

Respiratory rate Baseline

(% above baseline)

Sp0, Baseline >5%
(% below baseline)
Intercostal recession

Expiratory grunt

Marked
Audible

Absent
Absent

Training was provided over one day in November 2011 and 2
days in April 2012 by two of the authors, a paediatric intensive
care consultant (JLR) and specialist respiratory physiotherapist
(GM). A series of interactive lectures and hands-on workshops
were provided, followed by a competency assessment, with those
passing provided with a certificate of training. Twenty-one health
staff, including the hospital’s medical officer and nurse anaes-
thetist were trained in the first session, followed by sixteen in the
second training. Laminated guides were attached to each of the
machines outlining criteria to commence non-invasive ventilator
support; a guide to escalating between different modes of
support; several case scenarios (bronchiolitis, respiratory dis-
tress, and respiratory fatigue), and a guide to sterilisation of
equipment.

The criteria to start NIPPV were based on the respiratory rate,
Sp02, and presence of intercostal recession and expiratory
grunting (Table 1). The ventilators are used to support patients
with respiratory distress. One was initially allocated to the
paediatric ward and one to the operating theatre to provide NIV
in a more acute setting. The theatre machine has also been used in
the adult ward since May 2012. Sedation is not used due to concern
over lack of monitoring, level of nursing education and lack of back
up support if the patient were to progress to respiratory failure as a
result of over-sedation. This is a problem with some patients who
are resistant to wearing the mask despite having a clinical need.
The nurse anaesthetist (DG) is currently looking into developing a
safe sedation protocol.

Figure 1 shows the under-5 mortality in the hospital from 2009
through 2012. January 2011 marked the initiation of the hospital’s
quality improvement initiatives. After a site visit in April 2011,
Virtue Foundation commenced its NIV Initiative with a training
programme in November 2011. In the first 4 months of NIPPV use
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Figure 1. Number of deaths in children < 5 years old in Tumu Hospital, Ghana, from
2009 to 2012. Arrow with QI shows when Quality Improvement programme was
started in Jan 2011, and arrow with NIV shows when Non-Invasive Ventilation was
initiated in Dec 2011.
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Figure 2. Age distribution of the 106 children ventilated during Jan to Dec 2012.

(Dec 2011 to March 2012), there were 657 admissions of children
under-5, with 11 deaths. NIPPV was used in 84 children, of which
70 were under the age of 5, with just 3 deaths. In the subsequent 9
months, NIPPV was used in 46 additional children and 11 adults,
with no deaths. The decrease in the number of paediatric patients
being ventilated is due to departmental rotation of nursing staff as
well as staff turnover. JLR, GM and DG are modifying the previously
administered training programme for DG to deliver local training
to the current new cohort of nurses.

Further analysis was conducted on the patients ventilated from
January through December 2012. Of 140 ventilated patients, 106
(76%) were under the age of five and 60 (43%) under the age of two
(Figure 2). Twenty-three were aged 5 to 16 years and 11 were
adults over the age of 16. Sex distribution showed more males
amongst the children: under-5 year olds - 54% boys; 5-16 year olds
- 57% boys; whilst all eleven adults were women. There were two
deaths in January 2012, an 8 month old female infant with
septicaemia, anaemia and malaria and a 12 month old infant with
severe malaria and septicaemia. There were no other deaths with
an overall mortality rate of 1.4% within the overall patient cohort
and 1.9% in the under-5 cohort.

The primary indication for ventilation in the majority of
children under-5 was malaria, septicaemia, pneumonia, gastro-
enteritis and anaemia. Children aged 5 to 16 years had a similar
diagnostic profile whereas adults were ventilated predominantly
for asthma and pneumonia. Diagnoses with percentage distribu-
tions by age are displayed in Figure 3. Despite setting out to record
data, we do not have more complete details on the paediatric
patients ventilated and can’t be certain that all ventilated patients
were captured, as it is not uncommon for data to be missing in the
setting of critically ill children with low staff numbers. Addition-
ally the concept of monitoring and recording vital signs (apart
from temperature) is not part of their nursing culture, although
training has now been provided on this. Nevertheless no
complications were reported, although one issue identified is
that patients are not always comfortable with the NIV and require
frequent breaks. Generally speaking, they seem to ventilate
patients for shorter periods than usual. This is probably because
patients often come in acutely unwell from malaria with profound
anaemia, and the NIV supports them until they receive a blood
transfusion. Once oxygen carrying capacity has improved they are
weaned from the ventilator. Those with respiratory tract
infections and pneumonia tend to be ventilated longer and were
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Under-5 Years

® Malaria (38%)
m Septicaemia (25%)
® Pneumonia/Bronchiolitis (15%)
m Gastroenteritis (10%)
® Anaemia (9%)
m Asthma (2%)
m Strangulated Hernia
" Road Traffic Accident
Sickle Cell Disease/Anaemia
Pulmonary Embolism

5 to 16 Years

® Malaria (43%)

W Septicaemia (17%)

® Pneumonia/Bronchiolitis (13%)

M Gastroenteritis

® Anaemia (13%)

m Asthma (4%)

m Strangulated Hernia (4%)

1 Road Traffic Accident (4%)
Sickle Cell Disease/Anaemia

® Pulmonary Embolism

Adult

® Malaria
B Septicaemia
w Pneumonia/Bronchiolitis (36%)
M Gastroenteritis
™ Anaemia
m Asthma (45%)
1w Strangulated Hernia
= Road Traffic Accident
Sickle Cell Disease/Anaemia (9%)
m Pulmonary Embolism (9%)

Figure 3. Diagnostic causes (by age) of patients admitted with acute respiratory failure in 2012.

often more comfortable with ventilation for longer periods at a
time.

CONCLUSIONS

NIPPV has been used increasingly in adult intensive care and
following this, has been its introduction into paediatric practice.
There are no controlled trials of its use in children and most data
comes from observational studies and retrospective reviews.
Nevertheless outcomes are encouraging and there are a number
of potential advantages, not least the reduction in ventilator-
associated pneumonia. For additional reasons of cost effectiveness
and ease of use by all types of trained healthcare workers, it is
ideally suited for introduction into developing low-income
countries.

LEARNING OBJECTIVES

e To understand the burden of acute respiratory failure (ARF) in
children, particularly in the developing world.

e To understand the evidence for the use of non-invasive
ventilation (NIV) in children with ARF.

o To discuss the potential for its use, including an implementation
example, in a developing world setting.

FUTURE DIRECTIONS/RESEARCH DIRECTIONS

e To construct reliable methodology in order to enable more robust
patient data collection in resource-poor hospitals. This would
allow us to use larger patient cohorts in order to assess outcomes
in the use of NIV for ARF in the developing world.

e To consider ethical means of conducting randomised controlled
trials of NIV for ARF.

e To further define and better understand the different clinical
scenarios and clinical course when NIV is used, thus enabling
selection of the right patients who will likely benefit from NIV.

e To create scalable training and competency assessment pro-
grams for NIV use in the developing world.
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