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Opinion statement

Optimal outcomes for children with a life-threatening illness or injury depend on early
access to care; rapid recognition of the severity of illness with early initiation of appro-
priate and effective therapy; and optimized and rapid transport to units (such as intensive
care units where definitive care can be provided). The details of this process may vary
substantially depending on both the context and the underlying disease process which
adds to the complexity of providing appropriate systems for children. In addition
healthcare systems are frequently designed around the needs of adult patients and
optimization of paediatric outcomes requires specific focus on the needs of children.
Unfortunately, there are currently multiple barriers to such care, particularly in poorer
parts of the world (where the bulk of critically ill or injured children are to be found).
Improvement of this situation depends on a process which analyses the pathway to care,
identifies challenges and problems in that pathway and provides focussed and system
orientated interventions to improve care at all levels and throughout the system.

Introduction

Although the terms intensive care and critical care are
often used interchangeably, it may be useful to use the
term ‘critical care’ to describe the care required by a child
with a life-threatening injury or illness (from first pre-
sentation to health services through to discharge home),
while the term ‘intensive care’ could be limited to care
delivered within the confines of the intensive care unit

[1].

The exact time of onset of a critical illness or injury
may be difficult to define depending on the specific
context. The child involved in a motor vehicle accident
has a clear time of onset of the injury, and it is usually
clear immediately that the child requires medical care.
By contrast, a child who has acquired a severe adenoviral
infection may start out with relatively mild symptoms
which may progress over a period of days despite the
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provision of appropriate medical intervention. Children
who eventually present with life-threatening sepsis have
often been unwell with mild symptoms such as diar-
rhoea over several days. In addition a significant propor-
tion of children who develop acutely life-threatening
illnesses have underlying conditions or preceding symp-
toms that have been present for some time prior to the
onset of the critical illness.

The progression of life-threatening illness may
also vary considerably from the rapid and dramatic
progression of meningococcal septicaemia to the
gradual and insidious progression of tuberculous
meningitis. Finally, the definitive care required for a
critically ill child may vary considerably in cost,
complexity and availability.

Pathways to care

The route from home to definitive care for critically
ill children may be complex (Fig. 1) and involves an
interaction between the child’s family, the child and the
health services (Table 1). The initial phases of this route
are likely to be driven by the caregiver while the later
stages of this process will be largely in the control of the
health services. In most countries, the route to care is
complicated by the fact that children with life-
threatening illness or injury are more likely to come
from poorer communities (often cultural or language
minorities; have limited access to private transport (and
after hours, public transport may be limited); may live in
environments where movement after dark may be rela-
tively dangerous and where access to 24 h healthcare
services may be extremely limited.

In 1994, Thaddeus and Maine [2] considered the barriers to effective manage-
ment of women with obstetrical problems using the ‘3-delays’ framework. The
framework delineated the pathway to care in terms of (1) deciding to seek
emergency care, (2) identifying and reaching an appropriate facility and (3)
receiving adequate and appropriate care at the facility. More recently, Binder
et al. [3] have used that framework to highlight the complexities of that
pathway, focussing on how even in high income areas; patients from low
income backgrounds may have compromised access to effective patient care.
They highlighted differences and similarities between high and low income
settings and the impact of the different expectations of both healthcare seekers
and healthcare providers. Likewise, Samuelsen et al. [4] reviewed the experience
of mothers who had sought help in rural Tanzania, showing that confusion over
issues such as payment, referral routes and communication adversely affected
access to care — particularly for the poorest families.

Access to critical care for children

|recognition of severity of illness by caregiver |/

where, when and how access to the healthcare
to seek help system

negotiation of the
entrance to the health
services

recognition of severity of
illness by health care providers

I provision of resuscitation I

ongoing
negotiation of care

organization of access to
specialized / definitive services

I admission to definitive care I

Fig. 1. There may be a complex interaction between parents
and healthcare providers as parents seek care for their sick
children. Communication may be problematic at multiple
levels (language, social class, financial resources and clinical
skills). The interaction between providers and parents may be
affected by previous experience and by expectations on both
sides. However, the further into the system that the child
progresses, the higher the control exerted by the healthcare
providers.
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The 3-delays framework has provided an extremely useful structure with
which to address the needs of mothers and their infants, particularly in poorer
parts of the world. However, the framework above does not necessarily provide
an overview of the entire process from first presentation to healthcare right
through to intensive care admission. That process may include multiple steps,
including ambulance transfers (either to or between healthcare institutions),
transfers of care between multiple groups of clinicians (particularly in the case
of multiple injuries) and between multiple sites (e.g. emergency department,
imaging department, operating rooms, intensive care services). Each step re-
quires tasks to be completed and information to be passed between clinicians
(and family), and inevitably, the possibility of error increases with the number
of steps and the complexity of those steps. Very few healthcare systems have
fully integrated processes with continuous flow of information and care.

In this review, [ will address some of the issues that may affect the pathway
to care, both at the level of different institutions, but also from an overall
perspective of the process.

Caregiver decisions around access to care

Many processes to improve healthcare services have focussed on improvement
of supply of healthcare services. However, there is some evidence that it may be
at least as important to focus on the demand side [5], i.e. focussing on the
factors that alert people to the need to seek healthcare and the factors that affect
their behaviour in choosing where to seek that healthcare.

Caregiver recognition of serious illness or injury

The barriers to healthcare seeking and healthcare access were recently rated as
one of the most important research questions to be addressed in the
programme to reduce worldwide mortality from pneumonia in children
[6]—despite the fact that currently, there is relatively little funded re-
search in this area.

The initial step is the recognition by the caregiver of the child that something
is wrong and requires medical attention. A significant proportion of childhood
deaths worldwide are the consequence of infections such as pneumonia, ma-
laria and diarrhoea, all of which are imminently amenable to effective therapy,
particularly if provided early in the development of the condition. A recent
meta-analysis of studies on recognition of severe paediatric illness in lower to
middle income countries [7®] showed that the sensitivity and specificity of
recognition of childhood conditions by caregivers was low with median sensi-
tivity of 36, 46 and 37 % and median specificity of 96, 67 and 58 % for malaria,
pneumonia and diarrhoea, respectively. It could be argued that it is not critical
whether parents recognize the specific illness, but simply that there is a need for
intervention. It is interesting that in Nairobi, while diarrhoea was recognized as
a problem, coughing was perceived as being less important [8]. In Malawi,
healthcare seeking for acute bacterial meningitis was often delayed while
parents attempted some malaria therapy at home [9¢], highlighting the
complexity of recognizing severe illness when multiple infectious dis-
eases are common. A recent study of newly delivery mothers in Uganda
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demonstrated that only 58.2 and 14.8 % could identify one or two neonatal
‘danger signs’, respectively [10e].

Care seeking behaviour is certainly affected by maternal education [11, 12],
and addressing this is an issue that extends beyond health service provision.
There is data from Zambia showing that education programmes for commu-
nities regarding warning signs of severe illness may improve healthcare seeking
behaviour from parents [13], although the changes in behaviour were not
dramatic and took a period of years. There is also evidence that training of
community healthcare workers may improve referral to healthcare services of
sick infants [14].

There is a population of children with chronic illness who may have a
substantially increased risk of acute illness requiring intensive care admission
or at least critical care intervention [15, 16]. Particular focus on providing ‘red
flag’ warning information and defining clear pathways to care for these children
may have a significant impact on reducing time to PICU admission.

Deciding where to seek care

Once the decision to seek help has been made; other issues become important
as the caregiver considers where to seek help (this will be affected by issues such
as which healthcare resources are available—particularly at that time of day);
how they can be accessed and what transport is available; what previous
experience does the caregiver have of those resources; what resources are re-
quired and available to access that healthcare.

Clearly, access to healthcare resources is an important factor in caregiver behav-
iours in seeking help for their children. In Brazil, an increase in healthcare workers
was directly associated with a reduction in neonatal mortality [17]. A study of
healthcare seeking behaviour of parents in slums of Nairobi Kenya [8] showed that
financial constraints were the largest factor affecting healthcare seeking (similarly in
Tanzania [4]). Removal of healthcare fees for under-5 children may have a signif-
icant impact on healthcare seeking behaviour [18], although this does not over-
come limitations related to geographical access. However, seeking healthcare may
also have out of pocket expenses (transport costs, loss of income, etc.), and the
decision to spend those scarce resources may be particularly difficult for families
who find it difficult to assess the severity of illness of the child [19].

Transport to care may be a major consideration for people in rural areas.
Even within urban areas, after hours healthcare services (office hours usually
only extend for approximately 25 % of the week) may be much further from
home than primary healthcare services and transport to those services may be
extremely difficult for people with access to personal vehicles.

The parental decision to seek care at different levels of the health system may
be affected by multiple factors. Parents in Kenya refused referral to regional
hospitals because they had a perception that the hospitals were unable to
provide more care then the local primary healthcare services [20]

It is also important to consider the organizational structure of emergency
care services for children. In most situations, emergency services for children are
provided within the context of health services that are primarily focussed on the
provision of either primary care for children or emergency services for adults.

There is substantial evidence that emergency care for children is associated
with improved outcomes when provided in the context of specialized paediatric
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services. This is offset by some data suggesting that optimization of patient care
is also related to the patient load in that service.

Health system issues

Recognition of critical illness or injury by healthcare workers

A recent systematic review showed that frontline healthcare workers in LMIC
were able to diagnose possible bacterial infections in children with reasonable
sensitivity and specificity [21e].

Recognition of critical illness in infants and children who present to
primary healthcare facilities may be particular challenging in the context of
large number of relatively well children. In that context (where the vast
majority of children are not critically ill), it is probably not productive to
employ triage systems. Aside from that context, recognition of the early
stages of critical illness may be extremely challenging. In a review of
patients who died from severe meningococcal disease, Thompson et al.
[22] concluded that the best predictors of outcome in this population were
the doctors ‘gut feel’ and the conviction of the mother that this illness was
different. In addition, healthcare workers in the primary care setting may
see critically ill children very infrequently and thus have difficulty in both
recognition and management of these patients.

Within emergency departments and hospitals, a wide variety of triage [23,
24, 259, 26| or paediatric early warning systems (PEWS) [27] have been
implemented in an attempt to ensure that sick children are recognized and
prioritized for management. Some of these systems have identified critically ill
children by thresholds on particular vital signs; others have used scores related
to several parameters, while yet others have identified certain groups of patients
as being high risk. Some institutions have focussed on processes to improve
documentation of and response to abnormal vital signs in children [28e]. The
simple utilization of a paediatric early warning system on its own is unlikely to
have any impact on patient care. Review of reports of the introduction of PEWS
has highlighted the process of implementation including staff training; estab-
lishing of rapid response teams, etc.

Even within hospital wards, there is a need to develop systems to identify
children who are deteriorating and require intervention.

Provision of appropriate care

Community healthcare workers

Bhutta et al. [29] have demonstrated that provision of simple antibiotics to
village/community healthcare workers may substantially decrease the mortality
of infants and children with severe infection. A number of innovative
programmes have provided emergency and first aid training to villagers [30, 31]
and or commercial drivers [32] as a means of ensuring that adults and children
receive some appropriate care at the time of injury with some dramatic results

Emergency medical services (EMS)

The challenges of emergency medical systems vary across the world. In most of
the world, the emergency services are unable to provide adequate care and one
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is left with a situation where the emergency transport of critically ill patients
may be rudimentary [33]

The efficiency of emergency medical services in responding to calls to
critically ill or injured children may differ substantially. This may relate to the
resources available (such as personnel or vehicles), but it also may relate to
processes such as those required to prioritize calls and dispatch vehicles with
appropriately trained personnel to the site of the incident.

The geography of the region may have a substantial impact on the availabil-
ity of emergency medical services. In general (despite traffic), it is much easier to
provide emergency services to urban areas with established transport networks
than it is to provide services either to rural areas or to peri-urban areas with
informal housing and inadequate infrastructure.

Shah et al. [34] have demonstrated that the utilization of emergency medical
services (EMS) services for children is substantially lower than that of adults, but
children arriving in emergency departments via the EMS are more likely to have
injuries, poisoning or other high acuity illness than patients arriving by other means.

In the richer countries of the world, transport services to move critically ill
children between institutions and to intensive care units have developed so-
phisticated networks, while these are less developed in poorer countries [35]. In
Malaysia, development of a referral network with patient transport was associ-
ated with improved outcomes [36, 37].

District and regional hospitals

There is a significant body of evidence to show that district and regional
hospitals in poorer countries may be failing to provide the quality of care that is
required for acutely ill children [20, 38, 39].

A detailed study showed that it was possible to achieve improvements in
many aspects of quality of care in district hospitals using a focussed educational
intervention [40e]

Emergency departments

In many settings, emergency departments have struggled with defining their
roles. In providing ready access to care for those who need emergency care, they
have run the risk of being overwhelmed by patients who are not perceived as
requiring emergency care, and many reports from emergency departments are as
much focussed on ‘inappropriate’ patients as they are on appropriate patients.

Even in richer countries of the world, there are concerns about the access to
emergency care that is provided to children [41].

In general, the efficacy of care relates to the range of services that are offered
[42]. Tt is clearly easier to ensure that appropriate care occurs for common
conditions. However, there is data suggesting that even in well-established and
equipped emergency departments, it is difficult to achieve compliance of >30 %
with relatively simple bundles of care such as the Pediatric Advanced Life
Support recommendations for acute care for paediatric sepsis [43].

While countries such as the USA have highly developed trauma systems, and
more than 80 % of adults will have access to sophisticated trauma services
within an hour of injury, fewer children have access and in fact, some 17.4
million children in the USA do not have access to a paediatric trauma service
within 1 h of injury [44]. Although not definitive, there is evidence that
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outcomes for paediatric trauma victims are better at dedicated paediatric trauma
centres [45].

In many parts of the world, children with trauma are managed by adult
emergency services, and this may not be entirely in their best interests. In
Malawi, Molyneux et al. showed that the reorganization of paediatric emer-
gency services (which included ensuring that paediatric trauma was seen in the
paediatric emergency department) was followed by a substantial drop in child
mortality in the hospital [46].

Care of the critically ill in hospitals

Even in tertiary hospitals, it may be challenging to care for critically ill children.
Clearly, paediatric hospitals and paediatric healthcare systems, for trauma and
other illness, have better outcomes for children.

A particular challenge has been the development of ‘high care’ services for
children who are perhaps not that sick that they require intensive care but who
do need monitoring that is more focussed than general wards can provide [47¢]

Intensive care access

Limited intensive care access is the reality for most of the world. Even where
intensive care access is available, but delayed, there is evidence that delays in
admission are associated with increased need for advanced respiratory support
and longer duration of ventilation [48]. That builds on the work [2] showing
that delays in access to maternal care were associated with increased mortality
and morbidity.

In many parts of the world, intensive care for children is only
available in the context of neonatal or adult intensive care units and
there is evidence that outcomes for children in these units may be substantially
worse than what would be expected for specialized paediatric intensive care
units [49]

There is evidence to support regionalization of paediatric intensive care
services, to ensure that critically ill children are cared for in specialized paedi-
atric units which have adequate patient turnover to enable a high level of
experience and current expertise in the units. A consequence of regionalization
is the demand for specialized transport services for critically ill children [50¢e],
and there is evidence that the use of specialized transport services is associated
with improved outcomes [35, 51-53]. Those transport teams may also be able
to assist with stabilization of critically ill children at regional and district
hospitals [54].

What may delay care?

There is limited data available internationally on the time taken from first
contact with healthcare services through to definitive care for that specific
condition. Studies in the USA on access to critical care for adults [55¢] have
highlighted the fact that barriers to effective critical care may exist at multiple
stages all the way from community issues through to organization of tertiary
healthcare services.

A number of authors have reviewed care throughout a health system in
relation to specific conditions [56, 57] particularly related to sepsis. In each case,
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the authors have identified multiple steps in the healthcare process that have
contributed to poor outcomes. In London, a particular intensive care unit
focussed on the management of severe meningococcal sepsis in children. They
were able to identify failures in care that were related to worse outcomes in
children with meningococcaemia [56]. In particular, departures from recom-
mended protocols were problematic and potentially amenable to intervention
using education together with improved supervision by senior medical staff. In
Brazil [58e], implementation of multifaceted educational programmes regard-
ing the management of adult sepsis were associated with significant improve-
ment in compliance with recommended protocols and that in turn was asso-
ciated with a drop in overall mortality and adverse outcomes.

Systematic review processes have been useful tools by which to identify
problems in the health services as regards the management of critically ill
children [59, 60e]. Ironically, the societies with the highest number of paedi-
atric deaths have the lowest resources available to undertake detailed investi-
gations of why those deaths happened. However, a focus on understanding
systems and how they could be optimized is likely to pay dividends in most
settings.

In the discussion above, I have focussed on the provision of acute care to
critically ill children under normal conditions. Recently, a number of authors
have addressed the question of provision of care for critically ill children under
‘disaster” or surge conditions and it can be seen that this is potentially an even
greater challenge [61-63]. Throughout the world, paediatric emergency and
critical care services have much less ‘surge capacity’ than adult services.

Implementation of care and quality of care

In 2004, Angus et al. [64], in writing about caring for critically ill adults, pointed
out that improvements in outcome would depend on education (not only of
healthcare workers); organizational guidelines; performance reporting (which
is closely linked to the establishment of both guidelines and regulations);
incentives (both financial and socio-cultural); regulations and legal require-
ments; and healthcare reorganization.

Education of healthcare workers in the care of the critically ill can take place
through a wide variety of routes including the conventional formal healthcare
education, the use of short course such as the paediatric life support course and
ongoing in-service training [65] and the use of innovative education processes
[66e]. A particular challenge of these educational processes is the need for a
multifaceted approach, with focussed intervention over a period of time [28¢]

Fundamental to the improvement process is definition of what is acceptable
and appropriate care [67]. Some of the challenges of this process include the
development of measures of quality of acute care for specific conditions in
particular areas [68e¢]. This has been done in some conditions such as severe
sepsis, and it is sobering that in relatively well equipped institutions, compli-
ance with recommendations for management of severe sepsis has been of the
order of 30 % [43]. However, in those studies, compliance has been associated
with either better outcomes or at least reduction in hospital stay

Most quality improvement processes are focussed on individual depart-
ments within individual systems, but there is a need to review the overall
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pathway to care. In the United Kingdom, there have been calls to monitor
among other things the time taken from first presentation of children through
to definitive treatment [69] as a fundamental measure of quality of care for
children.

One of the particular challenges of paediatric critical care is the range of
conditions that are seen but in relatively (compared to adults) low numbers of
patients. Thus, pathways to care will have to be developed around the needs of
children (with associated expertise), rather than around the treatment needs of
specific conditions as may be the case in adult critical care.

Conclusions

Optimal care for critically ill or injured children depends on the development of
a seamless continuum of care including caregivers, community health services,
and healthcare services at all levels. While it is possible to identify a wide range
of interventions at multiple steps which may all play a role in the improvement
of overall care, there is a need to consider the overall pathway from
home to intensive care (or other definitive medical services) and to
address the system in its entirety.

Optimization of critical care will require the co-operation of healthcare
professionals at all levels but will ultimately require the teamwork of all role-
players including managers and those that control the personnel and financial
resources available for healthcare in general and for paediatric healthcare in
specific.
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