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Abstract

Purpose of review Paediatric Early Warning Systems (PEWS) are used extensively in
hospitals around the world in an attempt to recognise and respond to children who are
at risk of harm from deterioration. Most systems are based on the ability of physiological
measurements to predict future events. Evidence supporting their use however is limited
especially for important measures such as death. This review seeks to examine history and
experience of PEWS and to explore recent literature for ideas that would enhance existing
PEWS and new concepts that might complement the goal of recognising and responding to
deterioration in hospital.
Recent findings The largest study of PEWS, the EPOCH trial published in 2018, did not
demonstrate a benefit in reducing mortality or other key indicators, from the use of the
Canadian Bedside PEWS. There were several flaws that raise questions about the validity of
the study; however, it also raises important issues for discussion. There have been recent
studies published that propose alternative approaches to identifying deterioration includ-
ing improved situation awareness and better teamwork.
Summary We propose that it is possible to recognise and respond to early signs of
deterioration in a way that reduces important outcomes; however, this will require blended
approaches that embrace the complexity of the task.
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“O chestnut tree, great rooted blossomer,
Are you the leaf, the blossom or the bole?
O body swayed to music, O brightening glance,
How can we know the dancer from the dance?”
Among School Children
W.B. Yeats

Introduction

For most children, admission to hospital is a step
toward improvement and recovered wellness. Fami-
lies expect hospital to be a safe place, providing the
best chance of getting better and although this is the
case for most children, it is not the case for all. Clini-
cians have long been aware that some children deteri-
orate following admission to hospital, even after treat-
ment has been initiated and despite regular observa-
tions, assessment, and review. The unexpected clinical
deterioration or death of a child in hospital has a
devastating effect on families and healthcare staff
and usually leads to the investigation of preceding
events in the hope of learning about how to prevent
such events recurring.

In 2008, a national review of child mortality in the
UK found that one in five (and potentially one in two)
children who die unexpectedly in hospital has identifi-
able features that, if recognised and addressed earlier,
could have prevented their death [1–3]. It is not surpris-
ing that this report and others have called for better ways
of recognising and responding to the signs known to
precede deterioration and death. The features that have
received most attention are the changes in physiological
parameters such as cardiovascular observations (heart
rate, blood pressure, and capillary refill), respiratory
measures (rate, effort, oxygen usage), or behavioural
indicators (conscious level). In 2005, modelled on ex-
perience from adult care, a report of the first Paediatric
Early Warning Score (PEWS) was published [4]. The so-
called Brighton PEWS gave values, weighted on severity,
across cardiovascular, respiratory, and behavioural cate-
gories that combined to create a score. The score was
then matched to a set response agreed by the local
nursing and medical teams. Since then, there have been
many versions of PEWS enacted and published across
the world based on these same principles of recognition,
decision, and response. Many studies have focused on
specific aspects, such as the refinement of the recogni-
tion score (single trigger or composite, trigger thresh-
olds) also known as a “paediatric track and trigger tools”
(PTTT). Other studies have focused on the response side

(rapid response teams—RRTs, ICU outreach). A trend in
recent years has been to recognise the whole process,
from recognition to response, as a paediatric early warn-
ing scoring systemor simply a PEW system, referred to as
PEWS from here on [5].

There have now been several excellent PEWS narra-
tive reviews [6–8] and at least three systematic reviews
[9•–11]. Among the conclusions of these analyses is that
while PEWS may facilitate the recognition of early signs
of deterioration and may improve key processes such as
team work or communication, there is limited data
showing effect on outcomes such as a reduction in car-
diac arrest or death. The reviews highlight the fact that
there is significant heterogeneity between systems,
scores, scoring and triggering mechanisms, responses,
and contexts making comparisons and generalizations
difficult. They all highlight methodological weaknesses
and the fact that most studies are from single sites,
usually tertiary children’s hospitals. They also recognise
the fact that PEWS being a multifaceted, complex inter-
vention is likely to have socio-technical and cultural
factors that underpin its performance in different con-
texts that remain poorly understood.

Of all the PEWS systems studied, none has been
more closely evaluated than the Canadian Bedside
PEWS. Over the course of several studies, the Bedside
PEWS was designed, tested, and implemented [12–14].
In each of these studies, the Bedside PEWS seemed to
advance up the validation ladder creating an optimism
that the final step, a large prospective international
multicentre trial, would provide firm evidence of effec-
tiveness and validate PEWS [15]. The Evaluating Process-
es of care and Outcomes of Children in Hospital
(EPOCH) study was reported in March 2018 [16••].
The study compared the effect of implementing the
Bedside PEWS at 10 children’s hospitals with that of
11 hospitals that continued to provide care as usual in
7 countries and included 539,443 patient days. The
primary outcome was all-cause hospital mortality with
secondary outcomes including late admission to PICU,
cardiac arrest, and PICU resource use. No significant
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difference in mortality was observed between the inter-
vention and the non-intervention sites. The findings, the

authors conclude, “do not support the use of this system
to reduce mortality”.

Understanding EPOCH

As the largest examination of PEWS to date, EPOCH raises serious queries,
including whether early detection and meaningful response is even possible.
For this reason, it is important to critically consider the lessons and the limita-
tions of the study. We believe there are two significant areas, both acknowl-
edged by the authors, which bring the study’s findings into question, namely,
the use of death as the primary outcomemeasure and the failure to perform any
socio-technical analysis of the intervention.

Several studies, including EPOCH, have used death as a measure of effec-
tiveness. While death is an attractive measure because of its importance and
objectivity, it is also problematic because it has become a rare event in modern
paediatric hospital care. Even over the short time period fromwhen the data for
the EPOCH power calculations was obtained to the completion of the study,
there was a significant decrease in death rates at the study hospitals leaving the
study underpowered. In a recent editorial, Chapman et al. highlight the chal-
lenge of measuring the impact of PEWS [17]. Their analysis suggests that in
order to detect a 10% relative risk reduction in death, a study would require 9 2
million individually randomized paediatric admissions (there were 144,539
patients in EPOCH). This effectively excludes the use of death as a practical
measure for validation, at least in the short to medium term, but it also casts
significant doubt over EPOCH’s findings.

The second EPOCH limitation we believe is that despite recognising that
“Bedside PEWS is a complex health care intervention…embedded in social
systems”, there was no evaluation of “communication or culture”. Indeed, the
EPOCH study is not alone in this respect with one systematic review
highlighting that the majority of studies examining PEWS and RRTs fail to
examine the context, social structures, or culture in which their interventions
were imbedded [9•]. The absence of any socio-technical evaluation ignores the
complexity of the intervention, considering it asmerely technical and neglecting
the direct social processes (team work, psychological safety, communication)
needed to operate the tool but also the wider organisational and cultural matrix
in which the PEWS exists.

How can we know the dancer from the dance?

These limitations cast doubt on the EPOCH conclusion; however, the study also
raises important questions about the models we have used to conceptualise
early detection and response. The creation of prediction tools by working
backwards with the characteristics of children known to have deteriorated has
failed to consider additional information that might enhance detection. This
involves tuning in to the “soft” intelligence that passes between staff, patients,
and families frommoment to moment, but which is not necessarily noticed or
captured at the time unless sought. Once we start working forwards, we can also
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see that the conceptual models need to acknowledge the multiple direct and
indirect influences on the success of such complex interventions. These include
not only team training and the design of tasks but also staffing levels, appro-
priate work environments, and organisational culture. This creates a PEWS
pyramid of dependent parts that together is able to achieve the goal of early
detection and response (Fig. 1).

All of this requires the adoption of a systems view of safety which has long
been appreciated in other high-risk industries and which is increasingly
recognised in healthcare [18]. It also requires a shift in howwe conduct research
that evaluates complex interventions, becoming comfortable with the messy
relationships and fuzzy lines between an intervention and the world around it.

Below we examine some of the complementary and interdependent com-
ponents of the upper part of the PEWS pyramid. An in-depth examination of
the components in the base of the pyramid is beyond the scope of this article
but well represented within the safety literature [19].

Situation awareness

Situation awareness (SA) is a familiar concept in patient safety science and its
application is a feature of High Reliability Organisations (HROs) [20]. The
focus is on what is happening now, gathering and analysing information, as
once this is known then good decisions can be made to probe, anticipate,
respond, or escalate. This is a different model of identifying risk from those
usually considered in PEWS studies and although the signals of prediction are
included, they are complemented by other features that help attract attention to
the present and that ensure that all means of sensing and amplifying useful
information are included.

Situation awareness has been central to efforts to reduce preventable adverse
outcomes at Cincinnati Children’s Hospital [21]. In one study, the hospital

PTTT
RRT & SA

Team Training & 
Human factors design

Safe Staffing & Environment

Organisa�onal Safety 
& Learning Culture

Fig 1. The PEWS pyramid (PEWS, Paediatric Early Warning System; PTTT, paediatric track and trigger tool; SA, situation awareness;
RRT, rapid response team)
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identified several factors, in addition to the early warning score, that they
believed increased the risk of deterioration or harm which included “family
concerns, high-risk therapies, clinician gut feeling (a watcher), and communi-
cation” [22••]. Their key intervention, a thrice daily unit-based huddle, where
risks could be identified early, escalated, and addressed, lead to a significant
reduction in harm events. Huddles, also called safety briefings, are brief (G
15 min), routine, semi-structured meetings (usually standing) of healthcare
staff to review and anticipate concerns and although the concept has come from
high-risk industry, they have been extensively used and examined in healthcare
[23].

The approach of improving SA through huddles has also been used in the
UK and Ireland [24]. The clinical standards and quality improvement team in
the Royal College of Paediatrics and Child Health (RCPCH) have introduced
the S.A.F.E (Situation Awareness for Everyone) toolkit which is based on 4 years
of learning from a large collaborative across 50 sites [25]. There is an ongoing
evaluation of the impact of these interventions on several safety and quality
outcomes including cardiac arrest and transfer to a higher level of care (e.g.,
PICU) as well as on patient and family experience [26]. There will also be an
assessment of safety culture and an examination of the key team processes that
contribute to the effectiveness of the huddle [27]. This is important because the
Cincinnati experience demonstrated additional benefits to teams from regular
huddles and working together to improve situation awareness [28, 29].

In these studies, it was observed that social, technological, and
organisational inputs must combine to deliver improved SA. These findings
strongly support the importance of non-technical skills in early detection of
deterioration. Important too were the structured aspects of these non-technical
skills such as standardised procedures to proactively identify, communicate,
and plan for risk; the benefit of shared language; training to support handoffs;
and continuity of care. Similar findings have been observed in efforts to im-
prove clinical communication and handover [30]. All of these features combine
to improve the efficiency of information sharing among staff, enhancing their
sense of accountability and empowerment but theywere also seen to strengthen
the sense of community. Provost et al. in a review on the practice of huddling
suggest that “huddles create time and space for conversations, enhance rela-
tionships among health care providers, and strengthen a culture of safety” [31].

Team training and human factors

One way to view the huddle is as a platform that provides the opportunity,
time, and space for improved situation awareness and teamwork to occur. The
research findings discussed above suggest that some of the benefit comes from
simply bringing teams together for the purpose of improving safety. These
studies have also identified additional team behaviours that seem to enhance
this such as standardworking, robust communication, and a good safety culture
[27, 29]. These skills are often considered under the umbrella of team training.
Most clinicians will have experienced piecemeal elements of team training
within their professional groups (doctors with doctors, nurses with nurses);
however, this input has been shown to be most effective when implemented as
a bundled intervention that includes inter-disciplinary learning and the
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sustained use of teamwork practices in daily care [32]. Despite the potential
synergy here, there is little evidence on the influence of specific team training on
the successful application of PEWS although several bodies have called for its
inclusion. The AHRQ’s (Agency for Healthcare Research and Quality, USA)
TeamSTEPPS® programme [33] which offers a comprehensive team training in
patient safety is recommended by the Irish PEWSNational Clinical Guideline as
a resource that would complement training in Ireland [34••]. A recent policy
statement from the Canadian Paediatric Society has called for the optimisation
of rapid response systems and teams through team training and organisational
changes [35].

Despite the lack of evidence, calls for team training are reinforced by
emerging literature on the barriers to effective PEWS implementation, many
of which are identifying system design, communication, and human factors as
key contributors. Several studies have used qualitative methods to explore the
challenges of operating early warning systems. One study of nurses and physi-
cians carried out at the Children’s Hospital of Philadelphia (CHOP) examined
barriers to activating the hospital’s rapid response system identified a broad
range of themes such as a lack of self-efficacy among less experienced staff, the
difficulties of hierarchy, and concerns about the potential negative effects of
transfer to the ICU [36]. Another study of parents and healthcare professionals
from a hospital in Rome using the Bedside PEWS identified themes including
staff competencies and skills; the impact of relationships and leadership; the
processes identifying and responding to clinical deterioration; and the influ-
ences of organisational factors on the escalation of care [37]. All of these studies
highlight the complexity of PEWS and the multitude of interacting factors that
influence the outcome in addition to the track and trigger tool.

Human factor principles have been applied to the design of observation
charts for early warning systems [38]. It is only recently however that human
factors is being used to consider the entire process of recognition, decision, and
response within the context that makes up an early warning system [39]. This
perspective along with the application of tools such as the Systems Engineering
Initiative for Patient Safety (SEIPS [40]) model of work system and patient
safety is likely to provide new ideas for future PEWS [41].

Recogni�on
- Observa�ons
- Parent & family
- Situa�on Awareness
- Risk
- Data & Technology 

Decision
- Roles, rules &   

flexibility
- Aides
- Informa�on seeking
- Immediate ac�on

Response
- Context
- Tasks & skills
- Membership
- Ask 1) rescue 

2) ongoing risk

Fig. 2. Early warning as a system
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The future of PEWS

We see the future of PEWS as the improvement and integration of three key
processes with a deep appreciation of the system in which they exist (Fig. 2):
1) Recognition (prediction tools and enhanced situation awareness)

2) Decision (improved decision aides and team decision-making)

3) Response (optimal response to (a) rescue and (b) evaluate and manage
ongoing risk)

The emergence of affordable wearables for continuous monitoring com-
bined with “big data” analytics will significantly improve the potential for
prediction, situation awareness, and early recognition [42, 43]. The inclusion of
additional clinical information from electronic records could personalize risk
assessment and strengthen both recognition and decision-making functions
[44]. These technological advances will only deliver provided they are fully
integrated into human systems, with their dependence on communication and
culture; otherwise, the volume of information could be overwhelming and end
up being counterproductive [45].

The role of patients and families in PEWS needs to be evaluated further. In
the Irish PEWS, we have included a low-level score (0 or 1) for parent or
clinician concern. This ensures bedside staff engage with a parent or family to
ask if there is anything worrying them in addition to the fact that their child is in
hospital, every time that observations are taken. Communicating with families
about their unique role is vital and is supported by good parent information
[46]. Future research is needed to examine how best to optimize this essential
partnership.

The black box of decision-making in PEWS needs to be explored. We believe
there is much to learn from a better understanding of the balance between
clinical judgement/autonomy and mandatory actions, including the potential
influence of organisational cultures (Table 1) on these decisions. There is also a

Table 1. Possible influences of safety and team culture on a PEWS system

Areas where organisational culture may influence the performance of a PEWS System
• Interaction between staff and parents, including when taking observations
• Beliefs and attitudes toward parent and family raised concerns
• Shared beliefs about situation awareness including “gut feeling”
• Psychological safety around nurse judgement and action
• Team attitudes around triggering or “asking for help”
• Beliefs and attitudes of medical and nursing staff when agreeing escalation responses (including to each other).
• Behaviour of responders when deterioration is not evident
• Team appreciation of the “socio-technical” nature of PEWS
• Senior staff beliefs and attitudes toward the usefulness of PEWS
• Organisational safety culture including:

- Recognition of work involved with adequate staff resourcing of PEWS
- Investment in training and oversight of PEWS
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need to learnmore about how risk is dealt with following activation of PEWS as
most children will not require resuscitation or transfer to PICU, but many will
have ongoing needs, and will continue to have derangements in physiological
measures with elevated scores. The modification of parameters, thresholds, or
responses is utilised in many PEWS models, but this function is not well
examined.

Finally, we need to better understand response. Most of the research on
PEWS and rapid response teams comes from Children’s Hospitals where it may
be possible to resource a dedicated team. In smaller centres, however, it is likely
that the responders will be from an on-call medical team with a different set of
skills and response options. This research needs to examine the burden on
hospitals, especially critical care facilities, of providing an early warning system
as this is important for sustainability.

Research on these three processes needs to move in unison as too much of
the learning has been from looking backwards, from known deterioration,
rather than forwards. The Paediatrics Utilisation and Mortality Avoidance
(PUMA) Study which is ongoing in UK is a novel study and the first of its kind
to incorporate “a functions-based approach”with the aim of improving patient
safety and reduction in mortality [47••]. This study aims to examine the
messiness of designing, implementing, and improving a PEWS system in dif-
ferent settings, including paediatric wards in district general hospitals, through
more organic approaches. These approaches, including quality improvement,
are seeking to establish the structures and processes that support early detection
of deterioration or safety rather than rigidly implementing standard compo-
nents. This allows situation awareness, human factors, and team training to be
used in addition to vital sign-based alerts if considered favourably by local
teams. The study is underpinned by a number of theoretical frameworks to
examine socio-technical factors and extract the learning needed to inform a
national programme. The study is using mortality as an outcome; however, the
research protocol openly acknowledges the fact that they may not have suffi-
cient numbers to demonstrate an impact. In light of this, several other clinical
outcomes are suggested including cardiac arrest and escalation to a higher level
of care (PICU/HDU) as well as safety metrics. In due course, if a national
programme for the UK is agreed and implemented, it may be possible to
support the validation of PEWS by examining mortality data over time using
routinely collected data [48].

Conclusion

Patient safety is often described as an emergent phenomenon, materializing
from the actions and interactions of multiple components inside the complex
system of healthcare [49]. What is also noted is the difficulty of predicting how
change in one part of the system might influence another, or the whole.
Recognising and responding to deterioration are a complex endeavour andwere
never likely to have a single or simple solution. Tools and technology have a
significant contribution to make; however, they must enhance and integrate
with the people and cultures that share the system. Utilisation of research and
improvement methods that appreciate the complexity of the problem and the
solutions are necessary to make progress. Seeking and blending learning from
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disciplines such as human factors, models such as SEIPS, or approaches such as
Safety I (learning how come work goes wrong) and Safety II (learning how
come work goes right) is required to meet the challenge of complexity [50•].
Finally, organisations and leaders much acknowledge that many of the critical
success factors that address deterioration are shared with other safety and
quality goals, such as reducing medication harm, improving handover or
patient flow, and even enhancing patient and staff experience. Identifying and
improving the essential behaviours and skills that underpin somany challenges
could create a prizemuch greater than just improving the tragedy of preventable
in hospital deterioration.
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