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Summary boxes:
What is already known on this subject: the study of paediatric early warning scores (PEWS) and safety systems in the emergency department (ED) has been identified as a research priority by paediatric emergency medicine clinicians. However to date, there are no standardised definitions of what constitutes significant illness/injury in the ED, against which to benchmark the performance of these systems against. 











What this study adds: by use of a Delphi process gaining consensus of expert opinion in the UK and Ireland, the significant childhood conditions that require hospital admission from ED has been agreed. These identified conditions can now be used for future research to investigate the performance of PEWS and other safety systems in the ED setting.










Key words: 
Children, paediatrics, emergency department, significant illness, significant injury, expert opinion, paediatric early warning scores (PEWS), safety systems











ABSTRACT

Objectives – To establish standardised endpoints for use in paediatric early warning scores (PEWS) and safety systems research in the Emergency Department (ED), by defining the significant illness and injury that would warrant acute admission to hospital, using consensus of expert opinion.  Such a list does not yet exist, but could be utilised to benchmark the performance of different PEWS and other safety systems in the ED, which has been identified as a research priority.
Design – Three online survey rounds were done to establish consensus of what conditions are “significant” derived from a list of common childhood illness/injury presentations to EDs. “Significant” was defined as warranting acute admission to hospital in the opinion of the respondent, using a five-part Likert scale. Consensus was set at a threshold of  ≥80% (positive or negative). A total of 258 conditions were tested over the three rounds (Round One: 161; Round Two: 83; Round Three: 14).
Participants & setting - Eligible participants were Consultants in general paediatrics, emergency medicine, and paediatric emergency medicine, accessed via research collaboratives.  Paediatric Emergency Research in the UK & Ireland (PERUKI) consists of members in 53 EDs across the UK and Ireland, with a mix of secondary care and tertiary sites in urban and rural locations. General and Adolescent Paediatric Research in the UK & Ireland (GAPRUKI) has 27 sites across the UK, 17 of which overlap with PERUKI. 43 (68%) out of the combined 63 PERUKI and GAPRUKI sites responded. 
Main outcome measure – To create a list of conditions regarded as “significant” with ≥80% level of consensus of expert opinion.
Results – The number of participants in Rounds One, Two and Three were 223, 177 and 148 respectively. At the end of this process, a list of 154 significant conditions reaching ≥80% positive consensus was yielded. One condition reached ≥80% negative consensus. 37 conditions did not reach consensus after three rounds.
Conclusions – For the first time, a list of significant childhood conditions has been created by UK and Ireland expert consensus opinion. These identified conditions can now be taken as the benchmark for future research into the performance of PEWS and other safety systems in the ED setting.

Word count: 352









BACKGROUND
The early recognition of potential severe illness in children and young people, and especially the prevention of deterioration, is the focus of clinical care, research, policy-making and public interest1 2 . In 2008, in response to their inquiry into child deaths, the Confidential Enquiry into Maternal And Child Health deaths (CEMACH) recommended Paediatric Early Warning Scores (PEWS) be introduced and used on paediatric in-patient wards to reduce morbidity and mortality3. Numerous PEWS scores have since been introduced but often their validation has been inadequate and their effectiveness has yet to be demonstrated4. Most scores have been retrospectively modelled and the endpoints chosen for validation purposes have been variable and poorly defined (e.g. unexpected Paediatric High Dependency Unit (PHDU) admission or unexpected Paediatric Intensive Care Unit (PICU) admission, cardiac or respiratory arrest, or critical deterioration)5. Mortality in children and young people is an infrequent event. When implemented in isolation, no score has yet been demonstrated to have an impact on reducing mortality in this group6-8 although there is emerging evidence that  PEWS implementation as part of a package of care may reduce mortality7.

The research priorities of paediatric emergency medicine clinicians in the UK and Ireland have been identified, enabling research to focus on key areas. One such recommended research area is to look at whether scoring systems can accurately predict severe illness or injury, and hence the need for admission or discharge, from the Emergency Department ED9. However to date, no standardised list of significant illness or injury exists to examine PEWS efficacy and the systems around the use of such scores.

Previous work done in emergency care settings has shown varying accuracy across scoring systems in identifying the sick child and the child that requires admission to hospital10-15. In one such study11 the authors compiled their own list of significant illness definitions, which they then used as a benchmark to assess PEWS performance.

STUDY OBJECTIVES
In this study, to establish clear standardised endpoints for use in subsequent PEWS research in EDs, we aimed to create a list of definitions for significant acute illness and injury that warrant admission to hospital, using a consensus of expert opinion.  This list of definitions could then be employed in future work to benchmark the performance of different PEWS and safety systems in the ED with regards to their utility in predicting significant illness and injury in children. 

METHODS
Participant recruitment
We conducted an online, three-round Delphi survey of paediatric emergency medicine (PEM), general paediatric and emergency medicine consultants in the UK and Ireland, using the web-based Smart Survey (smartsurvey.co.uk). The Delphi period was between July 2017 to February 2018. Each round ran for four weeks, separated by 4-6 weeks to allow analysis and interpretation of responses.  Participants were identified via Paediatric Emergency Research in the UK & Ireland (PERUKI)16 and General and Adolescent Paediatric Research in the UK & Ireland (GAPRUKI). PERUKI is a collaborative PEM research network whose membership consists of 53 EDs across the UK and Ireland, with a mix of secondary and tertiary sites in both urban and rural locations. GAPRUKI has 27 sites across the UK and Ireland, 17 of which overlap with PERUKI. Consultants were chosen as participants as they form the most senior level of expertise and clinical decision making. Participants were identified as follows:

PERUKI: Round One potential participants were identified and invited by the study site lead at participating sites, and the denominator was shared with the study team.  They were kept updated on progress throughout that round, and reminders were sent two weeks and one week before closing.   In subsequent rounds, respondents to the preceding round were invited directly by the study team.  Site leads were again kept updated throughout these rounds, with reminders at the same intervals.

GAPRUKI:  In Round One, the GAPRUKI chair contacted all Consultant members. In subsequent rounds all those who responded to the preceding round were invited through the same email invitation as PERUKI participants. The GAPRUKI chair sent reminders for Round One, and the PERUKI study lead sent reminders for Rounds Two and Three. 

Delphi methodology
Delphi surveys involve a series of sequential rounds interspersed by controlled feedback to gain the most reliable consensus of opinion from a group of experts17-19. We adopted a modified Delphi process19 whereby after each round, the statements that achieved consensus were eliminated, and statements that did not achieve consensus carried through to the next round of questioning.  This approach was taken to maximise participation in the study through minimising responder fatigue. 

Definitions
For the purposes of the study, the term “acute hospital admission” was used as the focus for defining the significance of the illness or injury, since the decision to admit to hospital reflects a key judgement an ED clinician has to make on the balance of risk. The qualifying term “suspected” was included in some statements for certain conditions as, in the ED environment, clinicians are often presented with undifferentiated illness with the final diagnosis being made at a later stage. 

“Acute hospital admission” was defined as acute admission to hospital including short inpatient stays of less than 24 hours (including in Short Stay Units or Children’s Assessment Units), and transfer and admission to other offsite inpatient units.  It did not include referral to outpatients, review clinic or planned future elective admission. 

“Suspected” illness was defined from the point of view of the respondent being the assessing clinician; this therefore describes the situation of having strong enough clinical concern to admit for ongoing treatment, diagnostics, or close observation. This included those in whom the diagnosis had been confirmed. This definition was based on the available facilities and access to diagnostic tests, which was expected to vary dependent on the respondent’s clinical setting. 

Survey construction
Round One consisted of 161 statements on conditions from the following 17 illness and injury categories:  infection, respiratory, cardiac, gastroenterology, neurology, trauma, surgery, allergy, dermatology, endocrine and metabolic, toxicology, musculoskeletal, haematology, renal, safeguarding, mental health and miscellaneous. Building upon previous work11, we included illness and injury conditions that were considered by the study team to cover the majority of significant ED presentations.  In Round One we also asked the speciality background and type of centre they worked in.

For each condition, the respondent was asked whether they agreed that the condition was significant enough to warrant acute admission to hospital, with admission being used as a proxy for significant illness or injury. A five-part Likert scale was used for answers: strongly disagree (1), disagree (2), neutral (3), agree (4), strongly agree (5). We aimed to use up to three survey rounds, as per accepted Delphi practice.

In Round One respondents had the opportunity to suggest additional conditions and scenarios they thought would warrant hospital admission from the ED. These suggestions were then tested in Round Two. After each round, statements that did not achieve consensus were either repeated or modified in subsequent rounds, according to the following: 

· Original Round One statements re-included if the phrasing of the statement was deemed to have sufficient clarity by the study team and no feedback to the contrary given by respondents
· Where subgroups of severity/risk were highlighted, original Round One statements were included with further relevant statements
· Where Round One feedback highlighted that the original statement was ambiguous and needed more clarity, the statement was rephrased and included
· Pooling of some statements together into one where appropriate (to cut down on statement numbers and so minimise responder fatigue)

Round Three included only the statements suggested by Round One respondents that did not achieve consensus in Round Two. Statements that had carried through from Round One to Round Two were not included again in Round Three as they had already been through the process of expert opinion re-testing. All statements not achieving consensus after a single round of testing therefore had the fair opportunity of being subjected to a second round of re-testing.

In Rounds Two and Three we included another answer option (based on feedback from Round One) of “I do not look after children with this condition.” With this we aimed to reduce the number of neutral responses and so increase the yield of positive or negative agreement.

The surveys for each round are available to view as supplemental material online.

Ethics
No formal research ethical approval was required for this study as it was a survey of health professionals identified via established research networks.  Participation was deemed as consent.

Analysis
We set group consensus as a priori 80% agreement either side of the Likert scale i.e. 80% total of strongly disagree and disagree (negative consensus), or 80% total of strongly agree and agree (positive consensus).   Accepted practices of Delphi consensus parameters often quote a threshold of 70% agreement, though this is not a rule 17 18 20. We chose a higher threshold as we were using a proxy outcome for significant illness (admission), therefore we wanted the consensus level to be more robust. For statements on which consensus was reached, median and interquartile range (IQR) were calculated from the five-point Likert scale results. For statements which did not reach consensus, medians and IQRs were used to demonstrate the spread of opinion in the responses. Analysis was conducted using MedCalc Statistical Software version 17.9.2, Belgium. 











RESULTS

A total of 295 consultants were identified from the PERUKI and GAPRUKI networks combined and all were invited to participate (Figure 1). Two hundred and twenty three (76%) participated in the survey. In Round 2 a total of 177 respondents participated (76% of Round One). In Round 3 a total of 148 respondents participated (83.6% of Round 2). The greatest proportion of respondents (61.1%) came from an Emergency Medicine background (either adult Emergency Medicine, Emergency Medicine with PEM or Paediatrics with PEM) (Table 1).


Table 1. Speciality background of survey respondents. Abbreviation: PEM - Paediatric Emergency Medicine
	 
	Response Percent
	Response Total (n)

	Emergency Medicine with speciality PEM
		 



	17.7%
	39

	Paediatrics with speciality PEM
		 



	27.6%
	61

	Emergency Medicine
		 



	15.8%
	35

	 General Paediatrics
		 



	37.6%
	83

	Other 
		 



	1.4%
	3

	Speciality not disclosed by participant
	I
	0.9%
	2



Most participants were based in a tertiary centre, 61.0% (Table 2).  Forty three (68%) out of 63 combined PERUKI and GAPRUKI sites responded.

Table 2. Type of centre of survey respondents
	 
	Response Percent
	Response Total (n)

	Tertiary Centre
		 



	61.0%
	136

	District General (Local) Hospital
		 



	34.5%
	77

	Other
		 



	4.5%
	10






Round One
All the 161 Round One illness/injury statements were answered by all respondents. One hundred and six statements (65.8%) reached ≥80% positive consensus (Table 3); none reached ≥80% of negative consensus. The mean percentage of neutral responses was significantly greater for statements not reaching consensus versus those meeting consensus, 28.0% (95% CI 26.1% to 29.9%) and 4.7% (95% CI 3.8% to 5.5%) respectively (p=0.01). 

Round Two
Round Two consisted of 83 statements of which 23 were new statements suggested by Round One respondents, and 60 were statements from Round One which did not reach consensus. An exception to Round Two statement inclusion was made for Pneumothorax: tension or non-tension. Though this reached our a priori level of agreement for consensus, respondent feedback strongly suggested this should be separated into three different statements: (i) Tension pneumothorax, (ii) Non-tension pneumothorax not related to trauma (defined as any of: >2cm on CXR, patient is breathless, patient has an oxygen requirement, post needle aspiration the patient is clinically no better or the pneumothorax is still > 2cm on CXR), and (iii) Non-tension pneumothorax secondary to trauma.

All 83 statements were answered by all respondents, of which 44 (53%) reached ≥80% positive consensus. One statement (New presentation of uncomplicated Henoch Schonlein Purpura) reached negative consensus. Of the 60 Round One originating statements, 33 (55.0%) reached consensus and of the 23 new statements, 12 (52.2%) reached consensus. 

Round Three
Round Three consisted of 14 statements which all originated from the 11 new statements in Round Two that did not achieve consensus. 
All 14 statements were answered by all respondents, of which 4 (28.5%) reached ≥80% positive consensus. No conditions reached ≥80% negative consensus.  

Across all three rounds, 154 conditions reached ≥80% positive consensus and one condition reached ≥80% negative consensus (Table 3). Thirty seven statements did not reach consensus (Table 4). For statements reaching positive consensus the median Likert scale responses ranged between 4  to 5, whereas statements not reaching consensus had median Likert scale responses ranging between 2 to 4.





Figure 1. Summary of enrolment
(FIGURE 1 GOES HERE)

































Table 3. Summary of illness/injury conditions reaching ≥80% positive consensus for warranting acute admission to hospital in all 3 rounds. All statements had full responses. Total Round One responses n=223; Round Two responses n=177; Round Three responses n = 148. Total number responding in positive agreement and percentage consensus displayed. The median Likert scale responses are displayed (1=strongly disagree, 2=disagree, 3=neutral, 4=agree, 5=strongly agree) with the interquartile range (IQR). For Rounds Two and Three, total number of respondents who do not look after children with that condition are displayed. Abbreviations: WCC - white cell count; CRT - capillary refill time; SVC - superior vena ava; VF - ventricular fibrillation; VT - ventricular tachycardia; SVT - supraventricular tachycardia; VP - ventricular-peritoneal; GCS - Glasgow coma scale; ICP - intracranial pressure; ED - emergency department  
	Delphi Roundi
	Illness Category
	N (percentage)
	N not looking after children with this conditionii
	Median
	IQR

	INFECTION
	
	
	
	
	

	1
	Fever in a child under 1month old

	207 (92.9%)
	
	5
	4 to 5

	1
	Fever in a 1-3 month old appearing unwell OR with a WCC <5 or >15 x10 9/L
	217 (97.3%)
	
	5
	4 to 5

	1
	Suspected meningitis

	221 (91.0%)
	
	5
	5 to 5

	1
	Suspected sepsis (all causes including neutropenic)

	219 (98.2%)
	
	5
	5 to 5

	1
	Fever in an immunocompromised patient

	215 (96.5%)
	
	5
	4 to 5

	1
	Herpes, Chickenpox or shingles infection in immunocompromised patient
	216 (96.8%)
	
	5
	4 to 5

	1
	Ophthalmic eczema herpeticum
	198 (88.8%)
	
	4
	4 to 5

	1
	Suspected encephalitis
	221 (99.1%)
	
	5
	5 to 5

	1
	Orbital (post-septal) cellulitis
	217 (97.3%)
	
	5
	4 to 5

	1
	Suspected mastoiditis
	207 (92.8%)
	
	4
	4 to 5

	1
	Toxic shock syndrome
	223 (100%)
	
	5
	5 to 5

	1
	Strongly suspected or confirmed tropical infection involving: malaria, typhoid, viral haemorrhagic fever (all types)
	201 (90.1%)
	
	5
	4 to 5

	1
	Suspected osteomyelitis
	203 (91.0%)
	
	5
	4 to 5

	1
	Suspected septic arthritis
	218 (97.8%)
	
	5
	4 to 5

	1
	Suspected epiglottitis
	223 (100%)
	
	5
	5 to 5

	1
	Suspected bacterial tracheitis
	218 (97.7%)
	
	5
	5 to 5

	1
	Severe pneumonia (oxygen saturations below 92% in air or dullness to percussion or reduced air entry or significant work of breathing or signs of sepsis)
	221 (99.1%)
	
	5
	5 to 5

	1
	Suspected infective endocarditis
	222 (99.6%)
	
	5
	4 to 5

	1
	Scalded skin syndrome
	208 (93.3%)
	
	5
	4 to 5

	2 (1)
	An upper respiratory tract infection compromising feeding/oral intake, whereby the child (over 3 months) appears dehydrated and has failed an oral fluid challenge in the department
	171 (96.6%)
	0
	5
	4 to 5

	2 (1)
	Suspected pyelonephritis in a child who appears unwell with physiological derangement
	174 (98.3%)
	0
	5
	4 to 5

	2 (1)
	Newly presenting periorbital (pre-septal) cellulitis that has any one of: spread rapidly according to the history, appears extensive/florid
	145 (81.9%)
	0
	4
	4 to 5

	2 (1)
	2nd presentation of periorbital cellulitis which has not improved after 24 hours or worsened at any time with oral treatment
	160 (90.4%)
	0
	5
	4 to 5

	2 (1)
	2nd presentation of soft tissue infection that has not improved after 24 hours or worsened at any time since commencing oral antibiotics
	147 (83.0%)
	0
	4
	4 to 5

	2 (1)
	Suspected pelvic inflammatory disease (with no safeguarding concerns) with signs of systemic illness, signs of tubo-ovarian abscess on ultrasound or clinical signs of pelvic peritonism
	169 (99.4%)
	7
	5
	4 to 5

	2 (1)
	Acute viral hepatitis with evidence of acute liver failure (encephalopathy or coagulopathy)
	175 (99.4%)
	1
	5
	5 to 5

	3 (2)
	Non-blanching rash with fever plus any one of the following: signs of appearing unwell; meningism; prolonged CRT; abnormal vital signs; presence of purpura; rash outside SVC distribution; abnormal WCC, clotting or raised CRP
	146 (98.6%)

	0
	5
	5 to 5

	3 (2)
	Suspected bacterial infection in a systemically unwell child with chickenpox
	143
(96.6%)
	0
	5
	4 to 5

	RESPIRATORY
	
	
	

	1
	Wheeze (viral-induced or asthma) not responding to inhaler or nebuliser therapy or not resolving quick enough in the time allowed within the 4 hour ED wait time to allow safe discharge home
	186 (83.4%)
	
	4
	4 to 5

	1
	Bronchiolitis where respiratory support is needed for either work of breathing or hypoxia, or feeding support is needed, or if there is a RED-FLAG co-morbidity i.e. congenital heart disease, history of prematurity, chronic lung disease, cystic fibrosis, neuromuscular disease, age less than 1 month old
	100 (100%)
	
	5
	5 to 5

	1
	Croup where the child still has stridor at rest or respiratory difficulty after administration of oral dexamethasone or inhaled budesonide
	199 (89.2%)
	
	4
	4 to 5

	1
	Any respiratory condition with signs of, or high risk of developing airway compromise
	220 (98.6%)
	
	5
	5 to 5

	1
	Pneumothorax (tension and non-tension)
	183 (82.0%)
	
	4
	4 to 5

	1
	Any respiratory condition requiring supplemental oxygen support (if the child is already on home oxygen, then this definition applies to those requiring escalation of their support)
	218 (97.8%)
	
	5
	4 to 5

	1
	Any respiratory condition requiring non-invasive or invasive ventilatory support (if the child is already on home ventilation, then this definition applies to those requiring escalation of their support)
	221 (99.1%)
	
	5
	5 to 5

	2 (1)
	Tension pneumothorax
	174 (99.4%)
	2
	5
	5 to 5

	2 (1)
	Non-tension pneumothorax (not related to trauma) which is any one of: >2cm on chest x-ray; patient is breathless; patient has an oxygen requirement; post needle aspiration the patient is clinically no better or the pneumothorax is still >2cm on chest x-ray
	170 (96.6%)
	1
	5
	4 to 5

	2 (1)
	Pneumothorax (non-tension) secondary to Trauma
	156 (89.7%)
	3
	5
	4 to 5

	CARDIAC
	
	
	
	
	

	1
	Congestive heart failure (any cause)
	201 (90.1%)
	
	4
	4 to 5

	1
	Suspected or confirmed new diagnosis of cyanotic congenital heart disease
	212 (95.1%)
	
	5
	4 to 5

	1
	Suspected or confirmed duct-dependant lesion
	216 (96.9%)
	
	5
	4 to 5

	1
	Suspected or confirmed total anomalous pulmonary venous drainage
	211 (94.7%)
	
	5
	4 to 5

	1
	Evidence of myocardial ischaemia or infarction
	223 (100%)
	
	5
	5 to 5

	1
	New diagnosis of cardiomyopathy
	206 (92.4%)
	
	5
	4 to 5

	1
	Suspected myocarditis
	220 (98.6%)
	
	5
	4 to 5

	1
	Suspected pericarditis
	183 (82.1%)
	
	4
	4 to 5

	1
	Cardiac tamponade (all causes)
	222 (99.6%)
	
	5
	5 to 5

	1
	Suspected Kawasaki disease
	210 (94.2%)
	
	5
	4 to 5

	1
	Acute rheumatic fever
	209 (93.7%)
	
	5
	4 to 5

	1
	Ventricular tachycardia
	217 (97.4%)
	
	5
	4 to 5

	1
	New diagnosis of 2nd or 3rd degree heart block, or known heart block which has become symptomatic
	215 (96.4%)
	
	5
	4 to 5

	2 (1)
	Collapse with any new findings of: cardiac symptoms in the history (such as exertional dyspnoea), possible obstructive cardiac lesion on examination (such as murmur of aortic stenosis), or abnormal ECG findings suggestive of a cardiomyopathy such as HOCM, or a channelopathy such as Long QT
	158 (89.8%)
	1
	5
	4 to 5

	2
	Asystolic (any cause), VF or pulseless VT cardiac arrest, with return of spontaneous circulation after resuscitation
	177 (100%)
	0
	5
	5 to 5

	2 (1)
	SVT (new presentation or known history) that requires escalation of treatment beyond vagal manoeuvres or adenosine to achieve cardioversion (such as DC-shock or loading with anti-arrhythmic agents). No haemodynamic compromise.
	153 (86.4%)
	0
	5
	4 to 5

	2 (1)
	SVT (any age, new presentation or previous history) presenting with haemodynamic compromise
	161 (91%)
	0
	5
	4 to 5

	GASTROENTEROLOGY
	
	
	
	
	

	1
	Gastroenteritis with abnormal vital signs/systemically unwell
	209 (93.7%)
	
	4
	4 to 5

	1
	Gastroesophageal reflux: with apnoea or frequent choking
	194 (87.0%)
	
	4
	4 to 5

	1
	Inflammatory bowel disease – new (or suspected new) diagnosis with significant rectal bleeding, suspected acute surgical concerns, or signs of physiological derangement
	219 (98.2%)
	
	5
	4 to 5

	1
	Haematemesis (large volume of blood or sustained bloody vomiting)
	221 (99.1%)
	
	5
	4 to 5

	2 (1)
	Gastroenteritis whereby the child (any age) appears dehydrated and has failed an oral rehydration challenge including with an antiemetic
	170 (96%)
	0
	4
	4 to 5

	2 (1)
	Vomiting and/or diarrhoea with any of the following: physiological derangement, large volume of blood or frequent occurrence of blood in stool
	165 (93.2%)
	0
	5
	4 to 5

	2 (1)
	Abdominal pain with signs indicating a surgical condition or signs of systemic illness including physiological derangement
	174 (98.3%)
	0
	5
	4 to 5

	2 (1)
	Failure to thrive in an infant who appears unwell
	162 (92.6%)
	2
	4
	4 to 5

	NEUROLOGY
	
	
	
	
	

	1
	Encephalopathy (all causes)
	219 (98.2%)
	
	5
	4 to 5

	1
	Signs/symptoms of raised intracranial pressure (including idiopathic) not in the context of a head injury
	215 (96.4%)
	
	5
	4 to 5

	1
	Atypical febrile convulsion
	184 (82.5%)
	
	4
	4 to 5

	1
	1st generalised seizure with any of the following: lasting >5 mins, looking unwell, abnormal development, co-morbidities, head injury, age under 1 year old
	199 (89.2%)
	
	4
	4 to 5

	1
	Status Epilepticus
	216 (96.9%)
	
	5
	4 to 5

	1
	New diagnosis of hydrocephalus
	179 (80.3%)
	
	4
	4 to 5

	1
	New seizures or change in neurology in a child with a VP shunt
	213 (95.5%)
	
	5
	4 to 5

	1
	Suspected blocked, infected or malfunctioning VP shunt
	219 (98.2%)
	
	5
	4 to 5

	1
	Psychosis (organic cause not excluded at this time)
	208 (93.3%)
	
	4
	4 to 5

	1
	Signs/symptoms of focal neurological problem
	179 (80.3%)
	
	4
	4 to 5

	1
	Ongoing reduced or fluctuating level of consciousness
	223 (100%)
	
	5
	4 to 5

	1
	Suspected Guillain-Barré or other progressing paralysis syndrome
	223 (100%)
	
	5
	5 to 5

	1
	Suspected transverse myelitis
	220 (98.7%)
	
	5
	4 to 5

	1
	Suspected or confirmed cerebrovascular accident
	223 (100%)
	
	5
	5 to 5

	1
	Non-traumatic cavernous sinus thrombosis, subarachnoid or intracerebral haemorrhage (suspected or confirmed)
	223 (100%)
	
	5
	5 to 5

	2 (1)
	Newly presenting Infantile Spasms
	140 (80.0%)
	2
	4
	4 to 5

	2
	Status dystonicus
	139 (82.7%)
	9
	4
	4 to 5

	TRAUMA
	
	
	
	
	

	1
	Signs of traumatic airway injury
	223 (100%)
	
	5
	5 to 5

	1
	Head injury with signs of traumatic brain/skull injury on CT scan requiring either acute neurosurgical intervention or a period of neuro-observation
	223 (100%)
	
	5
	5 to 5

	1
	Head injury with normal head CT scan but persisting signs of brain injury: reduced/fluctuating GCS, signs of raised ICP, vomiting, abnormal neurology
	222 (99.6%)
	
	5
	4 to 5

	1
	Any traumatic injury/injuries requiring urgent surgical or interventional radiology intervention or period of observation for greater than the 4 hour ED wait limit allows
	220 (98.6%)
	
	5
	4 to 5

	1
	Trauma associated with signs of cardiovascular compromise/instability
	223 (100%)
	
	5
	5 to 5

	1
	Signs of smoke inhalation
	208 (93.2%)
	
	5
	4 to 5

	1
	All circumferential burns
	204 (91.5%)
	
	4
	4 to 5

	1
	Any burn with suspicion of non-accidental injury
	195 (87.4%)
	
	5
	4 to 5

	2 (1)
	Any burn that requires immediate in-patient specialist burns team input (as advised by burns team or local burns unit policy)
	165 (95.4%)
	4
	5
	4 to 5

	2
	Compartment syndrome
	170 (100%)
	7
	5
	5 to 5

	2
	Blunt abdominal trauma with on-going pain but normal imaging
	148 (87.6%)
	8
	4
	4 to 5

	2
	Head injury, well child, vomited throughout 4 hours in the ED, parents do not want a CT
	160 (91.4%)
	2
	4
	4 to 5

	2
	Fractures requiring reduction and period of traction
	152 (92.1%)
	11
	5
	4 to 5

	2
	Significant mechanism of injury with no obvious injury identified, but the distress of the child makes completion of the examination difficult
	154 (91.6%)
	5
	4
	4 to 5

	SURGERY
	
	
	
	
	

	1
	Suspected appendicitis
	196 (87.9%)
	
	4
	4 to 5

	1
	Suspected (if unable to rule out whilst in ED) or confirmed pyloric stenosis
	206 (92.4%)
	
	4
	4 to 5

	1
	Suspected (if unable to rule out whilst in ED) or confirmed intussusception
	219 (98.2%)
	
	5
	4 to 5

	1
	Bowel obstruction (whatever cause)
	221 (99.1%)
	
	5
	4 to 5

	1
	Acute abdomen (any cause)
	214 (96.0%)
	
	5
	4 to 5

	1
	Acute pancreatitis
	222 (99.6%)
	
	5
	4 to 5

	1
	Incarcerated/strangulated hernia (all types)
	222 (99.5%)
	
	5
	4 to 5

	1
	Swallowed foreign body requiring surgical/endoscopic intervention (e.g. button battery)
	210 (94.2%)
	
	5
	4 to 5

	1
	Post-tonsillectomy bleed
	213 (95.5%)
	
	5
	4 to 5

	1
	Suspected testicular torsion
	219 (98.2%)
	
	5
	4 to 5

	1
	Suspected urological tract obstruction
	217 (97.3%)
	
	5
	4 to 5

	1
	Ectopic pregnancy
	212 (95.1%)
	
	5
	4 to 5

	1
	New presentation of conjugated hyperbilirubinemia/obstructive jaundice
	196 (87.9%)
	
	4
	4 to 5

	1
	Suspected necrotising fasciitis
	223 (100%)
	
	5
	5 to 5

	2 (1)
	Abscess (any) with signs of systemic involvement (such as fever, physiological derangement)
	148 (83.6%)
	0
	4
	4 to 5

	ALLERGY
	
	
	
	
	

	1
	Anaphylactic reaction (involving airway, respiratory or cardiovascular compromise)
	208 (93.3%)
	
	5
	4 to 5

	DERMATOLOGY
	
	
	
	
	

	1
	Steven- Johnson’s/erythema multiforme major
	216 (96.9%)
	
	5
	4 to 5

	2 (1)
	Erythroderma with systemic derangement
	168 (97.7%)
	5
	4
	4 to 5

	3 (2)
	Bleeding haemangioma where you cannot achieve adequate haemostasis within the ED
	135
(93.8%)
	0
	4
	4 to 5

	ENDOCRINE & METABOLIC
	
	
	
	
	

	1
	Diabetic ketoacidosis
	221 (99.1%)
	
	5
	5 to 5

	1
	Thyrotoxicosis or thyroid storm
	216 (96.8%)
	
	5
	4 to 5

	1
	Adrenal crisis
	223 (100%)
	
	5
	4 to 5

	1
	Unexplained hypoglycaemia
	205 (91.9%)
	
	4
	4 to 5

	1
	Symptomatic hypoglycaemia
	182 (81.6%)
	
	4
	4 to 5

	1
	Metabolic acidosis or alkalosis (with no underlying diagnosis assigned at time seen)
	185 (83.0%)
	
	4
	4 to 5

	1
	Decompensation of known metabolic disorder
	215 (96.4%)
	
	5
	4 to 5

	1
	Known metabolic disorder where the child has a concurrent illness and is not tolerating their oral emergency regimen
	221 (99.1%)
	
	5
	4 to 5

	1
	Suspected new metabolic condition
	186 (83.4%)
	
	4
	4 to 5

	1
	Significant electrolyte derangement (for example Na2+ <130, K+ >6)
	210 (94.2%)
	
	5
	4 to 5

	TOXICOLOGY
	
	
	
	
	

	1
	Any poisoning requiring hospital admission for treatment or a period of observation beyond that allowed in the ED, as defined by TOXBASE
	200 (89.7%)
	
	5
	4 to 5

	2
	Medication or recreational drug reaction that results in systemic derangement or physical symptoms e.g. oculogyric crisis
	152 (86.4%)
	1
	4
	4 to 5

	MUSCULOSKELETAL/RHEUMATOLOGY 
	
	
	
	
	

	2 (1)
	Inflammatory arthritis (new or known history) with systemic disturbance or unable to control symptoms with simple analgesia/anti-inflammatory drugs
	145 (82.4%)
	1
	4
	4 to 4

	2
	New presentation of uncomplicated Henoch Schonlein Purpura
	16 (141 negative responses; 80.1% negative consensus)
	1
	2
	1 to 2

	HAEMATOLOGY
	
	
	
	
	

	1
	Sickle cell crisis (all forms)
	200 (89.7%)
	
	4
	4 to 5

	1
	Symptomatic thrombocytopenia
	195 (87.4%)
	
	4
	4 to 5

	1
	Evidence of disseminated intravascular coagulation
	223 (100%)
	
	5
	5 to 5

	1
	Uncontrolled bleeding (any cause)
	223 (100%)
	
	5
	5 to 5

	2 (1)
	Anaemia (any cause) that requires a blood transfusion
	145 (82.4%)
	1
	4
	4 to 5

	2 (1)
	Thrombocytopenia with signs of active bleeding
	172 (97.8%)
	1
	5
	4 to 5

	2 (1)
	Idiopathic thrombocytopenia purpura (ITP) with signs of active bleeding
	169 (96.0%)
	1
	4
	4 to 5

	2 (1)
	Altered consciousness or signs of intracranial haemorrhage in a child with ITP
	177 (100%)
	0
	5
	5 to 5

	RENAL
	
	
	
	
	

	1
	Haemolytic uraemic syndrome
	219 (98.2%)
	
	5
	4 to 5

	1
	Acute renal impairment (all causes)
	201 (90.1%)
	
	4
	4 to 5

	1
	Acute on chronic renal impairment
	188 (84.3%)
	
	4
	4 to 5

	2 (1)
	Any acute nephropathy with any one of: hypertension, haemodynamic derangement, renal impairment
	169 (97.1%)
	3
	5
	4 to 5

	2 (1)
	Known history of nephropathy with decompensation of renal function, haemodynamic status
	171 (97.7%)
	2
	5
	4 to 5

	2 (1)
	Symptomatic hypertension
	158 (90.3%)
	2
	5
	4 to 5

	SAFEGUARDING
	
	
	
	
	

	1
	Bruising, fracture or other injury in a non-mobile child with no medical explanation
	191 (85.6%)
	
	4
	4 to 5

	2 (1)
	Any safeguarding scenario where a place of safety for the child cannot be arranged immediately from the ED
	159 (89.8%)
	0
	5
	4 to 5

	MENTAL HEALTH
	
	
	
	
	

	1
	Deliberate self-poisoning
	184 (82.5%)
	
	4
	4 to 5

	1
	Attempted suicide
	207 (92.9%)
	
	5
	4 to 5

	1
	Severe mood disorder with psychotic features
	204 (91.5%)
	
	4
	4 to 5

	1
	Eating disorders with systemic derangement: electrolyte derangement, significant weight loss, cardiovascular compromise (extreme bradycardia, hypotension), hypothermia, dehydration
	212 (95.0%)
	
	5
	4 to 5

	2 (1)
	Self-harm (1st or known previous episodes) where you assess the child/young person is high risk of re-harming themselves if sent home from the ED
	169 (95.5%)
	0
	5
	4 to 5

	2 (1)
	Suicidal ideation where you assess the child/young person is high risk of carrying out suicide attempt if sent home from the ED
	176 (99.4%)
	0
	5
	4 to 5

	MISCELLANEOUS

	1
	New diagnosis (confirmed or suspected) of ANY malignancy or progression/decompensation of a known malignancy
	186 (83.4%)
	
	4
	4 to 5

	2 (1)
	Acute life threatening event in an infant (ALTE; newly renamed as Brief Resolved Unexplained Event (BRUE )) with any one of: age < 60 days; born < 32 weeks and corrected gestational age < 45 weeks; more than one presentation with ALTE; duration of event was > 1 minute; CPR required by trained medical provider; concerning historical features; concerning physical examination findings (criteria taken from American Academy of Pediatrics guidance21)
	174 (98.3%)
	0
	5
	4 to 5

	2
	Pain control - irrespective of cause, need for opiate analgesia (new/escalating/IV)
	148 (83.6%)
	0
	4
	4 to 5

	2
	Failure of home care package for child with complex medical needs, when parents/carers usually providing high level of medical care at home are unable to do so due to child’s worsening illness or parental factors
	151 (85.3%)
	2
	4
	4 to 5

	2
	Palliative care not supported in the community
	146 (82.5%)
	2
	4
	4 to 4

	3 (2)
	Systemically well new-born struggling to establish feeds with >10% weight loss AND has an electrolyte abnormality
	138
(93.9%)
	1
	4
	4 to 5


i. Not applicable to Round One as this option was introduced from Round Two
ii. Not applicable to Round One as this option was introduced from Round Two














Table 4. Statements which did not reach consensus by the end of the Delphi three round process. The rounds from which the statement originated are displayed in column one. Each of these statements have undergone two rounds of testing, and the percentage consensus, median Likert scale responses (1=strongly disagree, 2=disagree, 3=neutral, 4=agree, 5=strongly agree) and the interquartile range (IQR) are displayed. Abbreviations: DKA: diabetic ketoacidosis; SVT - supraventricular tachycardia; ED - emergency department  
	Round One (R1) or new statement
	
	n
	I do not look after these children (n)
	Median
	IQR

	INFECTION
	
	
	
	
	

	R1
	Significant Varicella Zoster (VZV) exposure in immunocompromised patient with known absence of immunity to VZV
	121 (69.0%)
	2
	4
	3 to 5

	R1
	Newly presenting soft tissue infection that has any one of: spread rapidly according to the history or appears extensive
	122 (68.9%)
	0
	4
	3 to 5

	R1
	Any soft tissue infection accompanied by signs of systemic illness
	139 (78.5%)
	0
	4
	4 to 5 

	RESPIRATORY
	All reached consensus in this category
	
	
	
	

	CARDIAC
	
	
	
	
	

	R1
	Collapse in a child who appears well now, but the collapse was associated with any one of: exercise/exertion, sudden onset palpitations, exertional chest pain, auditory stimulus, being in water/swimming, known structural heart disease e.g. aortic stenosis, cardiomyopathy, strong family history of unexplained sudden death in the young or channelopathy such as long QT; where child is now well, clinical examination and ECG appear normal
	117 (66.5%)
	1
	4
	3 to 5

	R1
	New diagnosis of SVT in a child (non-infant) which cardioverts to sinus rhythm with vagal manoeuvres or adenosine. Child never in haemodynamic compromise
	76 (42.9%)
	0
	3
	2 to 4

	R1
	SVT in an infant (new presentation or previous history), not haemodynamically compromised
	123 (69.5%)
	0
	4
	3 to 4

	GASTROENTERLOGY

	R1
	Failure to thrive in an infant who continues to fail to thrive despite an adequate feeding/dietetic plan in place
	135 (77.1%)
	2
	4
	4 to 5

	R2 (new)
	Severe constipation with encopresis and failed home management despite compliance with full escalation of the NICE constipation oral medication pathway
	107 (73.8%)
	3
 
	4
	3 to 4

	NEUROLOGY
	
	
	
	
	

	R1
	Any generalised seizure lasting > 5mins
	63 (35.6%)
	0
	3
	2 to 4

	R1
	Generalised seizures occurring at least once weekly in a child not known previously to have epilepsy
	84 (47.8%)
	1
	3
	2 to 4

	R1
	Increasing seizure frequency in a child with known seizures
	50 (28.4%)
	1
	3
	2 to 4

	R1
	Atypical seizure pattern in a child with known seizures
	65 (36.9%)
	1
	3
	3 to 4

	R1
	Uncertainty over seizure duration. Child has made a full recovery
	19 (10.7%)
	0
	2
	2 to 3

	R2 (new)
	Suspected hemiplegic migraine, does not improve with trial of anti-migraine medication
	111 (75.0%)
	0
 
	4
	3 to 4

	R2 (new)
	Suspected hemiplegic migraine, no specialist neurology input available at time of seeing the patient in the ED
	111 (75.0%)
	0
 
	4
	3 to 4

	TRAUMA
	
	
	
	
	

	R1
	Simple linear skull fracture with no safeguarding concerns
	72 (41.2%)
	4
	3
	2 to 4

	R1
	Non-linear or depressed skull fracture. Child is well. CT brain not showing evidence of a neurosurgical emergency. No safeguarding concerns
	134 (77.5%)
	4
	4
	4 to 5

	SURGICAL
	All reached consensus in this category
	
	
	
	

	ALLERGY
	
	
	
	
	

	R1
	Widespread urticarial rash in a child who appears systemically unwell
	128 (72.3%)
	0
	4
	3 to 5

	DERMATOLOGY
	
	
	
	
	

	R1
	Severe widespread eczema not adequately responding to outpatient therapy where compliance with treatment regime is good
	86 (49.7%)
	4
	4
	3 to 4

	R2 (new)
	Unexplained petechial rash, in a well child with normal CRP, WCC and clotting results and no safeguarding concerns
	9 (6.2%)
	0
 
	2
	2 to 3

	ENDOCRINE & METABOLIC
	
	
	
	
	

	R1
	New diagnosis of Type 1 Diabetes (not in DKA)
	105 (59.7%)
	1
	4
	3 to 4

	TOXICOLOGY
	All reached consensus in this category
	
	
	
	

	MUSCULOSKELETAL/ RHEUMATOLOGY
	

	R1
	Limp with suspected sinister underlying pathology
	138 (78.0%)
	0
	4
	4 to 5

	R1
	Slipped upper femoral epiphyses
	129 (78.2%)
	12
	4
	4 to 5

	HAEMATOLOGY
	
	
	
	
	

	R1
	Any newly presenting coagulopathy
	107 (60.8%)
	1
	4
	3 to 5

	RENAL
	
	
	
	
	

	R1
	New diagnosis of nephrotic syndrome
	119 (67.6%)
	1
	4
	3 to 4

	R1
	New diagnosis of glomerulonephritis
	98 (57.0%)
	5
	4
	3 to 4

	R1
	New diagnosis of nephritic syndrome
	117 (68.4%)
	6
	4
	3 to 4

	R1
	Blood pressure >95th centile, child otherwise well
	30 (17.1%)
	1
	3
	2 to 3

	SAFEGUARDING
	
	
	
	
	

	R2 (new)
	Suspected fabricated illness, not judged to be at immediate risk of harm, without any current pre-planned admission date and time
	32 (22.0%)
	1
 
	3
	2 to 3

	MENTAL HEALTH
	All reached consensus in this category
	
	
	
	

	MISCELLANEOUS
	
	
	
	
	

	R1
	Parental factors: parents say they are not coping with the child’s acute illness at home and there is not adequate home support in available from friends and family
	137 (77.4%)
	0
	4
	4 to 4

	R1
	Parental factors: despite clinician reassurance with adequate explanation about their child not needing hospital admission, parents strongly wish that their child is admitted for observation and assessment
	84 (47.4%)
	0
	4
	3 to 4

	R1
	New finding of pregnancy in a child under 16 years. No safeguarding concerns
	15 (8.5%)
	1
	2
	2 to 3

	R2 (new)
	Problem with a tracheostomy which cannot be solved in the ED or by the parents. No immediate airway threat
	99 (66.9%)
	0
 
	4
	3 to 4

	R2 (new)
	Problem with an implanted device (for example gastrostomy or suprapubic catheter) needing specialist input, for example replacement which cannot be achieved in the ED
	93 (62.9%)
	0
 
	4
	3 to 4

	R2 (new)
	Frequent attendance for medically unexplained symptoms, such as blackouts, pseudoseizures, pain, off legs, dizziness
	54 (36.5%)
	0
 
	3
	2 to 4

	R2 (new)
	Crying baby that will not settle, but you cannot find anything medically wrong with them in the urgent care setting
	88 (59.5%)
	0
 
	4
	3 to 4

	R2 (new)
	Systemically well new-born struggling to establish feeds with >12% weight loss (electrolytes normal)
	92 (62.6%)
	1
 
	4
	3 to 4




The flow of statements through the Delphi are summarised in figure 2.

Figure 2. Flow of statements through the Delphi 
(FIGURE 2 GOES HERE )
PUT THIS IN FIGURE: *14 statements for Round Three formulated from the 11 new Round Two statements not reaching consensus









DISCUSSION

Through this modified Delphi study, we have for the first time achieved consensus on 154 paediatric conditions across 17 illness and injury categories warranting acute admission from the ED to hospital. 

The strength of our study has been the achievement of multicentre expert consensus for the majority of the illness and injury scenarios. The level of expert agreement is high, i.e. an 80% consensus threshold which is above most baselines set in the literature17-19. The study was intentionally anonymised to eliminate the introduction of persuasive bias that can arise from dominant individuals within study group face-to-face meetings. We refined statements not reaching agreement in Round One according to participant feedback and also gave the opportunity for participants to offer their suggestions on significant illness and injury presentations to the ED, which were then tested in Round Two. For statements not reaching consensus after a single round of testing, all had the opportunity of undergoing a further second round of testing, therefore the same rigor of evaluation by expert opinion was applied to each condition put forward.

Consensus was not achieved on 37 of the conditions demonstrating, that for many conditions, management will vary depending on the child’s clinical presentation, clinician experience and the available resources. Variation in opinion for non-consensus reaching statements was reflected in the wider range of median statement responses ranging from 2 (Disagree) to 4 (Agree) and in the qualitive feedback this theme became evident in frequently encountered statements such as, “medicine is not black and white.” This statement was also seen for some conditions that did achieve consensus where situations will arise where in the conditions would present in ways differing from those described, or that there were exceptional circumstances when a child would not be acutely admitted which would normally be the case, if circumstances had been otherwise.  An example of the latter would be the use of ambulatory antibiotics and for the child to return to the department for each dose of drug due to insufficient in-patient bed availability.

We refined Round Two statements based on the data and written feedback from Round One respondents. It became apparent after Round One that some respondents were giving neutral answers for statements involving conditions they do not usually look after. Therefore, for subsequent rounds we introduced a further answer option of “I do not look after children with this condition” to reduce neutral answers and therefore optimise chances of consensus. Adding this extra response option resulted in two conditions (status dystonicus and newly presenting infantile spasms) in Round Two that would not have reached the 80% threshold for consensus had the new response option not been available.   The process of re-phrasing Round One statements not reaching consensus managed to achieve consensus in thirty-three statements in Round Two that had originated in Round One.
This study’s achievement is the creation of a standardised list of statements that have been agreed by a consensus of expert opinion. It is important to note, however, that the primary of aim of this research was to develop a set of measures to act as a tool for future research purposes, such as the validation of PEWS and child safety systems in the ED. It has not been designed to be, nor is it validated to, provide clinical guidance or be used to judge quality of care between hospitals. While it may be possible to derive these using this work in future research, this list in and of itself, is not a judge of standard of care. Therefore, the authors advise against attempts to use or apply this list in day-to-day clinical practice. This is especially topical in light of recent work undertaken by the Royal College of Emergency Medicine calling for further investigation into what defines avoidable attendances to the ED22. Given that the respondents whose opinions were sought in compiling this list were informed that the list was to be established for the above mentioned research purposes, it is possible that different answers with a different list would have arisen, should a specifically defined clinical emphasis have been placed in the expert’s thoughts, rather than our defined research intent.

The majority of responders were based in emergency care but most participants (65.2%) came from a paediatric background either in PEM (27.6%) or General Paediatrics (37.6%). As such the bulk of opinion was formed by professionals specifically trained in paediatrics. The majority of respondents were from tertiary centres and so our results may not be representative of opinion from non-tertiary centres where resources and management pathways may differ. We did not separate our analysis into speciality subgroups. Our survey was confined to the UK and Ireland, and therefore our results may not be applicable in different healthcare settings where the types of disease and disease presentations may differ along with management practices, cultural attitudes and available resources.  We had a 63% response rate from all the PERUKI and GAPRUKI consultants invited to participate, therefore the opinion of those not responding is not reflected in this study. There was also a reduction in the number responding in each round, however, this is to be expected and we achieved response rates 76% and above compared to each previous round.

“Acute admission” was taken as the study’s defining criteria, being readily measurable, clearly definable, and less open to interpretation, than other clinical parameters that were considered. Clearly, this does not imply that illnesses not requiring acute hospital admission are of no significance – many such conditions are now managed in ambulatory settings, in outpatient departments, in review clinic or admitted electively at a later opportunity. However, for ED purposes where a key part of a clinician’s role is establishing whether a patient can be safely discharged (or not), defining illness/injury as “significant” using the measure of whether the condition warrants “acute” hospital admission was deemed an appropriate measure. 

Our research team created a list of statements around conditions that they thought were significant and covered most significant ED presentations, although this will have resulted in a bias towards “agree” responses. Ideally taking every ED presentation should have been tested but this would result in an unwieldy number of scenarios making such a survey un-implementable. 


CONCLUSION
By enrolling expert consensus opinion, a list of 154 paediatric illnesses and injuries warranting an acute admission to hospital from the ED has been established for future research purposes. This list of definitions can now be used to investigate the performance of PEWS and other child patient safety initiatives in a multicentre study. 
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