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ABSTRACT

Objective: Decision support tools improve risk assessment in critical paediatric inter-hospital transfers (IHT), however, data on
non-critical transfers of unwell children is limited. This study assessed the validity and reliability of a novel risk stratification
tool, paediatric non-urgent risk assessment management and nurse escort assessment (PaNURAMA), designed to improve the
quality of non-critical IHT for paediatric patients. Developed through expert multidisciplinary consultation, PaNURAMA pro-
vides three-tiered risk stratification to determine consultation, treatment, and escort needs: (i) Red (retrieval team co-ordination,
medical escort considerations), (ii) Amber (specialist consultation, potential nurse escort) and (iii) Green (standard referral, no
escort required).

Methods: PaNURAMA's accuracy in predicting risk stratification and nurse escort needs was evaluated utilising a randomised
sample with de-identified data from 175 children that underwent IHTs (2019-2020). A blinded expert reviewer applied the tool to
a pre-referral dataset, assigning predicted risk and escort requirements. Review and risk stratification of the post-arrival dataset
was also completed. Sensitivity and specificity were assessed using an exact binomial test, targeting 80% sensitivity and 75%
specificity.

Results: Of all cases, 68% were stratified as Amber, with 26% requiring an escort. Overall risk stratification agreement between
pre- and post-transfer classifications was 94% (range 62% Red to 98% Amber). Intra-rater reliability was strong (k=0.83, 95% CI:
0.74-0.92). Escort allocation had 97% specificity for true negatives and 82% for true positives. Discrepancies reflected clinical
improvements or additional findings post-referral.

Conclusion: PaNURAMA demonstrates strong validity and reliability in risk stratification and escort allocation supporting its
use in transfer decision making for non-critical paediatric IHTS.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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1 | Introduction

Inter-hospital transfers (IHTSs) are essential for patients, particu-
larly children, who often require specialised care not available at
the facility where they are being treated [1]. In Australia, 76% of
children present to non-tertiary paediatric hospital Emergency
Departments (ED) making IHT a routine occurrence for access
to specialised paediatric services [2, 3]. While formalised trans-
fer processes and specialist teams have been acknowledged to
provide the best outcomes for critically unwell children [4] these
resources are not routinely available for children who are unwell
but not critically ill, however, still require transfer.

The IHT process is often multifaceted, involving numerous key
stakeholders, detailed coordination and inherent risks with po-
tential for adverse events [5-7]. Clinical deterioration remains a
serious risk for children requiring transfer for more specialised
paediatric services [8-10]. Ambiguity and fragmented processes
for transfers of non-critically unwell children who do not meet
critical care retrieval criteria further contribute to the increased
risk [11-13].

Decision support tools that assist with identification of urgency
level, deterioration risk and escort requirements, together with
standardisation of transfer processes could mitigate this risk
[14-16]. Furthermore, unnecessary transfers could potentially
be avoided through improved risk stratification, consultation
and co-ordination.

Current literature for best standards in IHTs has centred pre-
dominately on critical transfers [4, 17]. Studies have demon-
strated that transfer co-ordination combined with a risk
stratification tool improves outcomes and increases safety
within the first 24h in paediatric critical care services [17-19].
The Queensland Paediatric Transport Triage Tool (QP3T) [4] is
a validated decision support triage tool developed to determine
if transfer should be completed by a specialist retrieval team. It
does not provide guidance for non-critical transfers. The more
commonly performed non-critical IHT has not received the
same level of focus [15, 20, 21].

The paediatric non-urgent risk assessment management and
nurse escort assessment (PaNURAMA) tool aims to address
this gap by offering a risk stratification approach to guide the
IHT of paediatric patients who do not meet retrieval criteria.
PaNURAMA was developed collaboratively by the Sunshine
Coast Hospital and Health Service Emergency and Paediatric
departments through a consultation process of expert opinion,
including Slater and colleagues [4] who validated the QP3T, a
literature review, post implementation case review and audit.
The PaNURAMA tool expands the risk stratification beyond
the QP3T [4] to provide guidance for moderately unwell or sta-
ble children requiring transfer to another facility utilising the
child's likely referral diagnosis and clinical stability (Figure 1).
The tool offers three tiers of traffic light risk stratification with
each category requiring differing levels of consultation for
consideration of management, investigation, and escort needs
to optimise safer paediatric IHTs (Figure 2). Red stratifica-
tion (Figure 2a), the QP3T, recommends consulting Retrieval
Services Queensland (RSQ) for a critical care level assessment
of resuscitation requirements, as well as the need for medical

escort and retrieval. Amber stratification (Figure 2b) recom-
mends a specialist consultation via teleconference, involving
both an Emergency physician from the Paediatric Emergency
department and a paediatrician. This consultation aims to guide
treatment before and during transfer and to assess the need for
adding a nurse escort to the paramedic transport. The nurse
escort would facilitate the administration of time-critical med-
ications, fluids or specialist interventions during transfer that
fall outside the paramedic's scope of practice. Green stratifica-
tion (Figure 2c) applies to children at low risk of deterioration,
where referral is made directly to the on-call registrar and trans-
fer occurs without the need for a nursing escort. Nurse escorts
are provided by the referring facility and are either a paediatric
ward nurse or Emergency nurse who have received training in
recognition of deterioration and local transport procedures.

PaNURAMA uses both condition-based criteria and the addi-
tion of observation criteria, such as a CEWT (Children's Early
Warning Tool) score >4, regardless of condition, to recommend
specialist consultation and coordination of transfer. This broad-
ening of criteria is supported by existing literature, which in-
dicates that using an early warning score alone moderately
predicts adverse events, particularly among younger emergency
department paediatric patients or those early in their illness or
injury presentation [22-24]. By incorporating the CEWT score
as an additional criterion, PANURAMA seeks to enhance the
prediction of potential deterioration, thereby improving the ac-
curacy of risk stratification for paediatric IHTS.

1.1 | Study Aim

This study aimed to examine the validity and reliability of the
PaNURAMA risk stratification tool. The objectives were to: (1)
investigate if the PANURAMA tool identifies those children
requiring consultation for the consideration of additional treat-
ment(s) prior to and during transfer and escort needs of children
requiring IHT; and (2) investigate if the PANURAMA tool accu-
rately identifies children who can be safely transferred without
an escort or prior specialist consultation.

2 | Methods
2.1 | Study Design

The PaNURAMA risk stratification tool was applied by a single
blinded reviewer to de-identified data collected from a retro-
spective chart audit to determine [1] risk stratification level and
[2] the need for nurse escort at pre- and post-referral time points.

To assess the internal validity of the PaNURAMA tool, we eval-
uated its accuracy in categorising children into Red, Amber and
Green categories. The Red risk stratification was not a focus of
this study, as the QP3T criteria were incorporated from a sepa-
rately validated study [4]. This study closely focused on deter-
mining the accuracy of the Amber stratification in identifying
children at risk of potential deterioration during transport.

Children classified as Amber were those who, throughout
transport, had an illness or injury with a provisional diagnosis
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to SCUH/QCH.
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Children requiring inter-hospital transfer must firstly be risk stratified according to their clinical condition and
requirement for critical care support and likely disposition using the Combined SCHHS Traffic light.

Children critically unwell or high risk of deterioration: ED SMO to be onsite and review child. These children need
Critical Care level co-ordination +/- Medically escorted retrieval and may need admission to SCUH Paediatric Critical
Care Unit (PCCU) or to QCH for admission to the Paediatric Intensive Care Unit (PICU).

Clinical co-ordination and possible refrieval is organised through an initial call to Retrieval Services Queensland (RSQ)
with co-ordination by the Paediatric Medical Co-ordinator (PMC) and teleconferencing with receiving specialists
including the SCUH PCCU consultants. NB - some time critical conditions in this category, e.g. extradural haematoma
may need to be transported by a local medical and nursing escort or SCUH PCCU retrieval team after consultation
and a collaborative decision with the PMC. See Appendix 1 for Retrieval Information reguirement

DETERMINE ESCORT

Children need transfer to SCUH/QCH, who are at risk of deterioration, but DO NOT meet RSQ criteria for retrieval.

They may need a nursing escort and will usually be a QAS transfer or rarely a private transfer which will be
determined by the PED SMO during a 3 or 4 way teleconferenced call (see below) if to SCUH OR by CATCH if to
QCH. These children should be discussed with the ED SMO at the referring facility prior to transfer

Stable children who are unlikely to deteriorate and who do not fall into Red or Amber transfer group but need transfer

Sunshine Coast

Hospital and Health Service

TRANSFER

Queensland
Government

FIGURE 1 | Risk stratification tool outlines the process for paediatric inter-hospital transfers to guide transfers where access is coordinated,
clinically prioritised, safe and patient-centric. CATCH, Children's Health Queensland Children's Advice and Transport Co-ordination Hub; ED,
Emergency Department; PCCU, Paediatric Critical Care Unit; PMC, Paediatric Medical Co-ordinator; QCH, Queensland Children's Hospital; RSQ,
Retrieval Services Queensland; SCUH, Sunshine Coast University Hospital; SMO, Senior Medical Officer.

and clinical findings suggesting a potential risk of deteriora-
tion without ongoing treatment, monitoring, and review. This
was verified by assessing their clinical status during the first
2h post-arrival at the receiving hospital to confirm whether
deterioration had occurred, or was likely to occur, during
transport.

The need for a nurse escort was defined as the presence of con-
ditions requiring urgent treatment, investigation and/or ongo-
ing nursing observation, during transfer, that were beyond the
scope of the Queensland Ambulance Service (QAS) treatment
and observation protocols (e.g., the need for ongoing intrave-
nous fluids using an infusion pump).

Additionally, the evaluation aimed to confirm that children risk
stratified as Green did not require higher-level consultation, ur-
gent treatment or consideration of a nurse escort.

Two de-identified datasets were created to evaluate the accuracy
of the PaNURAMA tool in predicting risk stratification and es-
cort requirements for paediatric IHTS.

2.2 | Dataset 1. Pre-Referral Risk Stratification
(Prediction)

A single expert clinician reviewer assessed de-identified pre-
referral data for each case. Using the PaNURAMA tool, the
reviewer assigned a risk stratification category (Red, Amber or
Green) and an escort type (Queensland Ambulance Service (QAS)
only; QAS with nurse; QAS with nurse and doctor or Retrieval
Service Queensland (RSQ); private car). These classifications
were based solely on the information available before transfer,
representing the predicted risk and escort requirements.

2.3 | Dataset 2. Transfer and Post-Arrival Review
(Clinical Outcome Based Stratification)

A second de-identified dataset of the identical cases to data-
set 1 was created incorporating additional data points from
the transfer period until 2h post-arrival at the receiving hos-
pital. Dataset 2 was reviewed by the same expert reviewer
who assigned risk stratification and escort type to dataset 1.
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Queensland Paediatric Transport Triage Tool: Trauma

Use this tool developed by Children's Advice and Transport Coordination Hub (CATCH) and Retrieval Services Queensland (RSQ) to help you
identify children who are likely to need critical care support and inter-hospital transfer.

Does the child have
physiological trigger?

Is the child critically unwell or
at high risk of deterioration?

)

e

Contact RSQ
1300 799 127

2

Physiological triggers indicative of a critically unwell child

AT LEAST ONE of the following

Less than 2weeks of age | [ Less than 1 year of age
«RR €20 or» 50/min

+5p02 ¢ 95% in room air

+RR €40 01> 6o/min
+5p02 « 95% in room air

~SBPN/A «SBP ¢ 60 mmhg
«HR (100 07 170 ~HR<90 012 170
+GCSALOC 6 ALOK

Age V8 yoars
R €20 or> 35/ min
+5p02 ¢ 95% in room air
« 58P < 70 mmhg.
<HR (75 0r) 130

+GES ALOC

Less than 9-15 years
« R ¢ 15 0r » 25/min

* 5902 ¢ 95% in room air

OR total CEWT2 6

Children who are critically unwell or at high risk of deterioration

Specific injury tnggers
* spinal cord injury o suspected with motor or

Mecharsm of mjury triggers

> 3 meters

CALLRSQ 1

MEDICAL (NON TRAUMA)

300 799 127

RETRIEVA

Queensland Paediatric Transport Triage Tool: Medical (non-trauma)

Use this tool developed by Children's Advice and Transport Coordination Hub (CATCH) and Retrieval Services Queensland (RSQ) to help you

identify children who are likely to need critical care support and inter-hospital transfer.

Does the child have = 1
physiological trigger?

AT LEAST ONE of the following:

Physiological triggers indicative of a critically unwell child

Lessthan tyemofage | [Apetayeans Age STy
e RR240
- “HRB0 0 160 “HR(700) 150
s 65 Prey 2
~5p02 7% incaygense | [ +Spo2c9y% inomygenorcass. | | -Spo2c93% incaypen or
C CES%in ae in ar Ca5% i ok
‘;‘:)'g;l‘;:j% Gcss 1 Gssn -GS u 68 n
ORotal CEWT 2 6
() I the child critically unwell or
; at high risk of deterioration? Children who are critically unwell or at high risk of deterioration
Airway Gastrointestinal Respiratory liness Neurslogica
-si
dingnona s uncerisin inpestion sisemse etacranial pressre 0CP)
supnamaystomctmnsits | | omptonescronin severe and nct rtabisy,vorting. tered

Contact RSQ

distess unabie o smation ~suspected V@ shont
semsory deficts  truck on head by falling object 3 mtres 1300799 127 i —— g
~any G roup requeing mose than , choking/ pstonction wit signs
Contact £5Q any C-spine fracture « motor veicle accident S anaes of netisised advenatine | | sobusaito e, or of ires 1P
= «flai chest ~>60 kms hour it amy of respratory stress)  mtracramal Naemomnage
1300 799 127 s  pedestrian impact angong sides sad modeste | | -signs ot acae fe.¢ epdun o subdur
] - eyclist
~ burms » 10% or airway bums/smoke inhalation ol -
L e e - ejected, rollover, prolonged extrication of fatality g of tangue loss, pertoration, acute of et ICP
+ muttiple long bone fractures in same vehicle - symptomate fowig body duction in harmogiobe < meningns wth any ot
fractured pelvis + high-speed collision (including train) inhalation espiratery dstess, | | <intussusception with signs of raised P
“Ier campasid fisclosnok ogan diclatafiia « motor bike accident » 30 kms/hr cyclist, scooter, EEEE T e S S despie cepgentherapy | | S L
« serious crush injury of limbs, torso o pelvis motorbike or quad bike p o ) o
4 : everts Seowes
amputation praximal to wrist or ankle horse related - all, kick - e Y coatiing desplte
- penetrating injury to head, meck, chest, abdomen, | | - explosion/blast injuries Systemic borcamirqapo. | medication and/or
pelvis, axita < attempted hangleg :
» B0s thesatoniog Injustes «reverse over injuries to head, chest, abdomen oo duvess 2 St
* suspected tractured pelvis  non-fatal drowning I surt/river OR with histoy/ pamr dsress g baaster chvoni g dsemses | | Geteroration (g, dagnasis
* significant anatomieal Injury to & single region or feature of injury spropomionste 1o clakal (e, cpstic Sbreis, racheostomy, | [ S0l T8 U of tanswerse mpeis,
two or more body regons including head. neck. | (. syl load to the head (e.g. diving injory) podnps Nocropanis, wadlmparmend GullanBare kel
chest, abdomen, pelvis, axilla
* handlebar injuries to abdomen
 positive pre-hospital FAST scan Cantac adecrine Mental heaith
Congenvial oracauired heart disease KA and  recent substance misuse wih
(e.g canfomyopathy, myocasdits) wih any ok | | -age fess than 8 years potentialfor dezenioration
e vess €715 continuing within st 2 hours | | during tanster
Are you otherwise concerned sy oo P71 continang ke st 2 o Guring tanste
about the child’s safety ford warn Sovan hoadiche srmesloniil o s
episode of stered level f comscousaess setecioration

Seek advice via onsite/local paediatric service o relevant surgical service/
(CATCH/TEMSU as per local practice. First point of call for inter-hospital
transfer is local paediatric service, Contact RSQ for aeromedical transfers.

e Contact RSQ

about the child's safety?

Contact RSQ 1300 799 127

>0
‘ Who do | call for advice

Child is critically unwell, rapidly deteriorating
or requiring time-critical care
Contact paedatric or crtical care service and other

Seek advice via onsite/local paediatric service/CATCH/TEMSU
as per local practice. First point of call for Inter-hospital transfer
is local paediatric service. Contact RSQ for aeromedical transfers.

1300 799127

[ Who do | call for advice

Child is eritically unwell, rapidly deteriorating
or requiring time-critical care

Contact paediatric or critical care service and other

specialists onsite or via RSQ on 1300 799 127 (24 hrs).

e v oflocal paediatric or

is acutely unwell, requires

Pt i g
+ Onsite/local paediatric or relevant surgical service

« Queensiand Children's Hospital experts via

nwell, req

@ Child is acutely
escalation of care
Follow local practices. Options:
* Oasite/local paediatric service

CATCH 00 13 CATCH (1322 82) (24 hrs) specialists onsite or via RSQ on 1300 799 127 (24 hrs) * Queensiand Chidren’s Hospital experts via
i . * Local and regional paediatric videoconference support . p -
 In the event of retrieval, inform your local paediatric service. via TEMSU on 1800 114 414 (24 hrs) CANICH an 13 CRNEN OR 2283) (16 )

* Local and regional paediatric videoconference support

* I the event of retrieval, isform your local paediatric service. via TEMSU on 1800 114 414 (24 hrs).

it Ak % Ak

a) Red stratification - Queensland Paediatric Transport Triage Tool (QP3T)™ criteria for children critically unwell
or high risk of deterioration

Queeastand
GCovemment

DETERMINE ESCORT TRANSFER
These children need a transfer to SCUH/QCH, are at risk of deterioration, but DO NOT meet RSQ criteria for
retrieval. The table below is a guide for escort not a rule and those criteria with a * may not need an escort if QAS
have a double crew assigned. If any instability in ABCD OR EWS/CEWT>86, call RSQ instead.
FOR SCUH TRANSFERS: Phone 52027872: ask for PEM SMO to set up a 3 or 4 way call with receiving team
(Paediatric SMO and Paed Reg OR just Surgical Reg).
« FORQCH RS: Call CATCH (132282) for
Medical [ Surgical / PSSU
Clinical Condition [ Escort | ciinical Condition Escort m STABLE NEEDING TRANSFER NON URGENT TRANSFER
Any child <3 months *Nurse for
support FOR SCUH TRANSFER! all accepting team SCUH Switch
Croup with no stridor need Paed QAS Mod-risk ENT no stridor, stable QAS t Nurse FOR QCH TRANSFERS: Call CATCH (132282
admit (e.9. moderate croup settled (e.g. quinsy, facial infections, (only if infusions) For ALL children who are being transferred:
after 2 adrenaline nebs) some lower bronchiole FB) - Full EWS/CEWT within 30 minutes of transfer.
Infection with no evidence of QAS # Nurse Mod-risk surgical - stable (known or QAS + Nurse - Communicate with family and give information
sepsis (e.g. PUO, febrile (onlyifinfusions) | suspected diagnosis) (e.g. (only if infusions) - Referring facility must complete the Paediatric IHT transfer form
neutropenia) (NB must give appendicitis, testicular torsion, pyloric - Notes transferred with the patient including PIHT form if local escort
antibiotics before transfer) stenosis, incarcerated hemia, - If patient deteriorates prior to transfer: child needs urgent senior doctor review and management as
suspected intussusception- stable required. Notify accepting team. Phone 52027872 and ask for PEM SMO and ask them to set up
but needs Ix) with referrer, and the receiving team
Moderate asthma or reactive airways | QAS Eye injury for urgent review QAS ho do not fall into or Amber transfer group but ne i
disease (must be 21hour post
Bronchiolitis (not on HFNC QAS + Nurse Limb threatening injuries for urgent QAs
therapy) (only if infusions) | review (if safe to do so, reduction
should be attempted prior to long
transfer)
Seizures (now resolved, GCS QAS £ Nurse Toxicological ingestions (stable QAS + Nurse
>13) (only if infusions) | and asymptomatic after (only if infusions)
discussion with poisons
i line)
DKA mild on SC insulin only Nurse for Head injury for Neuro obs/Ix stable QAS
(stable on pathway>2 hrs) monitoring BSL
Undertying cardiac, respiratory, “Consider Nurse for | Suspected envenomation (mild or QAS + Nurse
metabolic or neurological conditions | increased no symptoms) (only if infusions)
observations
Child with Behavioural disturbance *Consider Nurse for
support
b) Amber stratification c) Green stratification

FIGURE 2 | Detailed PANURAMA risk stratification tool outlining criteria for each stratification tier.

To minimise potential time-related bias, datasets were re-
viewed greater than 1 month apart and in a randomised order,
with randomisation performed independently by the study

statistician (NW). To ensure blinding, results of the first re-
view were not available at the time of reviewing the second
dataset. The expert reviewer reassessed each case using the
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PaNURAMA tool, again assigning a risk stratification cate-
gory and escort type based on the actual clinical trajectory
during and after transfer.

The accuracy of the PANURAMA tool was determined by com-
paring the predicted stratifications from dataset 1 with the ret-
rospective classifications of dataset 2, assessing how well the
tool anticipated which children were at risk of deterioration and
required additional support during transfer.

2.4 | Data Collection

A sample size of 150-200 cases was planned to ensure adequate
statistical power. Specifically, having at least 75 Amber and 75
Green cases provided 80% power to estimate an expected sen-
sitivity of 80% (lower confidence limit=67%) and specificity of
75% (lower confidence level =61%), at the 5% level of statistical
significance. Sample size considerations were based on an exact
binomial test, assuming a null hypothesis of 50% sensitivity and
specificity.

All children transferred into the Sunshine Coast University
Hospital during the period of September 2019 to August 2020
according to iEMR, EDIS and ambulance data records were
identified. Research Randomizer [25] was used to determine 175
children for inclusion to ensure adequate power according to
the sample size calculation. Randomisation occurred until the
number of 175 was reached. A research assistant reviewed the
identified children's medical charts and extracted data variables
including clinical history, examination findings, vital signs and
diagnostic data according to predefined forms, creating datasets
land 2.

The risk stratification and escort type classifications assigned
by the expert reviewer for each case across both datasets 1 and 2
were entered into REDCap for analysis.

2.5 | Data Analysis

The analysis compared responses based on information avail-
able at time of referral (dataset 1) versus post-transfer (dataset
2). Intra-rater reliability for each tool item was summarised de-
scriptively by overall percentage agreement and the unweighted
kappa statistic. The overall percentage agreement was calcu-
lated for each risk stratification category, conditional on the re-
sponse recorded prior to referral (e.g., the percentage of cases
initially classified as Amber that remained Amber after dataset
2 review).

All analyses were completed in R version 4.4.1 using the ti-
dyverse package for data processing, the irr and psych packages
for reliability analysis and the ImerTest package for logistic re-
gression analysis.

3 | Results

Of the 175 paediatric IHT randomised for chart review, 17 were
excluded after chart review and data extraction due to missing

medical record data, resulting in a total of 158 cases included in
dataset 1 and dataset 2 (Figure 3).

In dataset 1 (pre-referral risk stratification), 108 children (68.4%)
were classified as Amber, of whom 28 (26%) required an escort
for transfer. Stratification was Red for 16 (10.1%) children and
34 (21.5%) were Green (see Figure 3) The breakdown of escort
types assigned to Amber and Red risk group is shown in Table 1.
Green transfers were those not requiring consult or a nursing
escort.

Table 2 presents the observed agreement of risk stratification
and escort requirements between Dataset 1 (pre-referral clas-
sification) and Dataset 2 (clinical outcome-based classification
after transfer and post-arrival review). Differences were observed
across all three risk stratification categories. The overall observed
agreement for risk stratification was 94%. By risk category, agree-
ment ranged from 62% for Red stratification to 98% for Amber.
The unweighted Kappa statistic for comparing intra-rater reliabil-
ity between the two assessment points was 0.83 (95% confidence
interval 0.74 to 0.92), indicating strong overall agreement in risk
stratification at pre-transfer versus during and post-transfer.

For escort allocation, observed agreement showed a specificity of
97% for true negative (i.e., children classified in dataset 1 as not
requiring an escort and confirmed in dataset 2 as retrospectively
confirmed as not requiring one during transfer) and a specificity
of 82% for true positive cases (i.e., children classified in dataset 1
as requiring an escort and retrospectively confirmed in dataset 2
as needing one during transfer). In-depth case review and expert
examination of discordant cases (Table 3) indicated that changes
in risk stratification and escort requirements were clinically ap-
propriate. These changes were primarily due to improvements
in clinical condition following treatments (e.g., fluids, oxygen,
bronchodilators) or the availability of additional examination
findings or investigations after referral, which influenced risk
stratification and, in some cases, the provisional diagnosis.

4 | Discussion

The PaNURAMA tool demonstrated strong performance (98%) in
identifying children that benefited from additional consultation,

175 charts
randomly
selected

Excluded Included

n=158 (90.3%)

n=17 (9.7%)

Red
n=16 (10.1%)

Green

n=34 (24.5%)

FIGURE 3 | Risk stratification allocation results for dataset 1.
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TABLE 1 | Escortrequirements for Amber and Red cases based on risk stratification pre-referral.

Risk stratification Escort type Cases reviewed No escort required Escort required
Amber QAS only 78 77 1
QAS and nurse 27 0 27
Private car 3 3 0
Red QAS and nurse 1 0 1
QAS, nurse and doctor or RSQ 15 0 15

Abbreviations: QAS, Queensland Ambulance Service; RSQ, Retrieval Service Queensland.

TABLE 2 | Observed agreement for escort requirement and risk
stratification pre- and post-transfer.

Pre-referral Post-transfer Comparison

Escort No Yes Pre-post
required agreement
No 111 3 111/114 (97%)
Yes 8 36 36/44 (82%)
Risk Green  Amber Red Pre-post
stratification agreement
Green 32 2 0 32/34 (94%)
Amber 1 106 1 106/108 (98%)
Red 1 5 10 10/16 (62%)

Note: Rows provide escort requirement and stratification outcome based

on clinical information available to clinicians at the time of IHT referral;
columns provide escort requirement and stratification results based on clinical
information available after IHT completion.

management and need for escort when applied rigorously by a sin-
gle expert reviewer. The Green risk stratification effectively cap-
tured children who did not require senior consultation and were
safe to transfer unescorted, thus optimising resource allocations
and reducing the burden on the Emergency Department at the re-
ferring facility, a known concern identified in the literature [26].

A key strength of the PaNURAMA tools is its inclusion of both
condition-based criteria and an observation criterion, such as a
CEWT score >4, regardless of the condition. This broader ap-
proach to risk stratification supports the early identification of
children at risk of clinical deterioration, a process supported by
the literature [22-24]. While early warning scores alone have
moderate predictive power, particularly for younger or more
acutely ill children, the integration of a CEWT score into the
PaNURAMA enhances its capacity to detect potential adverse
events, especially during the early stages of illness or injury.
This modification intended to strengthen the tools effectiveness
in guiding consultation and transfer decisions.

In this study, PaNURAMA successfully identified patients re-
quiring more intensive monitoring or intervention, particularly
those with respiratory conditions, requiring oxygen and those
with complex chronic conditions. This aligns with existing lit-
erature, which suggests that these children are a higher risk of
early deterioration both in hospital and during transport [17, 27].
Furthermore, the tool demonstrated that, in complex cases, an

upgrade in risk stratification was often necessary, highlighting
the tool's flexibility and ability to capture dynamic changes in
the clinical status of patients.

The Red criteria in our study had a lower specificity (62%)
compared to Slater and colleagues who reported a high sensi-
tivity and specificity for identifying ‘critical cases’ [4]. In our
study, some patients initially met Red criteria, but delays and
subsequent stabilisation shifted them to Amber. Similarly,
Slater et al. [4] reported only 84% of children needing retrieval
co-ordination were transported with a retrieval team after
stabilisation and only 60% of them were admitted to ICU.
Anecdotally, team members noted children often improve
upon retrieval team arrival, supporting the dynamic nature
of the tool. Ongoing reassessment and re-consultation using
PaNURAMA could help to safely reallocate resources as
needed. The dynamic paediatric IHT risk stratification tool,
PaNURAMA, focuses on assessing ongoing risk and deter-
mining the appropriate level of care, especially in non-critical
cases compared to the QP3T tool, which serves as a triage tool
to quickly assess cases that are critical or acute to allow prior-
itisation of care.

When evaluating escort requirements, PaNURAMA per-
formed well with 97% agreement in identifying cases where a
nurse escort would not add value. This is an important finding,
as the literature on necessity of nurse escorts during paediatric
IHTs is limited, leading to ambiguity and overuse of this pre-
cious resource [28]. The PaNURAMA tool helps to address this
issue by providing clear guidelines for when a nurse escort is
necessary, thereby optimising resource utilisation. The tool's
guidance on when an escort is not required can reduce unnec-
essary resource consumption and the burden on healthcare
teams. This study contributes to the growing body of literature
that emphasises the importance of senior medical and nurs-
ing leadership in determining escort necessity [28, 29]. It also
highlights the need for developing standardised protocols and
educating staff on using tools like PaNURAMA to enhance the
safety and quality of paediatric IHTs. As previous studies have
suggested, these measures are critical for mitigating adverse
events and patient deterioration during transport [26, 30].

The validation of the nurse escort criteria in this study, includ-
ing tool refinements based on case analysis, provides more ro-
bust guidelines for determining when a nurse escort is required.
These guidelines will help to ensure that resources are allocated
efficiently, reducing unnecessary interventions and improving
overall patient care during paediatric IHTSs.
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TABLE3 |

Deep dive into risk stratification cases of difference.

Risk stratification

Pre-referral

Post-transfer

Case

Reason

Improved in clinical condition with treatment
(respiratory rate reduced out of RED range)

Improved in clinical condition with
treatment (heart rate reduced from
193 to 157 after 10mL/kg bolus)

Improvement in clinical condition
with treatment (heart rate improved
with time) allowing change in risk

Improvement in clinical condition with
treatment (heart rate reduced into normal range)

Further information allowed
change in risk stratification

Red Amber 2years 10 months old with
viral induced wheeze
Red Amber 14months old with febrile
illness covered for sepsis

Red Amber 2years old viral induced wheeze
Red Amber 12years old with asthma
Red Green 12years old with a penetrating injury to

groin meeting the trauma RED criteria
Amber Green 2years old 10 month pain in ear
Amber Red 4years old viral induced wheeze
Green Amber 3yearsold limp
Green Amber 9years old with abnormal sensation

Post CT and local exploration found to be only
a superficial wound therefore downgraded

Further information changed risk
stratification. Initially thought to be mastoiditis
but further examination and clinical
improvement made diagnosis unlikely

Deterioration in clinical condition while
awaiting arrival of ambulance. Escalated
to team appropriately but upgraded risk

Further information changed risk
stratification. Initially thought to be due to
fall but further information and investigations
changed to likely osteomyelitis

Further information changed risk as condition

progressed. Initially thought to be behavioural

but then with further new symptoms thought
to be likely encephalitis (changing the risk)

4.1 | Limitations

The PaNURAMA tool was validated by investigators who were
involved in its development across a single district and therefore
the generalisability of results is limited. Further validation with
an independent and diverse population would strengthen out-
comes. Finally, acommon limitation in validating triage tools is
the absence of gold standards for comparison [4]. Additionally,
while intra-rater reliability was assessed, inter-rater reliability
was not evaluated. This limits our understanding of how consis-
tently the tool may be applied by different clinicians in practice.
Future studies should assess inter-rater reliability in real-time
clinical settings to determine the tool's reproducibility and us-
ability among a broader clinician cohort.

5 | Conclusion

The PANURAMA tool can guide clinicians during a paediatric
IHT to appropriately risk stratify the level of consultation, man-
agement and escort requirements for children who need IHT.

Criteria guiding critical care consult matched the sensitivity of
previous studies, while PaNURAMA's dynamic application al-
lowed for appropriate review as clinical conditions improved.
This dynamic use could be explored further for guiding escala-
tion and de-escalation. Further studies across other population
groups and hospital and health service districts would add to the
evidence in this area.
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