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Abstract

Background: Trauma is the most common cause of death and disability in the

paediatric population. There are a huge number of variables involved in the care they

receive from health care professionals.

Aim: The aim of this study was to review the available evidence of initial paediatric

trauma care throughout the health care process with a view to create quality indica-

tors (QIs).

Study Design: A systematic review was performed from Cochrane Library, Medline,

Scopus and SciELO between 2010 and 2020. Studies and guidelines that examined

quality or suggested QI were included. Indicators were classified by health care setting,

Donabedian's model, risk of bias and the quality of the publication with the Grading of

Recommendations, Assessment, Development and Evaluations (GRADE) assessment.

Results: The initial search included 686 articles, which were reduced to 22, with 15 pri-

mary and 7 secondary research articles. The snowball sampling technique was used to

add a further seven guidelines and two articles. From these, 534 possible indicators

were extracted, summarizing them into 39 and grouping the prehospital care indicators

as structure (N = 5), process (N = 12) and outcome (N = 3) indicators and the hospital

care indicators as structure (N = 4), process (N = 10) and outcome (N = 6) indicators.

Most of the QIs have been extracted from US studies. They are multidisciplinary and in

some cases are based on an adaptation of the QIs of adult trauma care.

Conclusions: There was a clear gap and large variability between the indicators, as

well as low-quality evidence. Future studies will validate indicators using the Delphi

method.

Relevance to Clinical Practice: Design a QI framework that may be used by the health

system throughout the process. Indicators framework will get nurses, to assess the

quality of health care, detect deficient areas and implement improvement measures.
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1 | BACKGROUND

Paediatric trauma represents one of the biggest challenges in health

care and it constitutes the main cause of mortality and morbidity

among children (28% of all deaths in the 1–14 age group1,2). In the

United States, more than 10 million children (1 in every 6) are injured

and require health care emergency services, with 10 000 deaths

because of severe injuries each year.3,4 In Europe, an average of 9 mil-

lion children under the age of 15 (1 in every 10) end up in hospital for

treatment of injuries from external causes, with 3000 of deaths each

year. These events make up 22% of treated injuries, although the pae-

diatric population only represents around 16% of the entire popula-

tion.1 During 2020, the mortality rate in Spain related to traumatic

injuries of persons under the age of 19 years old was 18.64 in every

100 000.5

Paediatric trauma is bodily damage suffered by a child as a result

of the transfer of energy produced in an accident. Trauma affects one

or several organs or systems with enough force to put the child's life

in danger or leave them with lasting consequences.6 In response to

caring for paediatric trauma patients, various paediatric trauma sys-

tems have arisen.2

In the trauma patient health care process, several units, ser-

vices and professionals work together to provide a level of care

that should ensure the continuity of care from the ‘street’ to the

paediatric intensive care unit (PICU). Prehospital care is the first

link in the chain and should consist of an emergency service, which

is specially trained to provide immediate care, identify the severity

of injuries, begin treatment and provide quick and efficient trans-

port to the most appropriate health care facility. We then move

immediately onto the hospital care stage, in which there is a quali-

fied team and comprehensive programme geared towards paediat-

ric trauma. These units have several human and material resources,

as well as specialized training programmes, activity registers, multi-

disciplinary clinical sessions, morbidity and mortality sessions, con-

tinued protocol updates and ongoing development of research

programmes.6,7

It is important to highlight that time plays an enormous role in

multi-trauma patient prognosis, and consequently, in their quality of

care. Therefore, initial paediatric trauma care must be quick, organized

and efficient. It should be understood as a continuum that begins by

adopting protection measures in line with the primary survey, which

aims to detect and remedy life-threatening issues. The following step

is a secondary survey, and later, the patient categorization, stabiliza-

tion and transfer to an appropriate health care facility, as well as the

definitive care steps that will be taken. There is continual reassess-

ment throughout the entire process.2,3

Quality of care should be ensured throughout this process,

meaning the degree to which individual and community health

services increase the chances of desired health outcomes and are

consistent with current professional knowledge.8,9 Our study

focuses on assessing quality improvement, which consists of a

method for improving care by monitoring diagnostic elements,

treatment and outcomes.9,10 We will use quality indicators (QIs) as

a research tool. QIs are based on standards of care, which are

either found in the research literature and in statements of profes-

sional medical organizations or determined by an expert panel.

Consequently, they should be a valid, sensitive and specific quanti-

tative measure. According to Avedis Donabedian's model, these

indicators can be grouped into three elements for analysis to

improve the quality of a health system: structure, process and

outcome.9

What is known about the topic

• In Europe, an average of 9 million children under the age

of 15 end up in hospital for treatment of injuries from

external causes, with 3000 of them passing away

each year.

• The initial paediatric trauma care must be quick, orga-

nized and efficient because the first 30 min after an acci-

dent are crucial, and the patient's outlook depends on the

care they receive at this time. Quality of care should be

ensured throughout this process.

• Indicators are a valid, sensitive and specific quantitative

quality measure, which can be grouped—according to

Avedis Donabedian's model—into three elements: struc-

ture, process and outcome.

What this paper adds

• There is a gap and large variability when it comes to qual-

ity assessment of the initial paediatric trauma care.

• A framework of 39 indicators was created to allow the

analysis of the initial paediatric trauma care process from

an integral perspective throughout the health care pro-

cess, suggesting a future validation of the indicators using

scientific consensus with the Delphi method.

• These quality indicators will allow the assessment of the

quality of health care: detecting deficient areas, imple-

menting new measures and assessing their impact with

the primary aim of improving the quality of paediat-

ric care.
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2 | AIM

This study reviewed the evidence with a view to create indicators for

the quality of initial paediatric trauma care throughout the whole

health care process.

3 | METHODS

In the first phase, to obtain primary sources from which to take the

indicators for the quality analysis, we carried out a systematic review,

following the structure of an umbrella review proposed by the Joanna

Briggs Institute, checking the final report with the PRISMA 2020

statement standards.

We used the research question ‘What are the best indicators

for assessing quality of care in initial paediatric trauma care in

multi-trauma paediatric patients?’ searching in the Cochrane

Library, Medline, Scopus and SciELO databases for articles related

to the conceptual groups in Table 1, which were published

between 2010 and 2020 and written in either English or Spanish.

The gap between review dates is justified by the lack of existing

literature in the field of paediatric trauma quality noted by previ-

ous report.11

For the inclusion criteria, we took studies that examined quality

or suggested indicators, official documents from prestigious organiza-

tions, training handbooks and clinical practice guidelines (CPGs)

endorsed for their scientific evidence and rigour, investigations with a

quantitative or mixed focus on quality and systematic reviews or

meta-analyses, which dealt with the topic of study. Grey literature

was excluded, as well as studies based solely on adult care and

nonevidence-based CPGs. Developing countries were also excluded,

because of particularities of their health systems, as well as socio-

economic characteristics that would not make the indicators extrapo-

latable to our environment.12

In the second phase, a reviewer carried out a critical reading of

the articles, extracting indicators and assessing their quality using the

Grading of Recommendations, Assessment, Development and Evalua-

tions (GRADE) approach.13 The risk of bias was evaluated using the

Cochrane collaboration bias assessment tool, version 5.1.0 (for scien-

tific papers14), the AGREE-II instrument (for CPGs and reference doc-

uments) and the AGREE-HS (Health Systems tool for trauma care

facility certification criteria or quality standards15). When indicators

were not clearly defined in the article, the review team described the

indicator based on the other available data.

The other two blind reviewers were tasked with evaluating the

indicators, observing how they were adapted to clinical practice and

grouping them according to both settings (prehospital care, hospital

care or both) and Donabedian's model (structure, process or outcome).

The reviewers compared both groups and the initial reviewer who

resolved any disagreements.

Once the indicators were collected and grouped, a database

was developed, in which the first reviewer then did a second read-

ing and ‘tagging’ to bring together the different headings into a

single category. This created the final set of indicators based on

summarizing the results obtained from the evidence. Finally, these

indicators were reviewed once again independently by the two

other authors, this time focusing attention on writing style, the

explanation files created (see Appendix A) and their proper

classification.

4 | RESULTS

Out of 686 articles identified, 545 remained after applying language

and date inclusion criteria. Upon reading the abstracts and applying

the inclusion and exclusion criteria, 23 were deemed eligible, 445 as

ineligible and 77 were questionable. Of these 77, 10 more were con-

sidered to be eligible (see Figure 1). The main reasons for exclusion

were: not including paediatric multiple trauma patients, not assessing

quality and not including indicators or recommendations for improve-

ment. In the end, seven duplicates were removed and after consulting

their references, a further two were added, as well as seven reference

handbooks on the topic.

Of this total of 31, we calculated the risk of bias for 17 articles

with the Cochrane tool (14 with a low risk and 3 with a high risk),

4 were analysed using the AGREE-II tool, 3 using AGREE-HS and

7 could not be determined because of the lack of tools to assess some

of the methods. The majority of articles were published in 2019 (25%,

N = 17) in the United States (54%, N = 15) and in the form of obser-

vational analysis studies (39%, N = 17; see Appendix B: Table B1 for

further details).

TABLE 1 PubMed search criteria.

Concepts Search terms

Paediatric ‘child’ [MeSH Terms] OR ‘child*’ [Title/Abstract] OR

‘Kid’ [Title/Abstract] OR ‘Baby’ [Title/Abstract]
OR ‘Babies’ [Title/Abstract] OR ‘infant’ [MeSH

Terms] OR ‘infant*’ [Title/Abstract] OR

‘adolescent’ [MeSH Terms] OR ‘adolescen*’
[Title/Abstract] OR ‘teen*’ [Title/Abstract] OR

‘pediatrics’ [MeSH Terms] OR ‘pediatr*’ [Title/
Abstract] OR ‘paediatr*’ [Title/Abstract]

Trauma life

support

‘Advanced Trauma Life Support’ [Title/Abstract] OR

‘ATLS’ [Title/Abstract] OR ‘Trauma Life Support’
[Title/Abstract] OR ‘TLS’ [Title/Abstract] OR

‘Prehospital Trauma Life Support’ [Title/Abstract]
OR ‘PHTLS’ [Title/Abstract] OR ‘International
Trauma Life Support’ [Title/Abstract] OR ‘ITLS’
[Title/Abstract] OR ‘advanced trauma life support

care’ [MeSH Terms] OR ‘trauma centers’ [MeSH

Terms]

Quality ‘quality improvement’ [MeSH Terms] OR

‘performance improvement’ [Title/Abstract] OR

‘indicator*’ [Title/Abstract] OR ‘benchmark*’
[Title/Abstract] OR ‘employee performance

appraisal’ [MeSH Terms] OR ‘quality indicators,

health care’ [MeSH Terms] OR ‘benchmarking’
[MeSH Terms]
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From the article review, 543 indicators were extracted, grouped

as follows: prehospital care (N = 87), hospital care (N = 286), both

prehospital and hospital (N = 170). Following Donabedian's model:

‘structure’ (N = 110), ‘process’ (N = 342) and ‘outcome’ (N = 91).

And finally, as per the GRADE scale: 213 as ‘very low’ quality, 235 as

‘low’ and 95 as ‘moderate’. Within the prehospital care indicators,

17 were identified as structure, 202 as process and 28 as outcome.

They were reduced to 5, 12 and 3, respectively, detailed in Table 2.

Among hospital care indicators, there were 105 for structure, 270 for

process and 81 for outcome, reducing to 4, 10 and 5, respectively,

detailed in Table 3.

In summary, of the 31 initial articles, 28 contained primary

indicators that allowed us to develop 39 indicators after a process of

selection, synthesis and filtering.

5 | DISCUSSION

According to the most reliable evidence available, there is a gap and

large variability when it comes to quality assessment of the initial pae-

diatric trauma care. Regarding investigative quality, there were several

descriptive and observational studies with varying sample sizes. As for

the systematic reviews, the majority of articles contained a great deal

of information, however, they also lacked both a risk of bias analysis

and an indicator quality assessment. One positive aspect regarding

the quality of the literature was that most publications were sup-

ported by influential scientific societies, which led to solid consensus

on the indicators included in this study.

Regarding the usefulness of some of the indicators, there were a

few discrepancies: mortality as a sole indicator to predict performance

F IGURE 1 Article selection process.

4 BUCK SAINZ-ROZAS ET AL.
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in other aspects, prehospital management of airway compromise com-

paring endotracheal intubation versus bag–valve–mask ventilation or

staff training and education as a positive aspect when establishing

QIs. Nevertheless, there were, more importantly, convergence points

found in the articles, such as those regarding the use of immobilization

techniques or the importance of documentation and writing reports.

Many indicators used time as a tool to measure quality, by monitoring

TABLE 2 Prehospital care indicators.

Code

Prehospital care structure indicators (PS)

PS1 Hours of training in paediatric trauma undertaken by

professionals in the prehospital care team.

PS2 Mobile units with the established necessary equipment

to attend paediatric emergencies (of adequate size,

organized, tested, not shared and strategically stored).

PS3 Number of professionals who consult the service's initial

paediatric trauma care protocol.

PS4 Cases entered into the paediatric trauma register out of

total paediatric trauma cases.

PS5 Transfers to the best equipped location for the patient

according to service protocol.

Prehospital care process indicators (PP)

PP1 Prehospital endotracheal intubations (ETIs) performed

on patients meeting ETI criteria (A).

PP2 Ventilation with bag–valve–mask without ETI performed

on patients meeting ETI criteria (B).

PP3 Life-threatening injuries detected during the primary

survey, without equipment beyond monitoring (B).

PP4 Patients for whom two venous (or intraosseous)

accesses have been achieved (C).

PP5 Complete prehospital care report in which all of the

fields established by the service are filled out.

PP6 The prehospital care report includes the calculation of a

level of consciousness scale (GCS, pGCS or AVPU)

alongside a trauma score system (ISS, RTS, PRISM,

TRISS or PTS).

PP7 Complete monitoring of the patient (RR, HR, SpO2, ECG,

BP and ETCO2).

PP8 Patients who become hypothermic (less than or equal to

32�C) during prehospital transport.

PP9 Patients fitted with a cervical collar and head

immobilizer because of a suspected cervical spine

injury.

PP10 Immobilized patients with a spinal board with an

occipital recess or with two elevations (2.5 cm) to

support the head and back.

PP11 Prearrival notification (prewarning by the prehospital

care service in 10 ± 2 min before arriving at the

hospital).

PP12 Arrival time (isochronous) of the out-of-hospital services

at the scene of the incident after notification.

Prehospital care outcome indicators (PO)

PO1 Mortality adjusted to PTS.

PO2 Diagnostic correlation between prehospital care report

and the emergency department discharge summary.

PO3 User and family satisfaction (satisfaction survey).

Abbreviations: AVPU, awake, verbal, pain, unresponsive; BP, blood

pressure; ECG, electrocardiogram; ETCO2, capnogram; ETI, endotracheal

intubation; GCS, Glasgow Coma Scale; HR, heart rate; ICU, intensive care

unit; ISS, Injury Severity Score; pGCS, Paediatric Glasgow Coma Scale;

PRISM, Paediatric Risk of Mortality Score; PTS, Paediatric Trauma Score;

RR, respiratory rate; RTS, Revised Trauma Score; SpO2, oxygen saturation;

TRISS, Trauma Injury Severity Score.

TABLE 3 Hospital care indicators.

Code

Hospital care structure indicators (HS)

HS1 Hours of training in paediatric trauma undertaken by

professionals in the hospital care team.

HS2 Trauma bay at the emergency department with the

established necessary equipment to attend paediatric

emergencies (of adequate size, organized, tested, not

shared and strategically stored).

HS3 Number of professionals who consult the department's

IPTC protocol.

HS4 Cases entered into the paediatric trauma register out of

total paediatric trauma cases.

Hospital care process indicators (HP)

HP1 Time between arrival and massive transfusion

administration.

HP2 Time between arriving and performing a CT scan in

patients with TBI and a Glasgow score <13.

HP3 Underestimation of severity in hospital triage.

HP4 Overestimation of severity in hospital triage.

HP5 Complete discharge summary from the emergency

department in which all of the fields established by

the department are filled out.

HP6 The discharge summary from the emergency department

includes the calculation of the level of consciousness

(e.g., the GCS) scale alongside a trauma score system

(ISS, RTS, PRISM, TRISS or PTS).

HP7 Time between arrival and entering the operating theatre.

HP8 Complete monitoring of the patient (RR, HR, SpO2, ECG,

BP and ETCO2).

HP9 Time between arrival and admission to the ICU.

HP10 Time between arrival and secondary transport to

another health care facility.

Hospital care outcome indicators (HO)

HO1 Mortality adjusted to PTS.

HO2 Length of stay adjusted to PTS.

HO3 User and family satisfaction (satisfaction survey).

HO4 Length of stay in the ICU.

HO5 Readmission of the patient to the emergency

department.

Abbreviations: BP, blood pressure; CT scan, computed tomographic scan;

ECG, electrocardiogram; ETCO2, capnogram; GCS, Glasgow Coma Scale;

HR, heart rate; ICU, intensive care unit; ISS, Injury Severity Score; PRISM,

Paediatric Risk of Mortality Score; PTS, Paediatric Trauma Score; RR,

respiratory rate; RTS, Revised Trauma Score; SpO2, oxygen saturation;

TBI, traumatic brain injury; TRISS, Trauma Injury Severity Score.
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the mean process duration time (more exploratory) or the percentage

of processes that use a fixed period of time (easier to interpret7,11,16).

There were some difficulties when establishing indicators regard-

ing paediatric supplies and staffing in paediatric trauma care teams as

the recommendations refer to the US model of Paediatric Trauma

Centres (PTCs3,17). There was also an issue regarding the lack of effec-

tiveness when analysing certain indicators, such as errors, the assess-

ment of techniques or interventions that do not appear in the reports

or the very specific indicators that focus on a specific type of condi-

tion. However, indicators related to long-term functional outcomes

had to be excluded from our indicator framework, as it is very com-

plex to calculate them. There was also variation when objectively ana-

lysing trauma severity using scaled trauma severity indices. In our

case, we recommend the Paediatric Trauma Score (PTS) by Tepas

et al.18 for the investigation settings, as it was one of the most utilized

during categorization. Other indicators required defined clinical cri-

teria in order to be assessed, such as suspected cervical spine injury

or the need for a massive blood transfusion or endotracheal intuba-

tion. In the future, there should be an agreed set of common criteria

when calculating indicators.

It's important to emphasize that all the studies included in our

review analyse the quality of the techniques, care and competencies

used by the multidisciplinary team in initial paediatric trauma care.

Although they might be not nurse focused, all of these skills are part

of the nursing competency framework, reflecting their fundamental

role in maximizing quality in the management of the polytraumatized

child.

Finally, we found existing literature that also contained reviews of

QIs in trauma care, such as Stelfox et al.,11 who followed a rigorous

methodology, but many of the results were not operative. Pham

et al.19 did detail the indicators in greater depth, they were structured

in a confusing, less visual way. McCarthy et al.20 analysed trauma care

systems and other health outcomes in an appropriately structured

way, and the results were published with the prehospital and hospital

settings as separate aspects, as in our study. In the Spanish context,

we found the SEUP (2018) indicator guidelines. This source focused

on paediatric emergency services.16

5.1 | Limitations

Most of the analysed studies were carried out in the United States, a

context in which trauma care is more developed on a care level. For

this reason, further studies will be apt to test the validity of the indica-

tors in the context of other developed countries, equal to those coun-

tries that provided the most evidence for our study. There were also

no articles found that discussed quality assessment from the perspec-

tive of gender, nor any evaluating how family members are treated,

nor prevention methods: all of which would also be potential opportu-

nities for future study.

Many of the paediatric recommendations and indicators found in

the literature, although not treated together, were based on an adap-

tation of the QIs of trauma care in the adult population. Ideally, they

should have been developed through quality studies focusing exclu-

sively on the paediatric population. To minimize the problem, atten-

tion was paid to the differences of the paediatric patient in order to

encompass the paediatric care practice particularities in the indicators.

In the literature review, there may have been an article or indica-

tor that was missed, as well as subtleties that may have been lost dur-

ing translation. Regarding article quality, some articles lacked

sufficient methodological information, and the majority of them were

retrospective in nature. Despite being decided in blind review, the

methodology was based on the criteria and experience of the authors,

meaning that this process could not be completely objective. To offset

these issues, it would be interesting to use the Delphi method to vali-

date the indicators through expert consensus.

6 | RELEVANCE TO NURSING
MANAGEMENT AND CLINICAL PRACTICE

This study has created an indicator framework to be used, either in

part or in its entirety and by any interested person, to analyse the

quality of the initial trauma care in paediatrics. To make implementing

indicators into the auditing process easier, we have created explana-

tory tables that detail the formula, data sources, dimensions, term

explanations, etc. Using these indicators in quality analysis allows us

to measure the degree to which prehospital and hospital trauma care

teams apply collected evidence-based recommendations to, in the

majority of cases, trauma care protocols.

Indicators let us assess quality before and after applying any

interventions to study the effectiveness of the measure. Its applica-

tion, throughout the health care process, will make it possible to

detect deficiencies and areas to focus improvement efforts into, as

well as compare different trauma care systems in terms of quality of

care. This will not only make sharing information between health care

facilities possible but also research that goes beyond just one health

care facility, allowing for quality assessment on a community or even

state level.

The formulated indicators analyse the execution of care through-

out paediatric trauma care and depend entirely on its execution by

the nursing staff. The nurse, in his/her research role, is a suitable pro-

fessional to lead quality analysis and improvement projects, as he/she

is familiarized with the target patient and participates throughout the

entire care process.

In summary, establishing indicators is the first step in being able

to assess the quality of health care: detecting deficient areas, imple-

menting new measures and assessing their impact with the primary

aim of improving the quality of paediatric care.

7 | CONCLUSIONS

As a result of the review, selection, translation and composition pro-

cesses, we have created a framework of 39 indicators that allow for

analysis of the initial paediatric trauma care process from an integral

6 BUCK SAINZ-ROZAS ET AL.
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perspective throughout the health care process. This has allowed us

to reach our overall objective and confirm that there are appropriate

indicators to assess quality. During this process, we studied the most

frequently used indicators in quality assessment, the divergence

points and the common factors.

Regarding the methodology of the publications, the majority of

them were multicentre descriptive or analytical observational studies

with varying sample sizes. Handbooks and guidelines endorsed by

prestigious scientific organizations were also taken into consideration.

In terms of the validity and reliability of the indicators, we analysed

the risk of bias and the quality of the studies as much as possible.

Therefore, we suggest that future studies continue to explore the

validation of the indicators using scientific consensus both in prehos-

pital and hospital settings in line with the Delphi method, in order to

establish objective, valid and reliable indicators. We will be supported

in this process by existing multidisciplinary research networks belong-

ing to scientific societies related to paediatric trauma. As a result of

this process, it will be possible to adapt the indicators to our context

and the needs of the professionals who work with these patients on a

daily basis.
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APPENDIX A: SAMPLE OF THE EXPLANATION FILE ABOUT

ONE OF THE INDICATORS

PP6/HP6 Prehospital care report/discharge summary from the emergency department that includes the

calculation of the level of consciousness (e.g., the AVPU) scale alongside a trauma score system (ISS,

RTS, PRISM, TRISS or PTS).

Quality (GRADE) Moderate

Dimension Effectiveness, adaptation, risk, continuity.

Rationale The trauma scores that have been used for over 40 years are an extremely useful tool both in clinical

and investigative contexts. Anatomical scales are good at both measuring the severity of patient

injuries and predicting outcomes. Physiological scales measure the dynamic components after trauma,

with a huge impact on the prognosis of trauma patients.

Formula Reports on the Population� that include a

level of consciousness scaleþTSI
Total reports on the Population� �100

Explanation of terms The Glasgow Coma Scale (GCS) allows health care professionals in several settings and various levels of

training to communicate about the mental state of a patient. It has been shown to have a statistical

correlation with a wide range of adverse neurological outcomes, including brain lesions, the need to

brain surgery and mortality (Borgialli et al., 2016).

The Paediatric Glasgow Coma Scale (pGCS) allows health care professionals to obtain, track and

communicate the mental state and level of consciousness of preverbal children (<2 years of age,

although this can vary depending on the consulted literature) (Borgialli et al., 2016).

The AVPU Score is useful to rapidly grade a patient's gross level of consciousness: Awake, Verbal, Pain,

Unresponsive.

The Paediatric Trauma Score (PTS/ITP): This paediatric trauma assessment system is made up of six items:

three describing anatomical problems and the other three describing functional abnormalities. Each

component has a value assigned to it, and the score is the algebraic sum of each value. The prognosis

varies by the score, increasing in mortality as the PTS decreases to below 8 points.18

The Paediatric Risk of Mortality (PRISM) score was developed from the physiologic stability index (PSI) to

reduce the number of physiologic variables required for paediatric ICU (PICU) mortality risk

assessment. The resulting PRISM score consists of 14 routinely measured variables in all PICUs on

admission day. Data was assessed using logistic regression analysis, demonstrating excellent predictor

performance (area under the ROC curve = 0.92; Pollack et al., 1988).

Other adult-centred scales: the Injury Severity Score (ISS), the Revised Trauma Score (RTS) and the TRISS

(the Trauma and Injury Severity Score).

Population* Paediatric trauma patients

Type Process

Data source Prehospital care report/discharge summary from the emergency department

Standard 100%

References Borgialli DA, Mahajan P, Hoyle JD, et al. Performance of the pediatric Glasgow coma scale score in the

evaluation of children with blunt head trauma. Acad Emerg Med. 2016;23(8):878-884. doi:https://doi.

org/10.1111/acem.13014

Pollack MM, Ruttimann UE, Getson PR. Pediatric risk of mortality (PRISM) score. Crit Care Med. 1988;16

(11):1110-1116. doi:https://doi.org/10.1097/00003246-198811000-00006

Tepas JJ, Mollitt DL, Talbert JL, et al. The pediatric trauma score as a predictor of injury severity in the

injured child. J Pediatr Surg. 1987;22(1):14-18. doi:https://doi.org/10.1016/s0022-3468(87)80006-4

The asterisk completes the definition of ‘Population’. The formula includes the entire population, which in this case is ‘paediatric trauma patients’.
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APPENDIX B

TABLE B1 Description of the articles included in the review which included indicators.

Source Context Type Bias Objectives ST PR OU

Advanced training in trauma life

support for ambulance

crews21

Multicentre Cochrane

systematic

review

Low risk To compare mortality and morbidity outcomes

of victims of trauma treated by ambulance

crews with ALS training to outcomes of

those treated by crews without ALS training.

2 0 0

The effects of interactive

training … on the

management of

life-threatening

emergencies …22

Multicentre Cochrane

systematic

review

High risk To find out if health care workers who work in

hospitals and receive training where they can

interact with learning materials and other

workers give better health care during

emergency situations.

6 0 0

Triage tools for detecting

cervical spine injury in

pediatric trauma patients23

Multicentre Cochrane

systematic

review

Low risk To determine the diagnostic accuracy of the

NEXUS criteria and the Canadian C-spine

Rule in a paediatric population evaluated for

CSI following blunt trauma.

0 2 0

Spinal immobilisation for

trauma patients24
Multicentre Cochrane

systematic

review

High risk To compare different immobilization strategies

on trauma patients with suspected spinal

cord injury.

0 3 0

A Comparison of Quality

Improvement Practices at

Adult and Pediatric TCs25

USA

Canada

Australia

Prospective

observational

study

Low risk To compare quality improvement practices at

adult and paediatric trauma centres.

2 22 7

Association Between Prearrival

Notification and ATLS

Protocol Adherence26

WA-DC

USA

Prospective

observational

study

Low risk To analyse the association between prearrival

notification and ATLS protocol adherence.

0 2 0

Classification and team

response to nonroutine

events27

WA-DC

USA

Therapeutic study Low risk To identify errors of any type during paediatric

trauma resuscitation and evaluate team

responses to their occurrence.

0 2 0

Closed-Loop Communication

Improves Task Completion in

PTR28

NY

USA

Prospective

observational

study

Low risk To evaluate the ability of closed-loop

communication to improve time-to-task

completion in paediatric trauma activations.

0 2 0

Concordance of performance

metrics among US TCs caring

for injured children29

USA Retrospective

observational

study

Low risk To evaluate whether centre performance in one

area of quality predicted similar performance

in other areas of quality.

0 0 3

Failure to rescue as a center-

level metric in pediatric

trauma30

USA Retrospective

cohort study

Low risk To define the relationship between rates of

mortality, complications and failure-to-rescue

at centres caring for paediatric trauma

patients in the NTDB.

0 1 3

Identifying areas for

improvement in paediatric

trauma care in NSW

Australia31

NSW, Australia Retrospective

observational

study

Low risk To review paediatric trauma cases across the

most populous Australian State to identify

factors contributing to clinical incidents.

1 0 0

Impact of operative intervention

delay on pediatric trauma

outcomes32

USA Therapeutic case–
control study

Low risk To ascertain whether timing of craniotomy, ICP

monitoring for traumatic brain injury and

abdominal operation for solid organ injury

correlates with other quality indicators.

0 3 0

Paediatric trauma systems and

their impact on the health

outcomes …20

Multicentre Integrative review Indet. To review the processes of care and describe

the impacts of a regionalized trauma system

on the outcomes of severely injured children.

0 5 1

Calidad asistencial en la AITP33 Valencia, Spain Retrospective

cohort study

High risk Assess a paediatric trauma training programme

on the quality of paediatric trauma care.

0 5 0

Simulation-based training is

associated with lower

risk-adjusted mortality …34

USA Therapeutic

cross-sectional

study

Low risk To determine if the use of simulation-based

training for trauma resuscitation (using a

survey) is associated with improved

performance (using clinical data from the

ACS TQIP registry).

1 8 1
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TABLE B1 (Continued)

Source Context Type Bias Objectives ST PR OU

Trauma Nurse Leads in a Level I

Trauma Center …35

SC

USA

Retrospective

observational

study

Low risk To assess a Trauma Nurse Lead programme to

allow for consistent, expert clinical nursing

care across the trauma continuum.

1 6 3

Pediatric System Performance

Improvement36
USA Panel of experts Indet. To develop performance measures in paediatric

emergency care.

8 2 0

Predictors of mortality in

pediatric trauma37
Miami, USA Therapeutic

cross-sectional

study

Low risk To compare the predictive value of the ICISS to

expert consensus-derived scoring systems

for trauma mortality in a paediatric

population.

0 2 0

Readmission of trauma patients

in a non-academic Level II

TC38

ND, USA Retrospective

observational

study

Low risk To determine the rate, cause and preventability

for readmission and to identify predictors of

readmission in a non-academic trauma

centre.

0 0 1

A systematic review of quality

indicators for evaluating

PTC11

Multicentre Integrative review Indet. To systematically review the literature on

quality indicators for evaluating paediatric

trauma care.

6 85 40

Quality care in pediatric

trauma19
Multicentre Integrative review Indet. To identify key quality indicators for all phases

of care in paediatric trauma.

1 7 10

Resources for Optimal Care of

the Injured Patient17
USA Certification

guide

Yes, with

mods.a
Develop and certify a paediatric trauma care

system (specific chapter).

41 1 2

Guidelines for trauma quality

improvement programmes7
Worldwide Recommendation

guide

Yes, with

mods.a
Focus on the ways in which medical care

institutions can implement quality

improvement programmes aimed at

strengthening care.

2 19 8

Indicadores de calidad SEUP16 Spain Indicator guide Yesa Provide all sectors involved in caring for

children with urgent pathologies with a way

of analysing the adaptability of care.

12 26 9

Soporte Vital Avanzado en

Trauma3
USA Course handbook Yes, with

mods.

5/7b

Offer an easy-to-remember focus so that any

medical staff can assess and treat the trauma

patient.

9 63 1

Prehospital Trauma Life

Support39
USA Course handbook Yes, with

mods.

4/7b

Constitute a more comprehensive and

recognized source of information for

techniques and knowledge surrounding

prehospital trauma care.

1 23 0

Pediatric Trauma Life Support40 USA Course handbook Yes, with

mods.

4/7b

Gather the special needs of young trauma

patients.

1 5 0

Asistencia Inicial al Trauma

Pediátrico2
Spain Course handbook Yes

5/7b
Develop the theoretical content of the

paediatric trauma care courses.

17 48 1

Abbreviations: ACS TQIP, American College of Surgeons Trauma Quality Improvement Program; ALS, advanced life support; ATLS, advanced trauma life

support; COT-ACS, Committee on Trauma—American College of Surgeons; CSIs, cervical spine injuries; ICISS, International Classification of Disease Injury

Severity Score; ICP, intracranial pressure; Indet., indeterminable; Mods., modifications; NTDB, National Trauma Data Bank; OU, outcome indicators

provided; PR, process indicators provided; PTC, paediatric trauma care; SEUP, Spanish Society of Paediatric Emergencies; ST, structure indicators

provided; TC, trauma centre.
aThe AGREE-HS was used.
bThe AGREE-II was used.
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