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Summary

Background: Emergency pediatric situations are stressful for all involved.

Variation in weight, physiology, and anatomy can be substantial and errors

in calculating drugs and fluids can be catastrophic.

Objectives: To evaluate the reliability of information resources that anes-

thetic trainees might use when faced with common pediatric emergencies.

Methods: Anesthetic trainees from a single UK deanery were recruited and

timed while they identified 18 predetermined pieces of information from three

Advanced Pediatric Life Support (APLS) scenarios. The two most popular

smartphone applications identified from a previous survey, PaedsED

(PaedsED. iED limited, Version 1.0.8, Updated March 2011. ©2009) and

Anapaed (AnaPaed. Thierry Girard, Version 1.4.2, Updated Nov 2, 2012.

©Thierry Girard), the British National Formulary for Children (cBNF) and

trainee’s inherent knowledge were compared with a local, check-list

style, handbook of pediatric emergency algorithms – Pediatric Anesthetic

Emergency Data sheets (PAEDs).

Results: Twenty anesthetic trainees were recruited. The fastest source of

information was the trainees own knowledge (median 61 s, IQR 51–83 s).

Second fastest was PAEDs (80, [59–110] s), followed by PaedsED (84, [65–
111]). The most accurate source overall was PaedsED (100, [83–100])
although the accuracy varied between scenarios. The handbook was rated as

the most popular resource by the trainees.

Conclusion: Although fastest, trainees own knowledge is inaccurate, high-

lighting the need for additional, rapidly accessible, information. Of the two

smartphone applications, PaedsED proved to be fast, accurate, and more

popular, while Anapaed was accurate but slow to use. The PAEDs hand-

book, with its checklist-style format, was also fast, accurate and rated the

most popular information source.

Introduction

The management of emergency situations can be chal-

lenging for all involved. This is particularly true in pedi-

atric anesthesia, where there is an increased need for

rapid calculation of medication doses, equipment size,

and recall of management protocols. Access to accurate,

up-to-date information is essential to improve decision

making in these stressful situations and reduce the

potential for errors in calculating and prescribing.

Therefore, what is needed is a robust system for obtain-

ing or calculating information to ensure patient safety.

An interesting parallel can be drawn here with emer-

gency management within the aviation industry. Here,

emergency situation management plans are specifically

NOT learnt, but are read from a checklist when the need

arises.

In 2012, a survey of anesthetic trainees working

within the Nottingham and East Midlands School of

Anesthesia was performed (J.A.M Armstrong, H. King,
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unpublished work). Trainees were asked about the

sources of information that they would use to access

guidelines or dosing information when managing pediat-

ric emergencies. Information sources identified included

the hospital intranet, internet searches, and smartphone

applications. The survey also identified a high level of

anxiety in dealing with these situations and the need

for a more easily accessible but accurate source of

information.

Despite the availability of several pediatric anesthesia

or emergency medicine apps, concerns have been raised

about accuracy and the appropriateness of accessing

smartphones in clinical areas (1). As a result, we devel-

oped a handbook of ‘checklist style’ emergency pediatric

guidelines, entitled Pediatric Anesthetic Emergency

Data sheets (PAEDs) that would be available in all areas

where pediatric emergencies were managed. The hand-

book is composed of two sections; ‘Age by Page’ and

‘Guidelines’. The ‘Age by Page’ section consists of a sin-

gle page for each age from ‘term baby’ up to 12 years,

containing: WHO weight range, normal physiological

variables, and precalculated data for airway devices,

resuscitation, and anesthetic drugs. In the ‘Guidelines’

section, hospital approved guidelines were formatted as

flow charts or tables to allow rapid interpretation and

hence application to immediate patient management.

Approval for the completed booklet was obtained from

Pediatric Guideline group, Medicine Management Com-

mittee, Drug and Therapeutic Committee, and Theater

Governance group as well as being checked by Pediatric

Pharmacy. The aim of this study was to evaluate the

new guideline book and compare its performance and

acceptability against existing popular information

sources.

Methods

Three scenarios from Advanced Pediatric Life Support

(APLS) (2) teaching material were selected at random

by a nonanesthetic colleague unrelated to the study (2-

year-old girl with croup, 10-month-old girl found sub-

merged in water with basic life support in progress and a

8-year-old boy pedestrian road traffic accident victim).

Six pieces of information relevant to each scenario were

identified, forming 18 questions (Appendix S1). Before

subjects were recruited, each of the information sources

was examined independently by the two primary investi-

gators to create an answer sheet. The ‘number of avail-

able’ answers that could be identified from each source

was noted and later used in the analysis. The two most

popular smartphone applications identified by the sur-

vey [PaedsED (3) and Anapaed (4)], the British National

Formulary for Children (cBNF) and trainees inherent

knowledge were compared with the PAEDs handbook.

A standardized study proforma (Appendix S1) was writ-

ten explaining the aim of the study, giving clinical infor-

mation for each scenario and explaining the five

information sources. A brief tutorial and demonstration

of the apps and PAEDs handbook was given prior to

the start of the study. Trainees that had rotated to the

Hospital in the month that the evaluation took place

and therefore with limited exposure to the institutions

PAEDs handbook took part in the evaluation.

Twenty anesthetic trainees of UK intermediate or

higher level of specialty training years 4–7 (ST 4–7) vol-
unteered to take part in the evaluation. Each participant

was timed, by a study investigator, while they identified

and demonstrated to the investigator the information

requested. If a participant was unable to identify a

requested item, or felt that it would not be available in a

particular source, they were able to ‘pass’ and the time

to request this ‘pass’ was recorded. The order of the sce-

narios was also randomized to compensate for ‘learning

effects’ in using the new information sources.

For each clinical scenario and information source

combination, three outcomes were analyzed; time to find

data, number of answers available and accuracy (num-

ber of correctly identified answers from number avail-

able). Finally, the study participants were asked to rate

the ease of use for each of the information sources using

an ‘ease of use’ rating score (1–10).
Data were recorded using a standardized data collec-

tion sheet and analyzed using Microsoft� Excel�

Spreadsheet 2010 version. The results from all three sce-

narios were combined for analysis, giving a global

assessment of each information resource. Scenarios were

then analyzed individually. Data are presented as med-

ian [interquartile range] and radar plots. Data were

normalized to a 0–100 scale. Time to find informa-

tion values is presented in a reverse axis for ease of

comparison.

Results

Twenty anesthetic trainees were involved in the evalua-

tion, with an equal male to female distribution, and nine

of intermediate and 11 of higher level of training. No

information source apart from ‘inherent knowledge’

could provide all 18 requested answers (cBNF 8, Ana-

Paed 14, PAEDs 16, PaedsED 17). Accuracy was based

on the study participant being able to demonstrate an

available answer, hence, the cBNF had an accuracy of

100% despite only having eight available answers.

Analysis of the combined results for all scenarios

showed that the trainees own knowledge was the fastest

source (61 s, [51–83]) while the cBNF was the slowest
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(138 s, [113–189]). Table 1 shows the combined results

for time, number of available answers, accuracy, and

‘ease of use’ rating score. The data are presented sche-

matically in Figure 1.

Individual scenario data are presented in Table 2 and

Figures 2, 3 and 4. The most accurate source was differ-

ent in all three scenarios (smartphone applications and

handbook.)

The handbook was rated as the most popular

resource, followed by PaedsED and AnaPaed.

Discussion

This study showed that a ‘checklist style’ collection of

emergency algorithms is at least as effective as currently

available information sources in the management of

pediatric emergency scenarios. This way of presenting

emergency information also proved to be extremely pop-

ular among the anesthetic trainees who evaluated it.

Our original survey identified the need for a rapidly

accessible source of information to assist anesthetic

trainees when managing pediatric emergencies to ensure

evidence-based practice and reduce potential errors.

NHS Trusts have a large library of either locally or

nationally approved guidelines which are used to pro-

vide evidence-based patient care. These documents are

comprehensive and well referenced; however, they are

generally lengthy documents located on the hospital in-

tranet site. To access these guidelines in a clinical area,

access to a computer is required, which is often remote

from the patient. In addition, the location of the guide-

line is often not an intuitive path to follow, and the

whole process is time consuming.

The survey also identified the need for a cognitive aid

to assist trainees in either remembering or checking the

numerous formulae that are used in pediatric anesthesia.

Mental arithmetic is an essential component of manag-

ing pediatric patients. However, at moments of high

stress or when we are called upon to manage infre-

quently seen cases errors may occur (5–8). Flin et al. (5)

analyzed data obtained from over 200 anesthetists of all

grades who completed the Operating Room Manage-

Table 1 Combined results for scenarios. Data presented as Median [IQR]

Own knowledge PaedsED

British National Formulary

for Children AnaPaed

Pediatric Anesthetic

Emergency Data sheets

Time (s) 61 [51–83] 84 [65–111] 138 [113–189] 114 [95–135] 80 [59–110]

Available answers (out of 18) 18 17 8 14 16

Accuracya (%) 67 [50–83] 100 [83–100] 100 [67–100] 100 [79–100] 100 [80–100]

Ease of use rating score (1–10) 7 [6–8] 7 [7–8] 2 [1–2] 6 [5–7] 9 [8–9]

Ease of use rating score – 1 = worst, 10 = best.
aAccuracy = number of correct answers/number of available answers from source.
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Figure 1 Combined scenarios results.
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Table 2 Individual results for scenarios. Data presented as Median [IQR]

Scenario Own knowledge PaedsED

British National

Formulary

for Children AnaPaed

Pediatric Anesthetic

Emergency Data sheets

2 year, croup Time (s) 73 [59–85] 110 [94–138] 164 [120–206] 133 [106–153] 116 [100–125]

Accuracy (%) 67 [58–83] 100 [83–100] 67 [67–100] 75 [75–100] 80 [60–85]

10 month, near drowning Time (s) 67 [43–99] 71 [59–96] 163 [127–208] 96 [85–105] 85 [64–103]

Accuracy (%) 67 [50–71] 100 [100–100] 100 [67–100] 100 [100–100] 100 [95–100]

8 year, RTA Time (s) 57 [51–61] 70 [63–88] 110 [99–128] 117 [95–131] 55 [47–62]

Accuracy (%) 17a [17–50] 83 [83–100] 100 [100–100] 100 [95–100] 100 [100–100]

aExpected weight 31 kg, 17 trainees calculated wt 24 kg based on pre-2011 Advanced Pediatric Life Support formula (weight = [age + 4] 9 2),

accuracy based on this weight 67%.
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Figure 2 Two-year old, croup.
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Figure 3 Ten-month old, near drowning.
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ment Attitudes Questionnaire (ORMAQ) which

measures attitudes to stress, hierarchy, teamwork, and

error. 70% agreed with the statement ‘I am more

likely to make errors in tense or hostile situations’,

while 83% agreed with ‘I am less effective when

stressed or tired’. Sexton et al. (8) found that medical

staff, compared to aviation staff, are more likely to

deny the effects of stress and fatigue. There is less

published research regarding the effects of stress on

cognitive function; however, LeBlanc et al. (6) studied

experienced paramedics performing comparable drug

calculations in a low-stress classroom environment vs

a high-stress environment immediately after complet-

ing a human patient simulator scenario. They found

that lower accuracy scores were achieved in the high-

stress situation (43% vs 58%).

The weight of the critically ill child is required to

allow calculation of appropriate dosage of medication

and fluids. However, it is often impractical or unsafe to

weight the child on arrival. As a result, there is the need

for accurate rapid estimation of the patient’s weight

using formula, Broslow tapes or information from par-

ents. Luscombe et al. (9,10) performed a retrospective

study that showed existing weight estimation formula

underestimated weight by a mean of 18%. They tested

multiple formula and found that weight (kg) = (3 9

age) + 7 was the most accurate. The fifth edition of the

APLS manual 2011 (11) adopted this new formula for

the 6- to 12-year age group but unfamiliarity with it is

still prevalent. Our study showed an accuracy of only

17% for the 8-year-old scenario using the trainees own

knowledge because of our expectation that this revised

weight formula would be used rather than the pre-2011

formula. As a result of the incorrect choice of weight by

our subjects, all other medication calculations were sub-

sequently incorrect. However, both of the apps calcu-

lated medication doses based on a weight of 25 kg with

no reference to a formula for this weight estimation.

Repeated analysis of the trainees own knowledge for

the 8-year-old scenario data, accepting the weight of

24 kg, gave an accuracy of 67% which was still lower

than any other information source.

We did not record previous experience with any of the

information sources evaluated; however, any bias due to

familiarity would also apply to both the apps and cBNF

as these sources were identified from the earlier trainee

survey. Published literature comparing the speed of

accessing data from different sources of information,

that is, paper base compared to electronic information is

lacking. However, there is an increasing volume of liter-

ature regarding the use of smartphone applications

(apps) by medical professionals, medical students, and

patients. Medical professionals and students are using

them as educational resources, to aid disease diagnosis,

as medical calculators, and for drug reference (12–15).
Patients are increasingly accessing apps for disease self-

monitoring (16), while medical institutions in combina-

tion with patients are using them for patient education,

remote monitoring, and to aid communication with

patients.

Payne et al. (1) performed an online survey of medical

students and junior doctors in one UK healthcare region

looking at smartphone ownership, patterns of medical

apps usage, and acceptance of them as a source of infor-

mation. Over 50% of both groups owned between one

and five medically related apps. The authors found a dif-
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Figure 4 Eight-year old, RTA.
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ference in the type of app preferred by each group, with

medical students favouring educational apps and doc-

tors favouring disease management and drug reference

apps. They also commented on concerns raised by sur-

vey participants regarding the appropriateness of access-

ing smartphones in the clinical environment, which

supports locally held concerns regarding patients and

possibly clinician’s perceptions regarding the use of

handheld devices, especially telephones, in clinical envi-

ronments and is an area that warrants further study.

Despite a rapid growth in the use of medical apps,

there is increasing concern regarding the lack of robust

regulation and peer review involved to ensure the

accuracy and reliability of app content (16,17). The level

of professional medical involvement in the authorship,

creation, and design of apps is extremely variable and

information regarding evidence-based content, and peer

review is often lacking. Customized apps to address par-

ticular areas of work are now being developed both by

individuals and hospital departments (18–20). Apps

developed from specific hospital written, reviewed,

approved, and referenced guidelines provide a quick

reference source of information to aid point of care

decision making.

All these factors point to the need for a readily avail-

able, rapidly accessible source of information. If one

looks at the, much compared, aviation industry, it is

interesting to note that they specifically do not try and

learn checklist for rare, but serious, emergency situa-

tions. Here, when such a situation arises, the necessary

information and steps to be taken are read from a check-

list. This obviously requires the correct checklist to be

selected, but has the potential to massively reduce the

potential for errors and omissions in management. Arri-

aga et al. (21) have shown that the use of checklists in

the management of simulated operating room crises

resulted in a significant improvement in adherence to

critical management steps compared to scenarios where

checklists were not used. This group, which includes

Atul Gawande, author of ‘The checklist manifesto’ (22)

and instigator of the WHO Surgical checklist, conclude

that checklists have the potential to improve clinical

practice and that work is required to determine the most

appropriate medium (paper vs electronic).

With the decreasing levels of clinical experience seen

in medicine today, is it time to swallow our pride and

adopt a similar approach? Should one member of any

resuscitation/emergency team be tasked with maintain-

ing an overview and ‘reading off’ the checklist to ensure

nothing is missed and that the team does not become

task fixated in such a high-stress environment?

This paradigm shift in our thinking and management

of rare, but serious, emergencies will require many

thought and planning to implement, coupled with both

simulation and clinical study to see if it achieves real

results in terms of performance and team management.

Further, work is also required to examine the use of

smartphones and medical applications by the medical

profession while managing medical emergencies, both in

terms of acceptability and reliability.
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