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Summary
In our previous study, a Paediatric Early Warning Score (PEWS) could be calculated for only one fifth
of 102,993 children transported by ambulance to hospital, as components other than supplemental
oxygen were not reliably measured: respiratory rate 90,358 (88%); Glasgow coma score 83,648
(81%); heart rate 83,330 (81%); time to capillary reperfusion 81,685 (79%); oxygen saturation 71,372
(69%); temperature 60,402 (59%); systolic blood pressure 37,088 (36%). We tested 12 abbreviated
scores with 3-5 components. Scores could be calculated for at most 74,508 (72%) children when
heart rate, conscious level and respiratory rate were measured, with or without supplemental
oxygen. For the primary outcome of 30 day mortality and/or admission to paediatric Intensive Care,
discrimination (area under the receiving operator characteristic curve) ranged 0.69-0.80 and
measured 0.75 and 0.77 for these two versions, respectively. Optimal threshold scores of 3 and 2 for
these two abbreviated versions discriminated an outcome rate of 2%-3% in about one third of
children from the other children who had < 1% rate of outcome.

Introduction
The utility of Paediatric Early Warning Scores (PEWS) in hospitals remains contentious, but there is
growing evidence to support their role in recognising deterioration hours before a critical event in
children [1-8]. One might expect that most UK paediatric units will use an early warning score
following the recommendations of the UK report “Why children die” [9]. Despite their profusion only
a minority of scores have been tested before their introduction into clinical practice [7, 10-15].
Within Scotland, only 2/14 paediatric early warning scores had published their retrospective testing
[5, 16].
The variables used and the outcomes measured vary between scores [1, 17, 18]. However,
all scores use heart rate and respiratory rate and most included oxygen saturations, supplemental
oxygen and conscious level. Fewer scores included blood pressure, respiratory effort, capillary return
and temperature. Clinical opinion has largely determined which variables to test [19, 20]. Variables
with prognostic significance in one disease, for example bacterial or viral respiratory infections, may
be inappropriately included in scores for other diseases [21, 22]. Doubt as to which variables to use
has led to large multicentre studies [23]. The performance of any score depends upon the reliability
with which its components are measured. In the initial bedside study all variables were recorded for
only 1 in 20 children [10], the reasons for which are complex [24-26]. Variables measured
infrequently and that are subject to systematic error, such as blood pressure, are more likely to
impair a score’s performance [20, 27, 28].
The Paediatric Early Warning Score (Scotland) was introduced with the intention of creating
a single score with the ability of differentiating unwell children through the whole patient journey
and creating a common language for communicating this. It is now embedded in inpatient practice in
Scotland and we are keen to assess its effectiveness in the pre-hospital environment. We have
previously reported that 21,202/102,993 (21%) children had all eight components of a paediatric
early warning score recorded when transported by ambulance to hospital [3]. Some variables were
measured less often than others, which might reflect the difficulty of measuring blood pressures in
crying children, unreliable pulse oximetry in moving vehicles and a disbelief that temperature in a
recently injured child might be useful. We may have compromised the utility of our early warning
score in the pre-hospital environment by including some variables that cannot be reliably measured
by paramedic crews in ambulances.
The basis for developing PEWS has always been “making it easier to do the right thing and
more difficult to do the wrong thing” and in paediatrics in particular, to reduce the cognitive load of
applying age related values. Whilst some of the cognitive load is removed by the electronic patient
report form (ePRF) in the pre-hospital setting calculating the PEWS, it could be argued that the low

rate of fully completed all eight point PEWS scores reflects that we have either not created an
understanding of the need for collecting all of the vital sign parameters or not made it easier for
paramedic crews thereby compromising both the utility and applicability of the PEWS score.
Abbreviation of the score by reducing the number of components could increase the number of
children with calculable scores.
We have therefore aimed in this paper to determine the discrimination of abbreviated
versions of the paediatric early warning score for the outcomes assessed in the original paper:
admission to intensive care within 48 hours of ambulance transfer or death within 30 days.

Methods
The Caldicott Guardian National Scrutiny Process for Scotland approved this study, as did the
Greater Glasgow and Clyde NHS Board for research and development. We did not seek ethical
approval.
The methods were outlined in the original paper [3]. Briefly, we studied all children (< 16
years) conveyed by the Scottish Ambulance Service to hospital from 2011 to 2015. We did not study
children in cardiac arrest or children transferred between hospitals. We assigned risk scores of 3 and
1 for each (of seven) physiological variables if they deviated outside their 99%CI and 95%CI,
respectively, adjusted for five age categories: Glasgow coma score; heart rate; systolic blood
pressure; respiratory rate; pulse oxygen saturation; temperature; time to capillary reperfusion. We
assigned a score of 1 if supplemental oxygen was given. We analysed the association of scores with a
composite of all-cause mortality within 30 days or admission to intensive care within 48 hours of
ambulance attendance, identified by linking records with the Community Health Index or NHS
number. We used the physiological values recorded from the first instance that all eight variables
were recorded. We did not impute missing values.
We calculated the associations of variables and their combinations with outcome, using the
area under the receiver operating characteristic (AUROC) curve. For patients with all eight variables
recorded, we entered variables sequentially into a multivariable binary logistic model, adding the
variable that in combination with the existing model associated most with outcome, if p<0.05 and
removing variables if p >0.1. The AUROC for each cumulative model was compared to using all eight
components using DeLong’s test. We performed sensitivity analyses of each model with and without
supplemental oxygen delivery. We used SAS® software for all analyses (version 9.4, SAS Institute
Inc.; Cary, NC, USA). We assumed two-sided p < 0.05 statistically significant. We did not test

differences in the AUROC curves for different abbreviated models as the number of children (and
outcomes) were different.

Results
We studied 102,993 children. The number of children who had values recorded were supplemental
oxygen 102,993 (100%); Glasgow coma score 83,648 (81%); heart rate 83,330 (81%); systolic blood
pressure 37,088 (36%); respiratory rate 90,358 (88%); pulse oxygen saturation 71,372 (69%);
temperature 60,402 (59%); time to capillary reperfusion 81,685 (79%). All variables were recorded
for 21,202 children, particularly older children (Table 1 and Fig. 1 and Supplementary Information
Tables S1-3 and Figure S1).
Admission to intensive care (n = 1053) within 48 hours of ambulance transfer or death (n =
153) within 30 days was recorded for 1178 (1%) children (Supplementary Information Table S1.
A model with four variables associated with outcome as much as the full model of eight variables:
oxygen delivery; Glasgow coma score; heart rate; and oxygen saturation (Table 2)
All eight components of the PEWS were independent predictors of the primary outcome.
However, Table 2 shows that from step 4, none of the AUROC are significantly different from that
using all components. The performance of this model is compared with incomplete datasets in
Table 3. The outcome rate in all model cohorts was around 1%: threshold scores discriminated
children with an outcome rate < 1% (in about two thirds) from children with an outcome rate 2%-3%
(in about one third, Table 3).

Discussion
We found that in an unselected population of ambulance patients, four components of the
paediatric early warning score (PEWS) were as good as all eight components for discriminating
between children who died within 30 days or were admitted to intensive care within 48 hours of
emergency ambulance transfer to hospital: oxygen delivery; conscious level; heart rate; and oxygen
saturations.
Which components of the multiple PEWS scores, in use internationally, best predicts
outcome remain under debate [1, 17, 18]. The number of children in whom a modified PEWS could
be calculated was trebled by reducing the number of components from eight to four, mainly because
systolic blood pressure and oxygen saturation were infrequently recorded in young children.
Although our data shows that each of the 8 components which contribute to the PEWS(Scotland) are
independent predictors of the adverse outcomes of admission to PICU within 48 hours or death
within 30 days in unselected children and young people < 16 years old transferred to hospital by
ambulance, we also have demonstrated that the stepwise AUROC increases little after the first 4
components of oxygen delivery, conscious level, heart rate and oxygen saturations.
Conscious level and heart rate might be combined with one or two other PEWS components
to generate four models with similar discrimination, the additional components being: respiratory
rate; respiratory rate and capillary refill; respiratory rate and oxygen saturation; or oxygen delivery
and oxygen saturation. These combinations avoid the difficulty of blood pressure measurement in
distressed children and may increase the speed and accuracy of recorded values [29, 30]. An
important point to consider is that paediatric early warning scores are not as yet widely used in
resource limited settings including the pre-hospital environment in Scotland but the benefits might
be enhanced by the simplicity of measuring conscious level, heart rate and respiratory rate [31].
We are uncertain whether our results would be similar in children who do not get to hospital
in an ambulance and in children in other countries. We do not know how the modified PEWS
combinations would work in hospital (rather than before admission), where thresholds for scoring a
physiological variable might be optimal at different values [32, 33]. Our pre-hospital model was a
single set of observations, the thresholds of which might be modified if trends in scores are tested
whilst children are in hospital [34].
In conclusion, the discrimination of four components of the pre-hospital paediatric early
warning score was as good as eight components for the combined outcome of 30-day mortality or
intensive care admission within 48 hours. A simpler version, consisting of conscious level, heart rate
and respiratory rate might be tested in both primary care and resource-limited settings.
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Table 1 The rates combinations of variables were recorded for 102,993 children transferred to
hospital by ambulance.
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Number
74,508
(72%)
66,449
(65%)
64,202
(62%)
51,007
(50%)
48,242
(47%)
47,588
(46%)
47,028
(46%)
45,734
(44%)
21,202
(21%)

CRT, capillary refill time; GCS, Glasgow coma score; HR, heart rate; O2, supplemental oxygen; RR,
respiratory rate; SBP, systolic blood pressure; SpO2, oxygen saturation; Temp, temperature.

Table 2 Stepwise entry and retention of variables in the paediatric early warning score model

Step
Variable
Entry p value Cumulative AUROC
1
Oxygen delivery
< 0.0001
0.69
2
Glasgow coma score
< 0.0001
0.75
3
Heart rate
< 0.0001
0.79
4
Oxygen saturations
< 0.0001
0.80
5
Systolic blood pressure
0.0053
0.81
6
Respiratory rate
0.022
0.81
7
Temperature
0.049
0.81
8
Capillary refill time
0.043
0.81

AUROC, area under the receiving operator characteristic curve.

Retention p value
< 0.0001
0.013
0.080
0.43
0.48
0.96
-

Table 3 The performance of different models for how variables recorded for 102,993 children
transported by ambulance to hospital associated with subsequent admission to paediatric intensive
care (48 h) or death (30 days).
Threshold
Value Sensitivity Specificity
799
GCS, HR, RR
74,508
0.75
3
0.66
0.74
799
GCS, HR, RR, O2
74,508
0.77
2
0.75
0.67
728
GCS, HR, SpO2, O2
67,265
0.78
2
0.76
0.69
684
GCS, HR, RR, CRT
66,449
0.75
3
0.66
0.74
684
GCS, HR, RR, CRT, O2
66,449
0.77
2
0.76
0.67
679
GCS, HR, RR, SpO2
64,202
0.79
3
0.74
0.70
679
GCS, HR, RR, SpO2, O2
64,202
0.80
4
0.67
0.80
513
0.74
3
GCS, HR, RR, Temp
51,007
0.72
0.68
492
2
0.68
0.63
HR, RR, Temp, CRT
48,242
0.69
461
3
0.55
0.83
GCS, RR, Temp, CRT
47,588
0.72
474
3
0.68
0.72
GCS, HR, Temp, CRT
47,028
0.73
450
3
0.72
0.68
GCS, HR, RR, Temp, CRT 45,734
0.75
176
5
0.71
0.78
GCS, HR, SpO2, O2*
21,202
0.80
*For the 21,202 children for whom all eight variables were recorded.
Variables

Number

Events AUROC

PPV
2.7%
2.4%
2.6%
2.6%
2.3%
2.6%
3.4%
2.2%
1.9%
3.1%
2.4%
2.2%
2.7%

NPV
99.5%
99.6%
99.6%
99.5%
99.6%
99.6%
99.6%
99.6%
99.5%
99.5%
99.5%
99.6%
99.7%

AUROC, area under the receiving operator characteristic curve; CRT, capillary refill time; GCS, Glasgow
coma score; HR, heart rate; O2, supplemental oxygen; RR, respiratory rate; SBP, systolic blood
pressure; SpO2, oxygen saturation; Temp, temperature.

Figure 1 The proportion of 102,993 children transported by ambulance to hospital who had eight
physiological variables recorded, categorised by age: pulse oxygen saturation (
rate (

); heart rate (
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); systolic blood pressure (

); respiratory
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