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Abstract
Introduction: The timely provision of critical care to hospitalised patients at risk for cardiopulmonary arrest is
contingent upon identification and referral by frontline providers. Current approaches require improvement. In a
single-centre study, we developed the Bedside Paediatric Early Warning System (Bedside PEWS) score to identify
patients at risk. The objective of this study was to validate the Bedside PEWS score in a large patient population at
multiple hospitals.
Methods: We performed an international, multicentre, case-control study of children admitted to hospital inpatient
units with no limitations on care. Case patients had experienced a clinical deterioration event involving either an
immediate call to a resuscitation team or urgent admission to a paediatric intensive care unit. Control patients had
no events. The scores ranged from 0 to 26 and were assessed in the 24 hours prior to the clinical deterioration
event. Score performance was assessed using the area under the receiver operating characteristic (AUCROC) curve
by comparison with the retrospective rating of nurses and the temporal progression of scores in case patients.
Results: A total of 2,074 patients were evaluated at 4 participating hospitals. The median (interquartile range)
maximum Bedside PEWS scores for the 12 hours ending 1 hour before the clinical deterioration event were 8 (5 to
12) in case patients and 2 (1 to 4) in control patients (P < 0.0001). The AUCROC curve (95% confidence interval)
was 0.87 (0.85 to 0.89). In case patients, mean scores were 5.3 at 20 to 24 hours and 8.4 at 0 to 4 hours before the
event (P < 0.0001). The AUCROC curve (95% CI) of the retrospective nurse ratings was 0.83 (0.81 to 0.86). This was
significantly lower than that of the Bedside PEWS score (P < 0.0001).
Conclusions: The Bedside PEWS score identified children at risk for cardiopulmonary arrest. Scores were elevated
and continued to increase in the 24 hours before the clinical deterioration event. Prospective clinical evaluation is
needed to determine whether this score will improve the quality of care and patient outcomes.

Introduction
Timely application of critical care improves patient outcomes [1-4] but depends upon early identification of
patients at risk [5,6]. Late recognition resulting in cardiopulmonary arrest occurs in 0.1 to 20 of 1,000 children
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admitted to hospital inpatient units [7-9] and is associated with poor survival [10] and significant morbidity
in survivors [8,11-15].
Systems that distinguish patients at risk for near and
actual cardiac arrest from other low-risk, ‘well’ hospitalised patients will minimise false-alarm calls to critical
care teams while identifying patients at risk. To date,
few identification systems have undergone methodologically rigorous development and evaluation [6,16-18].
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Reviews of adult identification assessments have found
high false-positive rates, low sensitivity and modest
score performance versus hospital mortality, suggesting
that these mechanisms are of limited value [19,20].
We developed the Bedside Paediatric Early Warning
System (Bedside PEWS) scoring system using expert
opinion and statistical methods. The seven items used
to calculate the score are heart rate, systolic blood pressure, capillary refill time, respiratory rate, respiratory
effort, transcutaneous oxygen saturation and oxygen
therapy (Table 1). The range of possible scores is 0 to
26. In the development data set, in a single-centre study,
this seven-item scale was found to have an area under
the receiver operating characteristic (AUCROC) curve
of 0.91 and a sensitivity of 83% at a score of 8 [6].
The objective of this study was to evaluate the performance of the Bedside PEWS score in a larger multicentre study before clinical implementation. We
hypothesised that the Bedside PEWS score (1) could
identify children at risk for cardiopulmonary arrest with
at least one hour’s notice, (2) might increase during the
time leading up to the clinical deterioration event, (3)
would be independent of the number of static risk

factors for cardiac arrest and (4) would be superior to
the retrospective ratings of nurses.

Materials and methods
A 1:2 frequency-matched case-control study was performed. The primary outcome was the Bedside PEWS
score. Eligible patients were cared for on an inpatient
unit other than an ICU and were 18 years of age or
younger at the time of hospital admission. Case patients
were defined as those who experienced a clinical deterioration event resulting in either an immediate call to
the resuscitation team or an urgent ICU admission without a resuscitation team call. An urgent ICU admission
was defined as an admission to an ICU in an unscheduled fashion. ICU admission episodes either following a
scheduled procedure, directly from an emergency
department or from outside the hospital were excluded.
Control patients were defined as those who were cared
for on an inpatient unit without resuscitation team call
or urgent ICU admission during the period studied or
for the following 48 hours.
The children were not studied while they were in an
ICU, emergency department or operating room or if

Table 1 The Bedside Paediatric Early Warning System score items
Item subscore
Item
Heart rate (bpm)

Systolic blood pressure (mmHg)

Age group

0

1

2

4

0 to < 3 months

> 110 and <
150

≥ 150 or ≤
110

≥ 180 or ≤ 90

≥ 190 or ≤ 80

3 to < 12
months

> 100 and <
150

≥ 150 or ≤
100

≥ 170 or ≤ 80

≥ 180 or ≤ 70

1-4 years

> 90 and < 120

≥ 120 or ≤ 90

≥ 150 or ≤ 70

≥ 170 or ≤ 60

> 4-12 years

> 70 and < 110

≥ 110 or ≤ 70

≥ 130 or ≤ 60

≥ 150 or ≤ 50

> 12 years
0 to < 3 months

> 60 and < 100
> 60 and < 80

≥ 100 or ≤ 60
≥ 80 or ≤ 60

≥ 120 or ≤ 50
≥ 100 or ≤ 50

≥ 140 or ≤ 40
≥ 130 or ≤ 45

3 to < 12
months

> 80 and < 100

≥ 100 or ≤ 80

≥ 120 or ≤ 70

≥ 150 or ≤ 60

1 to 4 years

> 90 and < 110

≥ 110 or ≤ 90

≥ 125 or ≤ 75

≥ 160 or ≤ 65

> 4 to 12 years

> 90 and < 120

≥ 120 or ≤ 90

≥ 140 or ≤ 80

≥ 170 or ≤ 70

> 80 and < 100

> 100 and <
130

≥ 130 or ≤
100

≥ 150 or ≤ 85

≥ 190 or ≤ 75

0 to < 3 months

> 29 and < 61

≥ 61 or ≤ 29

≥ 81 or ≤ 19

≥ 91 or ≤ 15

3 to < 12
months

> 24 or < 51

≥ 51 or ≤ 24

≥ 71 or ≤ 19

≥ 81 or ≤ 15

Capillary refill time
Respiratory rate (breaths/
minute)

Respiratory effort
Oxygen saturation (%)
Oxygen therapy

≥ 3 seconds

< 3 seconds

1 to 4 years

> 19 or < 41

≥ 41 or ≤ 19

≥ 61 or ≤ 15

≥ 71 or ≤ 12

> 4 to 12 years

> 19 or < 31

≥ 31 or ≤ 19

> 12 years

> 11 or < 17
Normal

≥ 17 or ≤ 11
Mild increase

≥ 41 or ≤ 14
≥ 23 or ≤ 10

≥ 51 or ≤ 10
≥ 30 or ≤ 9

Moderate increase

Severe increase/any
apnoea

> 94

91 to 94

Room air

≤ 90
Any to < 4 L/minute or <
50%

≥ 4 L/minute or
≥ 50%
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they were in the care of an anaesthetist for procedural
sedation in another area. We excluded children for
whom care was either undergoing or anticipated to
undergo medicolegal review as well as those with care
restrictions.
Matching

Matching was performed as follows. First, clusters of
similar types of inpatient units were identified within
each hospital. For example, all the general surgical units
comprised one cluster, and another cluster was composed of the units caring for bone marrow transplant
recipients and oncology patients. Patients within each
cluster who were in the same Bedside PEWS age category (< 3 months, 3 months to < 12 months, 1 year to <
5 years, 5 to 12 years and > 12 years) were frequencymatched at a ratio of two control patients per case
patient.
Clinical data, including 14 risk factors for cardiopulmonary arrest, were obtained by direct abstraction
from medical records using standardised data collection forms (Table 2). Consenting nurses were interviewed to provide additional clinical data that was
observed but not documented, and they completed a
survey to describe their retrospective global rating of
the risk of a clinical deterioration event. They were
asked, ‘How surprised would you be if your patient
had a patient emergency while you were on break’?
Responses were recorded on a five-point Likert scale
(Table 3).
Clinical data were abstracted by trained research
nurses. The clinical data and age required to calculate
the Bedside PEWS score were written into case report
forms and entered into a custom-made Oracle database
(Oracle Corp., Redwood Shores, CA, USA). Entered data
were electronically checked for internal consistency of
dates and manually rechecked for accuracy. Inconsistencies were resolved by reviewing case report forms and
medical records as required.
Analysis

Clinical data were grouped into 1-hour blocks for 24
hours ending at the event for case patients or at the end
of 12 hours of data collection for control patients.
Where there were missing data, the most recent
recorded data were used, consistent with the approach
used for other scores in critically ill children [21]. The
greatest subscore for each item within each hour was
identified and used to calculate the Bedside PEWS score
for that hour. We then calculated the maximum PEWS
score for the 12 hours ending 1 hour before the clinical
deterioration event and in the six 4-hour blocks preceding ICU admission in patients urgently admitted to the
ICU.
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The primary analysis evaluated the hypothesis that the
Bedside PEWS score can identify children at risk for
cardiopulmonary arrest with at least one hour’s notice.
Logistic regression was used to compare the maximum
Bedside PEWS score of case and control patients using
all 12 hours of data in control patients and the 12 hours
of data ending 1 hour before either urgent ICU admission or a code blue event in the case patients. The
AUCROC curve was determined from the c-statistic calculated by logistic regression, and the 95% confidence
interval (95% CI) was calculated using an accepted algorithm [22]. The ROC curve was represented graphically,
and the sensitivity and specificity of the score at thresholds of 7 and 8 were calculated based on our previous
work [6].
Repeated measures linear regression was used to evaluate the temporal evolution of scores preceding urgent
ICU admission and code blue events in case patients.
The dependent variable was the maximum Bedside
PEWS score for each of the six 4-hour time periods preceding the clinical deterioration event. The independent
variable was the midpoint of the time interval expressed
in hours from the time of ICU admission. Linear regression was used to evaluate the relationships between the
maximum Bedside PEWS score and the number of risk
factors for cardiac arrest. Separate analyses were performed for case and control patients.
The association between the retrospective rating of
nurses and the case or control status of patients was
evaluated using logistic regression. We used clinical data
from the 12 hours ending 1 hour before the clinical
deterioration event and for 12 hours in control patients
to calculate the maximum Bedside PEWS score. These
data were paired with corresponding survey data from
frontline nurses. When more than one nurse was surveyed in this time period, we used the data from the
nurse who had last cared for the patient. The responses
of the frontline nurses were represented on a numerical
scale from 1 to 5. We tabulated the maximum Bedside
PEWS score for each level of nurse rating in case and
control patients. Logistic regression was used to evaluate
the performance of nurse rating, the Bedside PEWS
score, and the nurse rating with the Bedside PEWS
score. We used the c-statistic as a measure of the
AUCROC curve and calculated the 95% CI. Comparison
of the AUCROC curve for the nurse rating and the
maximum Bedside PEWS score was carried out as
described by DeLong et al. [23].
Subgroup analyses described score performance in the
following patient categories: urgent ICU patients, code
blue patients, those who fell within any of the five age
categories of the Bedside PEWS score, across institutions, patients with chronic conditions (bone marrow or
organ transplantation, cardiac disease, severe cerebral
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Table 2 Performance of the Bedside Paediatric Early Warning System scores in 2,074 hospitalised childrena
Case patients

Control patients

n

Median score (IQR)

n

Median score (IQR)

P value

AUCROC (95% CI)

All

686

8 (5 to 12)

1,388

2 (1 to 4)

< 0.0001

0.87 (0.85 to 0.89)

Urgent ICU

381

10 (7 to 13)

772

2 (1 to 4)

< 0.0001

0.92 (0.90 to 0.94)

Code blue

305

6 (3 to 10)

616

2 (1 to 4)

< 0.0001

0.81 (0.78 to 0.84)

< 3 months

190

7 (4 to 10)

333

2 (1 to 4)

< 0.0001

0.83 (0.79 to 0.86)

3 to < 12 months

164

8 (6 to 11)

362

2 (1 to 4)

< 0.0001

0.86 (0.82 to 0.90)

1 to < 5 years
5 to 12 years

134
110

9 (5 to 13)
10 (5 to 13)

286
221

2 (1 to 4)
2 (1 to 3)

< 0.0001
< 0.0001

0.90 (0.87 to 0.93)
0.89 (0.84 to 0.93)

> 12 years

88

11 (6 to 14)

186

3 (2 to 4)

< 0.0001

0.91 (0.87 to 0.95)

A

324

9 (6 to 12)

658

2 (1 to 4)

< 0.0001

0.88 (0.85 to 0.90)

B

238

6 (4 to 9)

478

1 (1 to 3)

< 0.0001

0.89 (0.86 to 0.92)

C

80

12 (9 to 15.5)

164

5 (2 to 6)

< 0.0001

0.91 (0.87 to 0.95)

D

44

9 (4 to 12)

88

2 (1 to 3)

< 0.0001

0.89 (0.83 to 0.96)

Patient characteristics

Age

Hospital

Chronic disease
Transplant

58

11 (7 to 12)

73

2 (1 to 3)

< 0.0001

0.94 (0.90 to 0.98)

Heart disease

233

9 (6 to 11)

386

3 (2 to 5)

< 0.0001

0.85 (0.81 to 0.88)

Severe cerebral palsy

62

10 (7 to 13)

34

2 (1 to 4)

< 0.0001

0.92 (0.86 to 0.98)

Medical device
Tracheostomy

57

7 (4 to 11)

36

4 (1.5 to 5.5)

0.0002

0.75 (0.67 to 0.86)

Feeding tube

138

10 (6 to 13)

112

3 (1 to 5)

< 0.0001

0.87 (0.82 to 0.91)

Home oxygen

47

9 (6 to 11)

27

5 (2 to 7)

0.0001

0.81 (0.69 to 0.90)

47

6 (3 to 10)

6

2 (2 to 4)

0.133

0.73 (0.48 to 0.99)

0

NA

3

2 (1 to 2)

NA

NA

Acute condition
Seizures > 15 minutes
DKA
Complexity
> 3 services

164

9 (6 to 12)

136

3 (1 to 5)

< 0.0001

0.87 (0.83 to 0.91)

> 10 medications/day

162

10 (6 to 13)

109

3 (2 to 5)

< 0.0001

0.85 (0.81 to 0.90)

Recent transition
Recent primary service transfer

18

7 (3 to 8)

5

1 (0 to 2)

0.048

0.89 (0.75 to 1.00)

Previous ICU admission
< 24 hours after surgery

345
55

8 (6 to 11)
7 (4 to 10)

386
61

3 (1 to 5)
2 (1 to 4)

< 0.0001
< 0.0001

0.84 (0.81 to 0.87)
0.79 (0.71 to 0.88)

a
IQR = interquartile range; AUCROC = area under the receiver operating characteristic curve; DKA = diabetic ketoacidosis; 95% CI: 95% confidence interval; NA:
not applicable. Data are from 2,074 patients admitted to four university-affiliated paediatric hospitals. Scores were calculated from 23,288 hours with one or more
items of the seven-item Bedside PEWS score.

Table 3 The maximum Bedside Paediatric Early Warning System scores by retrospective nurse rating of surprise ‘if
your patient had a patient care emergency while you were on break’a
Nurses’ rating

All patients

Case patients

Control patients

Degree of surprise

n

Maximum BPEWS score*

n

Maximum BPEWS score

n

Maximum BPEWS scoreb

Not at all (1)

99

10 (7 to 14)

94

10.5(7 to 14)

5

2 (1 to 9)

0.020

Not very (2)

179

8 (5 to 12)

139

10 (6 to 13)

40

4 (1.5 to 6)

< 0.0001
< 0.0.001

b

P value

Somewhat (3)

203

5 (2 to 9)

85

9 (5 to 12)

118

3 (2 to 5)

Very (4)

601

2 (1 to 4)

89

6 (3 to 9)

512

2 (1 to 3)

< 0.0001

395
1,477

2 (1 to 3)
3 (1 to 6)

31
438

5 (3 to 8)
9 (5 to 12)

364
1,039

2 (1 to 3)
2 (1 to 3)

< 0.0001
< 0.0001

Extremely (5)
All

a
Data are from 1,477 children in admitted to inpatient wards of four university-affiliated hospitals. Bedside PEWS (BPEWS) scores were higher in case patients
compared with all control patients in each surprise category. bMedian (IQR) score.
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palsy), patients with medical devices that might have
place them at increased risk (tracheostomy, enterostomy
feeding device, home oxygen), patients with acute illness
(diabetic ketoacidosis, seizures), patients whose conditions had increased complexity (> 3 services involved in
care, > 10 medications), patients with an administrative
risk (recent transfer of primary service, ICU transfer,
postoperative, off-service patient), and patients who had
cardiopulmonary arrest. Power calculations based on
our previous work suggested that differences between
means could be shown with 30 patients per group.
Given that our objectives were to evaluate score performance within specified subgroups and at each hospital,
we sought to maximise the numbers of cases and controls from participating hospitals. Numbers were thus
determined by the duration of the study at each hospital. The protocol was reviewed and approved by the
research ethics boards at participating hospitals. All
research ethics boards required consent for staff participation in the surveys and waived the need for patient
consent.

Results
The study was conducted from August 2004 to January
2009 over 120 hospital months in the 4 participating
hospitals (Table 4). The 2,074 patients studied ranged in
age from 0 to 227 months, had a median (interquartile
range (IQR)) age of 12 months (3.5 to 74) and comprised 686 case patients and 1,388 control patients.
There were 305 code blue cases and 381 patients who
were urgently admitted to the paediatric intensive care
unit without a code blue event (Table 2). There were
23,288 hours with data describing one or more of the
Bedside PEWS score items, 7,263 hours (31.2%) when 5
or more of the items of the Bedside PEWS score were
used for score calculation, and 1,181 hours (5.1%) when
all 7 items were used for score calculation.
The median (IQR) of the maximum Bedside PEWS
scores was higher in case patients (8 (5 to 12)) than in
the 1,387 controls (2 (1 to 4); P < 0.0001) (Table 5).
The AUCROC curve was 0.87 (95% CI 0.85 to 0.89).
When we used a threshold score of 7, the sensitivity
was 0.64 and the specificity was 0.91. With a threshold
score of 8, the sensitivity was 0.57 and the specificity
was 0.94 (Figure 1). Within age, disease and comorbidity
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Table 5 Scores and outcomes of case and control
patientsa
Case patients, n (%)

Control patients, n (%)

0

7 (1.02%)

175 (12.61%)

1

21 (3.06%)

324 (23.34%)

2
3

36 (5.25%)
38 (5.54%)

294 (21.11%)
185 (13.33%)
131 (9.44%)

Score

4

42 (6.12%)

5

44 (6.41%)

86 (6.20%)

6

57 (8.31%)

75 (5.40%)

7

47 (6.85%)

44 (3.17%)

8

47 (6.85%)

28 (2.02%)

9

55 (8.02%)

21 (1.51%)

10
11

56 (8.16%)
44 (6.41%)

10 (0.72%)
5 (0.36%)

12

43 (6.27%)

8 (0.58%)

13

36 (5.25%)

0 (0%)

14

31 (4.52%)

0 (0%)

15

21 (3.06%)

1 (0.07%)

16

22 (3.21%)

2 (0.14%)

17

16 (2.33%)

0 (0%)

18
19

11 (1.60%)
4 (0.58%)

0 (0%)
0 (0%)

20

0 (0%)

0 (0%)

21

1 (0.15%)

0 (0%)

22

1 (0.15%)

0 (0%)

23

1 (0.15%)

0 (0%)

24

1 (0.15%)

0 (0%)

25

0 (0%)

0 (0%)

26

0 (0%)

0 (0%)

a

Maximum Bedside Paediatric Early Warning System scores for the 12 hours
ending one hour before the event in case patients and for 12 hours of data in
control patients.

subgroups, and within each of the four hospitals, the
Bedside PEWS score was able to discriminate case
patients from control patients (Table 2).
Repeated measures analysis showed that the Bedside
PEWS scores increased over the 24 hours before urgent
ICU admission or code blue event from a baseline mean
Bedside PEWS score of 5.3, 20 to 24 hours before clinical deterioration, to 8.4 in the last 4 hours ending at the
code blue event or urgent ICU admission (Figure 2). For
each hour closer to the event, the maximum Bedside
PEWS score was 0.13 units higher (P < 0.0001). When

Table 4 Dates of patient data from each hospitala
Hospital

First patient

Last patient

Hospital for Sick Children, Toronto, ON, Canada

16 March 2004

17 March 2008

Birmingham Children’s Hospital, Birmingham, UK
Stollery Children’s Hospital, Edmonton, AB, Canada

21 August 2004
14 March 2006

17 October 2006
26 April 2008

3 April 2007

7 January 2009

Saint Justine Hospital, Montreal, QC, Canada
a

Dates given are the earliest and latest dates that patient data were obtained at each hospital.
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Specificity and Sensitivity
1.0

1

2

Maximum BPEWS Score
0

3
4

0.8

5

Sensitivity

6
7

0.6

8
9

0.4

10
11
12

0.2

13
14
15

0.0
0.0

0.2

0.4

0.6

1-Specificity

0.8

1.0

Figure 1 The receiver operating characteristic curve for the
performance of the Bedside Paediatric Early Warning System
score. Data are presented for 2,074 patients who were admitted to
inpatient wards of four university-affiliated paediatric hospitals in a
frequency-matched case-control study with two control patients per
case. Case patients had either an immediate call to a resuscitation
team or were urgently admitted to a paediatric intensive care unit
(PICU) without a call to the resuscitation team. Control patients had
neither. The maximum Bedside Paediatric Early Warning System
score was calculated for the 12 hours ending 1 hour before the
resuscitation team call or urgent PICU admission in case patients
and for 12 hours in control patients.

data from the hour immediately before the event were
included, the AUCROC curve increased to 0.88 (0.87 to
0.90).
One or more risk factors were present in 1,698
patients (81.4%), with a median (IQR) of 2 (1 to 4) risk
factors in case patients and 1 (0 to 2) in control
patients. The number of risk factors was not associated
with the maximum Bedside PEWS score (P = 0.85) in
the 686 case patients. However, in the 1,388 control
patients, an increasing number of risk factors were significantly associated with the maximum Bedside PEWS
score (P < 0.0001). For every additional risk factor, the
predicted value of the maximum Bedside PEWS score
was 0.327 Bedside PEWS score points higher (Figure 3).
There were 1,477 patients (71.2%) with retrospective
nurse ratings describing the 12 hours before the clinical
event. When we evaluated these 438 case patients
(63.8%) and 1,039 control patients (74.8%) using logistic
regression, we found that retrospective nurse ratings
were able to discriminate case from control patients (P
< 0.0001) and that, within the strata of nurse ratings,

Figure 2 Progression of Bedside Paediatric Early Warning
System scores over time preceding clinically relevant events
signifying clinical deterioration. Data are from 686 patients in the
24 hours before their event: either a call for immediate assistance
from a resuscitation team or urgent admission to the paediatric
intensive care unit. The graph represents the mean value of the
maximum Bedside Paediatric Early Warning System (BPEWS) score
from each of the studied patients for the defined four-hour periods.
Repeated measures regression shows that the scores increased as
the event grew nearer (P < 0.0001).

the Bedside PEWS score was higher in case patients
than in control patients (Table 3). The AUCROC curve
(95% CI) for the retrospective nurse ratings was 0.83
(0.81 to 0.86). This statistic was significantly lower (P <
0.0001) than that for the maximum Bedside PEWS
score alone, which was 0.89 (0.88 to 0.91), and was also
significantly lower (P < 0.0001) than the combination of
the maximum Bedside PEWS score and the retrospective nurse ratings combined, which was 0.92 (0.90 to
0.94).

Discussion
We conducted a prospective multicentre validation of
the Bedside PEWS score using a frequency-matched
case-control design. In our study of 2,074 patients at 4
university-affiliated centres, we found that the Bedside
PEWS score was able to identify patients at risk with at
least one hour’s notice. Scores were significantly higher
in children who had either an urgent ICU admission or
a code blue event than in hospitalised children without
events (8 versus 2; P < 0.0001), increased during the
time leading up to clinical deterioration events, and
were independent of the number of risk factors for
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Maximum BPEWS Score

Case
Well

10

Mean BPEWS Score

8
6
4

events per 1,000 patient days, our data suggest that with
a threshold score of 7 there will be 59 false-positives
and 6 true-positives. This corresponds to a positive predictive value of 9%. This rate seems reasonable, given
that cardiopulmonary arrest in patients cared for in hospital inpatient units is associated with high mortality
and acquired neurocognitive injury [8,12-15], as is
urgent admission to the ICU from inpatient units
among patients without cardiopulmonary arrest [25].
Importantly, patients who had low scores in association
with events may be systematically different from other
patients. Improved understanding this subgroup is likely
to improve predictive accuracy.
Comparison with other studies

2
0

0

1

2

3

4

5

6

Number of Risk Factors

7

8

Figure 3 The relationship between the number of risk factors
for near and actual cardiopulmonary arrest and the maximum
Bedside Paediatric Early Warning System (BPEWS) score for the
12 hours ending 1 hour before immediate call to a
resuscitation team or urgent paediatric intensive care unit
admission in 686 case patients and for 12 hours in 1,388
control patients with no events. The maximum BPEWS score was
not related to the number of risk factors in case patients and was
positively associated in control patients (P < 0.0001).

cardiac arrest in case patients. The AUCROC curve was
0.87 (0.85 to 0.89), with scores maintained across age
groups, diagnoses and hospitals (Table 2). Three of
twenty subgroups evaluated had an AUCROC curve <
0.8. All had wide confidence intervals.
The calculated score preceding the event was superior
to the retrospective rating of the frontline nurses who
were providing care to the patients who were scored. A
greater difference might have been found if the ratings
of nurses blinded to patient outcomes had been used.
We were able to calculate the score using all 7 items
during 1,181 hours (5.1%). It is likely that integration of
the score into clinical activities will improve documentation and score performance [24].
Our data suggest that the Bedside PEWS score has the
potential to improve existing systems of care by facilitating the timely identification of children at risk for cardiopulmonary arrest. The reported sensitivity and
specificity data are likely to improve if implementation
of the Bedside PEWS score is associated with the introduction of recommendations for the time of documentation and observation linked to the score. For example, in
a hospital with 10 urgent ICU admissions and code blue

The three other published paediatric scores are from
studies conducted in Brighton, UK [26]; Toronto, ON,
Canada [6,17]; and Cardiff, UK [27]. There are no published multicentre data describing the performance of
these scores, and validation studies have reported small
numbers of patients with adverse outcomes. The validation studies included 51 urgent ICU admissions [28], 16
patients with ‘code blue’ events plus 170 rapid response
team consultations for the Brighton score [29], 16 clinical deterioration events (death, urgent ICU admission)
for the Cardiff score [27] and 87 patients with immediate calls to the resuscitation team for the Toronto score
[17]. The current study included 686 patients with
adverse events.
We found that a Bedside PEWS score of 7 or higher
correctly identified 1,263 of 1,388 control patients. This
specificity of 91% compares favourably with the 93%
specificity found in the initial validation of the Bedside
PEWS score [6], the 95% specificity of the Toronto
score [17], the 90% specificity of the Cardiff score [27]
and the 82% specificity of the Brighton score [28].
In this study, we found that a Bedside PEWS score of
7 identified 439 of 686 case patients with at least one
hour’s notice. This sensitivity of 64% is less than the
82% sensitivity reported in the initial validation of the
Bedside PEWS score [6], less than the 85.5% sensitivity
when a retrospective study design was used for the
Brighton score [29], and similar to the initial validation
studies reporting sensitivities of 70% for the Cardiff
score [27] and 71% for the Brighton score [28].
Despite these similarities, there are several important
differences between our study and the previous validation studies [27-29]. First, the Brighton and Cardiff
score validation studies included data until the time of
event, thus increasing the apparent performance of
these scores [27-29]. Both the Toronto score and the
Bedside PEWS validation studies used data ending one
hour before the event. This approach was used to
ensure that hospital staff had sufficient time to respond
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to the elevated score and to exclude measurement of
data documented during a cardiac or respiratory arrest.
Second, in our study, the score items and the calculated
score were not available to the treating team and thus
could not influence decisions. In both the Brighton and
Cardiff scores, the documentation charts were modified
to better capture the score items and consequently
might have influenced treatment decisions (perhaps
appropriately), thus increasing apparent score performance [27,28]. Third, in the Brighton score validation
studies, charge nurses retrospectively reported scores
after the clinical outcomes of the patients treated on
their ‘shifts’ were known [28] or after senior nurses had
retrospectively abstracted subjective and objective data
in patients with events [29]. This potential reporting
bias might have inflated score performance. Finally,
none of the trigger identification methods has been validated, although each has been used in before-and-after
studies of rapid response team implementation [1,30,31].
Limitations

There are four main limitations of this study. First, the
absolute delineation of ‘sick’ and ‘well’ hospitalised children is challenging. The categorisation of children into
clinical groups reflected a pragmatic decision. Dichotomisation is useful for score validation and may simplify
clinical decision making, but it does not reflect the complex environment and clinical decision making in hospital inpatient units. Our definition of ‘well’ did not
exclude children with complex clinical presentations,
who may have been at significant ongoing risk for
adverse outcomes, and other ‘stable children’ with consistently abnormal vital signs. Inclusion of these children
increases the generalisability of our results and reflects
the challenges of clinical decision making. These children provide the rationale for developing objective measures of the severity of illness, such as the Bedside
PEWS score. Furthermore, the classification of a child
as ‘sick’ on the basis of urgent ICU admission or a code
blue call has limitations. The severity of illness in the
first hours after ICU admission varies [32,33], and the
decision to place an immediate call to a resuscitation
team is complex, subjective and multifactorial [34].
Second, we relied upon observed data rather than specifying the frequency and nature of clinical observations.
The frontline staff who cared for the children studied were
unaware of the Bedside PEWS score and its component
items and thus would not prospectively have known that
their patients were being studied. Ideally, we would have
prospectively obtained complete and identical clinical data
from case and control patients; however, this was not possible, given the ethical and logistical challenges of identifying case patients in advance. The patterns of missing data
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may differ between case and control patients and thus
may have influenced the calculated scores. Of the 23,288
hours studied, only 5.1% had measurements on all 7 items,
indicating that incomplete data were very common.
Third, the patients for whom an immediate call was
made to resuscitation teams may have been systematically different from other patients. These children may
have had either rapid progression of their illness or
underappreciation of an already concerning severity of
illness, or both. These patients are the most challenging
to identify prospectively. The lower scores found in
patients who had a code blue event may reflect differences in patient monitoring or provider expectations.
Prospective scoring of all patients using a standardised
approach is required to resolve this question. Retrospective observational studies and studies of early intervention suggest that these adverse outcomes, including inhospital cardiopulmonary arrest, are preventable
[16,35-40]. Evaluation of the clinical impact of the
implementation of the Bedside PEWS score is required
to assess this potential.
Fourth, following abstraction, the Bedside PEWS score
was calculated electronically after data collection without knowledge of the frontline nurse or the research
nurse collecting the data. Consequently, we could not
assess the accuracy or reliability of score calculation.
This requires evaluation in future studies.

Conclusions
We performed a multicentre case-control study to validate the Bedside PEWS score. In our evaluation of 2,074
patients, we found that, with at least one hour’s notice,
the Bedside PEWS score could distinguish ‘sick’ from
‘well’ hospitalised patients and that this score increased
during the time leading up to events and was consistently high in case patients independently of the number
of risk factors for near and actual cardiopulmonary
arrest. Together these data suggest that the Bedside
PEWS score can help clinicians to identify children at
risk for near and actual cardiopulmonary arrest. Further
evaluation of the clinical impact of the implementation
of the Bedside PEWS score is required to assess its
potential.
Key messages
• Evaluation of clinical data from 2,074 patients in
four paediatric hospitals showed that the Bedside
PEWS score could identify children at risk of cardiac
arrest with at least one hour’s notice.
• After inclusion of the data from the hour immediately before near or actual cardiopulmonary arrest
events, the AUCROC (95% CI) curve increased from
0.87 (0.85 to 0.89) to 0.88 (0.87 to 0.90).
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• Bedside PEWS reflected evolving critical illness.
Scores increased over the 24 hours before near or
actual cardiopulmonary arrest events.
• The retrospective opinion of nurses caring for the
patients studied was inferior to the Bedside PEWS
score (P < 0.0001).
• Evaluation of the effect of the Bedside PEWS score
on important clinical outcomes is required.
Abbreviations
AUCROC: area under the receiver operating characteristic curve; Bedside
PEWS: Bedside Paediatric Early Warning System.
Acknowledgements
This work was in part supported by funds from the Heart and Stroke
Foundation and the Centre for Safety Research at the Hospital for Sick
Children. CSP is a career scientist at the Ontario Ministry of Health and
Long-Term Care and recipient of an Early Researcher Award from the
Ontario Ministry of Research and Innovation.
Author details
1
Department of Critical Care Medicine, Hospital for Sick Children, 555
University Avenue, Toronto, ON, M5G 1X8, Canada. 2Child Health Evaluative
Sciences Program of The Research Institute, Hospital for Sick Children, 555
University Avenue, Toronto, ON, M5G 1X8, Canada. 3Centre for Safety
Research, Hospital for Sick Children, 555 University Avenue, Toronto, ON,
M5G 1X8, Canada. 4Department of Paediatrics, University of Toronto, 555
University Avenue, Toronto, ON, M5G 1X8, Canada. 5Department of Health
Policy, Management and Evaluation, University of Toronto, 155 College
Street, Toronto, ON, M5T 3M7, Canada. 6Institute of Medical Science, 7213
Medical Sciences Building, 1 King’s College Circle, University of Toronto,
Toronto, ON, M5S 1A8, Canada. 7Interdepartmental Division of Critical Care
Medicine, University of Toronto, 1 Kings College Circle, Toronto, ON, M5S
1A8, Canada. 8Centre for Patient Safety, University of Toronto, 525 University
Avenue, Toronto, ON, M5G 1X8, Canada. 9Department of Paediatric Intensive
Care, Birmingham Children’s Hospital, Steelhouse Lane, Birmingham, B4 6NH,
UK. 10Department of Pediatrics, University of Alberta, 8440 112 Street,
Edmonton, AB, T6G 2B7, Canada. 11Department of Pediatrics, Stollery
Children’s Hospital, 8440 112 Street, Edmonton, AB, T6G 2B7, Canada.
12
Department of Pediatrics, CHU Sainte-Justine, 3175 Chemin de la CôteSainte-Catherine, Montréal, QC, H3T 1C5, Canada. 13Neurosciences and
Mental Health Program of The Research Institute, Hospital for Sick Children,
555 University Avenue, Toronto, ON, M5G 1X8, Canada. 14Department of
Paediatrics, University of British Columbia, 4480 Oak Street, Vancouver, BC,
V6H 3V4, Canada. 15Program in Population Genomics, Department of Clinical
Epidemiology & Biostatistics, McMaster University, 1280 Main Street West,
Hamilton, ON, L8S 4K1, Canada. 16Dalla Lana School of Public Health,
University of Toronto, 155 College Street, Toronto, ON, M5T 3M7, Canada.
Authors’ contributions
CSP conceived of the study, contributed to its design, oversaw data
acquisition, contributed to data analysis, wrote the initial draft of the
manuscript and contributed to subsequent manuscript revisions. HPD, ARJ,
CAF, JRL, KLM and JSH each contributed to the design of the study,
contributed to data acquisition at their respective hospitals and contributed
to manuscript revisions. PCP and DW contributed to the study design and
manuscript revisions. JB contributed to the study design and analysis. NB
contributed to study analysis and manuscript revisions. All authors read and
approved the final manuscript.
Competing interests
CSP and KM are the named inventors of the Bedside Paediatric Early
Warning System. US and European patents are pending. As of April 2011,
CSP and KM owned stock in Bedside Clinical Systems, a Clinical Decision
Support company. The activities of this company include development of an
electronic form of the Bedside Paediatric Early Warning System, of which the
Bedside PEWS score is a component.

Page 9 of 10

Received: 8 January 2011 Revised: 28 April 2011
Accepted: 30 June 2011 Published: 3 August 2011
References
1. Sharek PJ, Parast LM, Leong K, Coombs J, Earnest K, Sullivan J, Frankel LR,
Roth SJ: Effect of a rapid response team on hospital-wide mortality and
code rates outside the ICU in a children’s hospital. JAMA 2007,
298:2267-2274.
2. Buist MD, Moore GE, Bernard SA, Waxman BP, Anderson JN, Nguyen TV:
Effects of a medical emergency team on reduction of incidence of and
mortality from unexpected cardiac arrests in hospital: preliminary study.
BMJ 2002, 324:387-390.
3. Carcillo JA, Davis AL, Zaritsky A: Role of early fluid resuscitation in
pediatric septic shock. JAMA 1991, 266:1242-1245.
4. Han YY, Carcillo JA, Dragotta MA, Bills DM, Watson RS, Westerman ME,
Orr RA: Early reversal of pediatric-neonatal septic shock by community
physicians is associated with improved outcome. Pediatrics 2003,
112:793-799.
5. Hillman K, Chen J, Cretikos M, Bellomo R, Brown D, Doig G, Finfer S,
Flabouris A: Introduction of the medical emergency team (MET) system:
a cluster-randomised controlled trial. Lancet 2005, 365:2091-2097.
6. Parshuram CS, Hutchison J, Middaugh K: Development and initial
validation of the Bedside Paediatric Early Warning System score. Crit
Care 2009, 13:R135.
7. Suominen P, Olkkola KT, Voipio V, Korpela R, Palo R, Räsänen J: Utstein style
reporting of in-hospital paediatric cardiopulmonary resuscitation.
Resuscitation 2000, 45:17-25.
8. Reis AG, Nadkarni V, Perondi MB, Grisi S, Berg RA: A prospective
investigation into the epidemiology of in-hospital pediatric
cardiopulmonary resuscitation using the international Utstein reporting
style. Pediatrics 2002, 109:200-209.
9. Tibballs J, Kinney S, Duke T, Oakley E, Hennessy M: Reduction of paediatric
in-patient cardiac arrest and death with a medical emergency team:
preliminary results. Arch Dis Child 2005, 90:1148-1152.
10. Nadkarni VM, Larkin GL, Peberdy MA, Carey SM, Kaye W, Mancini ME,
Nichol G, Lane-Truitt T, Potts J, Ornato JP, Berg RA: First documented
rhythm and clinical outcome from in-hospital cardiac arrest among
children and adults. JAMA 2006, 295:50-57.
11. Bloom AA, Wright JA, Morris RD, Campbell RM, Krawiecki NS: Additive
impact of in-hospital cardiac arrest on the functioning of children with
heart disease. Pediatrics 1997, 99:390-398.
12. Schindler MB, Bohn D, Cox PN, McCrindle BW, Jarvis A, Edmonds J,
Barker G: Outcome of out-of-hospital cardiac or respiratory arrest in
children. N Engl J Med 1996, 335:1473-1479.
13. Gillis J, Dickson D, Rieder M, Steward D, Edmonds J: Results of inpatient
pediatric resuscitation. Crit Care Med 1986, 14:469-471.
14. Lundgren-Nilsson A, Rosén H, Hofgren C, Sunnerhagen KS: The first year
after successful cardiac resuscitation: function, activity, participation and
quality of life. Resuscitation 2005, 66:285-289.
15. Bayer AJ, Ang BC, Pathy MS: Cardiac arrests in a geriatric unit. Age Ageing
1985, 14:271-276.
16. Hodgetts TJ, Kenward G, Vlachonikolis IG, Payne S, Castle N: The
identification of risk factors for cardiac arrest and formulation of
activation criteria to alert a medical emergency team. Resuscitation 2002,
54:125-131.
17. Duncan H, Hutchison J, Parshuram CS: The Pediatric Early Warning System
score: A severity of illness score to predict urgent medical need in
hospitalized children. J Crit Care 2006, 21:271-278.
18. Tume L: The deterioration of children in ward areas in a specialist
children’s hospital. Nurs Crit Care 2007, 12:12-19.
19. Smith GB, Prytherch DR, Schmidt PE, Featherstone PI: Review and
performance evaluation of aggregate weighted ‘track and trigger’
systems. Resuscitation 2008, 77:170-179.
20. Smith GB, Prytherch DR, Schmidt PE, Featherstone PI, Higgins B: A review,
and performance evaluation, of single-parameter “track and trigger”
systems. Resuscitation 2008, 79:11-21.
21. Leteurtre S, Martinot A, Duhamel A, Proulx F, Grandbastien B, Cotting J,
Gottesman R, Joffe A, Pfenninger J, Hubert P, Lacroix J, Leclerc F: Validation
of the paediatric logistic organ dysfunction (PELOD) score: prospective,
observational, multicentre study. Lancet 2003, 362:192-197.

Parshuram et al. Critical Care 2011, 15:R184
http://ccforum.com/content/15/4/R184

Page 10 of 10

22. SAS Institute: Reciever Operating Characteristics Curve Macro. SAS
Institute; Cary, NC; 2008 [http://support.sas.com/kb/25/addl/
fusion25017_5_roc.sas.txt], (last accessed 28 August 2011).
23. DeLong ER, DeLong DM, Clarke-Pearson DL: Comparing the areas under
two or more correlated receiver operating characteristic curves: a
nonparametric approach. Biometrics 1988, 44:837-845.
24. Chen J, Hillman K, Bellomo R, Flabouris A, Finfer S, Cretikos M: The impact
of introducing medical emergency team system on the documentations
of vital signs. Resuscitation 2009, 80:35-43.
25. Odetola FO, Rosenberg AL, Davis M, Clark S, Dechert R, Shanley T: Do
outcomes vary according to the source of admission to the pediatric
intensive care unit. Pediatr Crit Care Med 2008, 9:20-25.
26. Monaghan A: Detecting and managing deterioration in children. Paediatr
Nurs 2005, 17:32-35.
27. Edwards ED, Powell CV, Mason BW, Oliver A: Prospective cohort study to
test the predictability of the Cardiff and Vale paediatric early warning
system. Arch Dis Child 2009, 94:602-606.
28. Tucker KM, Brewer TL, Baker RB, Demeritt B, Vossmeyer MT: Prospective
evaluation of a pediatric inpatient early warning scoring system. J Spec
Pediatr Nurs 2009, 14:79-85.
29. Akre M, Finkelstein M, Erickson M, Liu M, Vanderbilt L, Billman G: Sensitivity
of the Pediatric Early Warning Score to identify patient deterioration.
Pediatrics 2010, 125:e763-e769.
30. Tibballs J, Kinney S: Reduction of hospital mortality and of preventable
cardiac arrest and death on introduction of a pediatric medical
emergency team. Pediatr Crit Care Med 2009, 10:306-312.
31. Hunt EA, Zimmer KP, Rinke ML, Shilkofski NA, Matlin C, Garger C, Dickson C,
Miller MR: Transition from a traditional code team to a medical
emergency team and categorization of cardiopulmonary arrests in a
children’s center. Arch Pediatr Adolesc Med 2008, 162:117-122.
32. Pollack MM, Patel KM, Ruttimann UE: PRISM III: an updated Pediatric Risk
of Mortality score. Crit Care Med 1996, 24:743-752.
33. Slater A, Shann F, Pearson G: PIM2: a revised version of the Paediatric
Index of Mortality. Intensive Care Med 2003, 29:278-285.
34. Dryden-Palmer K: Nursing responses to children with evovling critical
illness. MS thesis University of Victoria, School of Nursing; 2009.
35. Wu AW, Folkman S, McPhee SJ, Lo B: Do house officers learn from their
mistakes? JAMA 1991, 265:2089-2094.
36. Cioffi J: Nurses’ experiences of making decisions to call emergency
assistance to their patients. J Adv Nurs 2000, 32:108-114.
37. Franklin C, Mathew J: Developing strategies to prevent inhospital cardiac
arrest: analyzing responses of physicians and nurses in the hours before
the event. Crit Care Med 1994, 22:244-247.
38. Kause J, Smith G, Prytherch D, Parr M, Flabouris A, Hillman K: A comparison
of antecedents to cardiac arrests, deaths and emergency intensive care
admissions in Australia and New Zealand, and the United Kingdom: the
ACADEMIA study. Resuscitation 2004, 62:275-282.
39. Sax FL, Charlson ME: Medical patients at high risk for catastrophic
deterioration. Crit Care Med 1987, 15:510-515.
40. Schein RM, Hazday N, Pena M, Ruben BH, Sprung CL: Clinical antecedents
to in-hospital cardiopulmonary arrest. Chest 1990, 98:1388-1392.
doi:10.1186/cc10337
Cite this article as: Parshuram et al.: Multicentre validation of the
bedside paediatric early warning system score: a severity of illness
score to detect evolving critical illness in hospitalised children. Critical
Care 2011 15:R184.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

