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ABSTRACT

Objective To prospectively compare the actual weights
of Australian children in an ethnically diverse
metropolitan setting with the predicted weights using
the Paediatric Advanced Weight Prediction in the
Emergency Room (PAWPER) tape, Broselow tape, Mercy
system and calculated weights using the updated
Advanced Paediatric Life Support (APLS), Luscombe and
Owens and Best Guess formulae.

Methods A prospective, cross-sectional, observational,
blinded, convenience study conducted at the Children’s
Hospital at Westmead Paediatric Emergency Department in
Sydney, Australia. Comparisons were made using Bland-
Altman plots, mean difference, limits of agreement and
estimated weight within 10% and 20% of actual weight.
Results 199 patients were enrolled in the study with a
mean actual weight of 27.2 kg (SD 17.2). Length-based
tools, with or without body habitus adjustment,
performed better than age-based formulae. When
measuring estimated weight within 10% of actual
weight, PAWPER performed best with 73%, followed by
Mercy (69%), PAWPER with no adjustment (62%),
Broselow (60%), Best Guess (47%), Luscombe and
Owens (41%) and revised APLS (40%). Mean difference
was similar across all methods ranging from 0.4 kg (0.0,
0.9) for Mercy to —2.2 kg (—3.5, —0.9) for revised
APLS. Limits of agreement were narrower for the length-
based tools (—5.9, 6.8 Mercy; —8.3, 5.6 Broselow;
—9.0, 7.1 PAWPER adjusted; —12.1, 9.2 PAWPER
unadjusted) than the age-based formulae (—18.6, 17.4
Best Guess; —19.4, 15.1 revised APLS, —21.8, 17.7
Luscombe and Owens).

Conclusion In an ethnically diverse population, length-
based methods with or without body habitus
modification are superior to age-based methods for
predicting actual body weight. Body habitus
modifications increase the accuracy and precision slightly.

INTRODUCTION

An accurate weight is pivotal in the resuscitation of
a critically unwell child presenting to an emergency
department.!  In trauma and resuscitation settings
there are limitations in acquiring actual weights
from calibrated scales and parents are often not
present to provide this information. Visual estima-
tion of the child’s weight by healthcare workers is
prone to error.’ Both overestimation and

» The estimation of weight for critically ill
children is essential for safe drug-prescribing
and selecting the correct-sized equipment.

» Many age-based and length-based tools exist.

» Estimation tools may not be accurate with
ethnically diverse or different populations.

» Confirmation that children attending emergency
departments are ethnically diverse.

» Length-based tools, with or without body
habitus adjustment are superior to age-based
formulae.

» The Paediatric Advanced Weight Prediction in
the Emergency Room tape, with body habitus
adjustment, is recommended as a length-based
estimation tool where age is unknown.

underestimation of a child’s weight may lead to
suboptimal medication dosing and related morbid-
ity or mortality.*

The local population to our emergency depart-
ment is ethnically diverse.®> Our concern was that
current weight estimation tools may not correctly
estimate weights of patients who are either larger
or smaller than ‘average’. Age-based tools have been
shown to perform poorly with Pacific Islander,
Maori, Aboriginal and Torres Strait Islanders, South
East Asian, Kenyan and Korean children as well as
those with medical conditions such as Down’s
Syndrome.™'! Even updated tools such as the
‘updated APLS’ from the fifth edition handbook
have been shown to perform worse than the original
tool in Filipino children.'”* '* The Broselow tape is
the standard length-based tool and performs better
than age-based methods; however, there are con-
cerns that this method may still be inaccurate and
that other methods based on body habitus or
mid-arm circumference may be more accurate.® 1 14

We conducted a literature review and identified
two validated, length-based tools, the Paediatric
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Figure 1 Images showing the
demonstration of the Paediatric
Advanced Weight Prediction in the
Emergency Room (PAWPER) tape.

Advanced Weight Prediction in the Emergency Room (PAWPER)
tape (figure 1)"* '® and the Mercy method, that modified
weight estimations using body habitus.'”"”

The aim of this study was to prospectively compare the actual
weights of Australian children in an ethnically diverse metropol-
itan setting with the predicted weights using the PAWPER tape,
Broselow tape, Mercy system and calculated weights using the
updated APLS, Luscombe and Owens and Best Guess
formulae.'? 20 2!

METHODS

Study design and setting

A prospective, cross-sectional, observational, blinded, conveni-
ence study was conducted at the Children’s Hospital at
Westmead Paediatric Emergency Department (PED) in Sydney,
Australia, from January to March 2015. The department has
over 50 000 attendances annually. The study was approved by
the Human Research Ethics Committee of the Sydney
Children’s Hospital Network.

Study participants

The study participants are convenience sample of infants and
children and their siblings, attending the PED during the study
period. Patients eligible for inclusion were those aged 0-14
years who already had care initiated by a doctor or nurse practi-
tioner. Appropriate verbal permission was obtained from
parents and patients, where applicable, using a standardised
information sheet. Exclusion criteria were children: aged
>135 years, requiring acute resuscitation, known or thought to
be pregnant, with suspected or apparent limb deformities or
who are unable to be positioned for the actual weight estima-
tion. Uncooperative younger children were also excluded, even
if parents consented.

Data collection and study protocol
Eligible patients were enrolled when two trained data collectors
were available. Data were collected by three doctors and four

nurses in the PED who had been trained in the use of the

weight estimation tools. The two investigators were blinded to
each other’s measurements, with one measuring the actual
weight of the child and the second estimating the weight using
the three tools. Aged-based calculations of weight were calcu-
lated at the data analysis stage using the following formulae.

The updated APLS weight was computed as follows for ages
0-12 years:

» Infants 0-12 months: weight (kg)=(0.5 Xage in months)+4
» Children 1-5 years: weight (kg)=(2Xage in years)+8
» Children 6-12 years: weight (kg)=(3 Xage in years)+7

Luscombe and Owens was computed as follows for ages
1-14 years: weight (kg)=(3 xXage)+7

Best Guess weight was computed as follows:

» Infants 1-11 months: weight (kg)=(age in months+9)/2
» Children 14 years: weight (kg)=2X (age+35)
» Children 5-14 years: weight (kg)=4xage

In addition to the standard demographics of age and sex,
parents were asked to verbally define their ethnicity.

Actual weight was measured with the patient in light clothing,
defined as one layer of clothes, on a digital scale to the nearest
0.1kg, with heavy outer clothing and shoes removed.
Calibrated scales were used for patients capable of standing
(AND HV-150 KA1, Colonial weighing, Campbellfield,
Australia) and a supine scale for infants (SECA Mod 727,
Hamburg, Germany).

The second investigator (blinded to age and actual weight)
first estimated patient body habitus according to the PAWPER
method described in table 1 and assigned a habitus score. They
then estimated the patients’ weight using the Broselow
Paediatric Emergency Tape (2007, Edition B, Armstrong
Medical Industries, Illinois, USA), PAWPER tape followed by
mid-arm circumference and mid-humeral length for the Mercy
tape, according to the designers instructions.'® >*

The primary outcome was the estimated weight for each of
the estimation tools compared with actual weight. Secondary
outcomes were demographic information.
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Table 1 Body habitus scoring of PAWPER tape

Habitus score Patient characteristic

Very thin, somewhat wasted or tiny frame
Thin, petite, slim or small frame

Average body fat and frame size

Heavy, chubby, overweight or large frame
Fat, significantly overweight or obese

U s W N =

PAWPER, Paediatric Advanced Weight Prediction in the Emergency Room.

Data analysis

Data were analysed using SPSS (V.21.0; IBM, USA). For each
child, estimated weight was calculated from age or length for
each reported weight estimation method and was summarised
by age group. Percentage weight was computed as estimated
weight divided by measured weight and multiplied by 100. This
was used to assess the number of children whose percentage
weight was within 10% and 20%, which is in the range —10%
to 10% and —20% to 20%.

Level of agreement was determined by applying the
Bland-Altman approach, with plots modified for the x axis as
described by Krouwer.”*>° Mean difference (estimated weight-
actual weight) was calculated with respective 95% limits of
agreement and 95% ClIs around each of these values.
Bland-Altman plots were performed to allow visual comparison
of the different methods. Accuracy refers to the mean difference
and precision to the limits of agreement as described by
Cecconi et al.*®

Following the recommendations of Bland a sample size of
200 was chosen to provide 95% Cls of +0.24X the SD of the
differences between measurements by the two methods.”” A
sensitivity analysis was obtained on the overall data, removing
the contribution of children aged 11-14 years, to determine the
influence of the smaller numbers of patients able to be measured
by the length-based tapes in this age group.

Results

A total of 199 patients were enrolled, with a mean actual weight
of 27.2kg (SD 17.2). No patients were excluded after enrol-
ment. A total of 109 patients (54%) were male. There were 170
patients whose length was within the range of the PAWPER tape
and 160 patients whose length was within the range of the
Broselow tape. Table 2 describes the mean weight by age, with
numbers of patients in each age bracket. Self-reported ethnicity
is described in table 3.

The results of the mean difference, limits of agreement and
percentage within 10% and 20% are shown in table 4. The
Bland-Altman plots are shown in figure 2. Overall, the age-based
methods performed worse than the length and body habitus
methods, with aged-based tools having 40.4%-47.2% of esti-
mated weights within 10% of actual, compared with 60%-
72.9% for the others. Likewise, although the mean difference
for all methods was quite similar, the limits of agreement were
narrower for the length-based and habitus-based methods
making them more precise.

Of the age-based prediction tools, Best Guess was the most
accurate, although all three methods produced similar results.
The Mercy method was the most accurate with an overall mean
difference of only 0.4 kg; it was the most precise and had 69%
of estimated weights within 10% of actual weight. The
PAWPER tape with body habitus adjustment performed better

Table 2 Results—mean weight by age

Weight (kg)
Age (years) No. Median (IQ range)
0 18 5(1.9)
1 14 12.2 (1 .9)
2 18 14.0 3.7)
3 16 15.1 3.2)
4 16 175 (4.3)
5 14 20.5 (4.5)
6 1 24.1 (10.6)
7 15 26.2 (7.9)
8 20 31.2 (3.1)
9 9 36.0 (11.8)
10 13 37.7 (14.2)
1 7 38.7 (41.0)
12 12 43.6 (14.0)
13 1 53.0 (20.0)
14 5 50.5 (17.3)

Table 3  Self-reported ethnicity

Parent-identified ethnic group Total no. (%)

Anglo-Saxon 65 (32.7%)
Asian 31 (15.6%)
Middle Eastern 30 (15.1%)
Indian Subcontinent 9 (9.5%)
African 1 (5.5%)
Pacific Islander 9 (4.5%)
Aboriginal or Torres Strait Islander 8 (4.0%)
Mediterranean 4 (2.0%)
Hispanic 2 (1.0%)
Mixed 20 (10.0%)

than with no adjustment and is overall almost as accurate as
Mercy with a mean difference of —1.0 kg and has the highest
estimated weights within 10% of actual weight (72.9%). A sen-
sitivity analysis, excluding those patients aged 11-14 years,
showed PAWPER tape to be the most precise tool, although the
limits of agreement improved across all methods.

DISCUSSION

This study has demonstrated that for patients unable to be
weighed in an ethnically diverse PED, the length-based and
body habitus-based tools perform better than age-based tools.
Overall, the length-based tools had much narrower limits of
agreement and were therefore more precise. With the age-based
tools, there was very little difference between limits of agree-
ment or mean difference, suggesting similar accuracy and preci-
sion. With the length-based tools, the accuracy and precision
was similar also. The Mercy system was more accurate in chil-
dren within age group 6-10 and 11-14 years. For the age group
of 11-14 years, the mean difference of —0.1 kg, the narrow
95% CIs of —=2.0 to 1.8, and the relatively narrow limits of
agreement of —11 to 10.9 contrast with the other methods and
show its utility in the older aged children who have wider
weight distributions.
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Table 4 Comparison of each method from child’s actual weight and estimated weights

Age group
PAWPER tape

No.

<1year
18

1-5 years
78

6-10 years
64

11-14 years
10

Overall
170

Overall excluding
11-14 years group
160

No habitus

Limits of agreement (95% Cls)

Mean difference (kg)*
% within 10%
% within 20%

—2.0 (2.7 to —1.3)
1.5(0.8 t0 2.2)
—0.3(-0.7 10 0.2)
61.1%

88.9%

—4.3 (=5.1 to —3.6)
3.6 (2.8t043)
—0.4 (0.9 10 0.1)
74.4%

91.0%

-11.2 (-13.2 t0 -9.2)
7.4 (5.3 10 9.4)

—1.9 (-3.1 to —-0.8)
50.0%

84.4%

—41.9 (-60.0 to —23.9)
24.0 (5.9 to 42.0)

—9.0 (-21.0 to 3.1)
50.0%

70.0%

—12.1 (-13.5 to —10.7)
9.2 (7.8 to 10.6)
—1.5(-2.3 to —0.6)
62.4%

87.1%

—7.7 (-8.6 to —6.7)
5.7 (4.8 10 6.6)
—1.0 (1.5 to —0.5)
63.1%

88.1%

PAWPER tape

No.

18

78

64

10

170

160

Habitus

Limits of agreement (95% Cls)

Mean difference (kg)*

—0.9 (1.4 to -0.3)
2.0 (1.4 to 2.5)
0.5 (0.2 t0 0.9)

—2.8 (3.6 to —2.3)
2.5(2.0t0 3.1)
—0.2 (0.5 10 0.2)

—7.3 (-85 to —6.0)
43 (3.0 to 5.5)
—1.5(-2.2 to -0.8)

—33.8 (—48.6 to —19.0)
20.3 (5.9 to 42.0)
—6.8 (-16.6 to 3.1)

—9.0 (-10.1 to —8.0)
7.1 (6.0 to 8.2)
—1.0 (1.6 to —0.3)

—5.0 (-5.6 to —4.4)
3.8 (3.2t04.4)
—0.6 (1.0 to —0.3)

% within 10% 55.6% 80.8% 70.3% 60.0% 72.9% 73.8%
% within 20% 94.4% 100.0% 95.3% 80.0% 96.5% 97.5%
APLS revised No. 18 78 68 19 183 164

Limits of agreement (95% Cls)

Mean difference (kg)*
% within 10%

—3.0 (-3.9 to —-2.1)
1.6 (0.6 to 2.5)

—0.7 (-1.3 t0 -0.2)
44.4%

—7.6 (8.7 to —6.6)
3.4 (2.3 t0 4.5)

—2.1 (=2.7 to —1.5)
35.9%

—17.2 (-20.6 to —13.9)
14.8 (11.4 to 18.1)

-1.2(-3.2100.8)
47.1%

—49.5 (-66.3 to —32.7)
35.2 (18.4 to 52.0)

—7.1 (=17.6 t0 3.3)
31.6%

—19.4 (-21.6 to —17.2)
15.1(12.9 to 17.3)

—2.2 (3.5 t0 —0.9)
40.4%

—12.6 (-14.1 to —11.1)
9.4 (7.9 t0 10.9)

—1.6 (2.5 to —0.7)
41.5%

% within 20% 77.8% 71.8% 73.5% 63.2% 72.1% 73.2%
Luscombe and Owens No. - 78 68 35 181 146
Limits of agreement (95% Cls) - —6.4 (7.6 to —5.2) —17.2 (-20.6 to —13.9) —43.9 (-=54.5 to —33.4) —21.8 (-24.3 to —19.3) —12.5 (-14.2 to —11.1)
6.1 (4.91t07.3) 14.8 (11.4 to 18.1) 28.1 (17.5 to 38.6) 17.7 (15.2 t0 20.2) 11.2 (9.5 to 12.9)
Mean difference (kg)* - —0.1 (—0.9 to 0.6) —1.2 (-3.2 t0 0.8) —7.9 (-14.2 to —1.6) —2.1 (3.5 to —0.6) —0.6 (1.6 t0 0.3)
% within 10% - 38.5% 47.1% 37.1% 41.4% 42.5%
% within 20% - 69.2% 73.5% 60.0% 69.1% 71.2%
Best Guess No. 18 78 68 35 199 164
Limits of agreement (95% Cls) —2.5(-3.4 to —1.6) —5.6 (—6.7 to —4.6) —15.9 (=19.2 to —12.6) —38.7 (—49.3 to —28.1) —18.6 (—20.8 to —16.4) —10.9 (=12.4 to —9.5)
2.1 (1.1 t0 3.0) 5.4 (4.3 t0 6.5) 15.4 (12.1 to 18.7) 33.6 (23.0 to 44.2) 17.4 (15.2 to 19.6) 10.6 (9.1 to 12.0)
Mean difference (kg)* —0.2 (-0.810 0.3) —0.1 (0.8 t0 0.5) —03(-2.21t01.7) —2.5(-8.9103.8) —0.6 (-<1.91t00.7) —0.2 (-1.0t0 0.7)
% within 10% 61.1% 51.3% 47.1% 31.4% 47.2% 50.6%
% within 20% 72.2% 74.4% 69.1% 57.1% 69.3% 72.0%
Broselow No. 18 77 60 5 160 155

Limits of agreement (95% Cls)

Mean difference (kg)*
% within 10%
% within 20%

—2.3(-3.0to —-1.5)
1.3 (0.6 to 2.1)

—0.5 (=0.9 to 0.0)
50.0%
83.3%

—3.9 (-4.6 to —3.3)
26 (2.0 t0 3.3)

—0.7 (1.0 to —0.3)
72.7%
90.9%

—11.4 (=135 t0 =9.3)
7.1 (5.0 to 9.1)

-2.2 (3.4 to -1.0)
48.3%
85.0%

—22.2 (-36.1 to —8.2)
13.9 (0.1 to 27.8)

—4.1 (-15.6 to 7.3)
40.0%
80.0%

—8.3(-9.2 to —7.3)
5.6 (4.7 to0 6.6)

—1.3 (=19 to —0.8)
60.0%
87.5%

—7.6 (-85 to —6.7)
5.1 (4.3 0 6.0)

-1.2 (-1.7 to -0.7)
60.6%
87.7%

Continued



Table 4 Continued

Overall excluding
11-14 years group

160

Overall
170

11-14 years

10

6-10 years

64

1-5 years

78

<1 year
18

Age group

No.

PAWPER tape

164

199

35

68

78

18

No.

Mercy

—4.3 (=5.0 to -3.7)

5.4 (4.7 10 6.0)

—5.9 (-6.7 to =5.1)

6.8 (6.0 to 7.5)

—11.0 (-14.2 to -7.8)

—6.3 (7.7 to —4.9)
10.9 (7.7 to 14.1)

-2.5(-3.1 to —1.9)

—1.5 (=23 to —0.6)

2.8 (2.0t03.7)

Limits of agreement (95% Cls)

(5.8 to 8.6)
0.5 (0.4 t0 1.3)
72.1%
98.5%

7.2

(3.0 to 4.2)
0.6 (0.2 to 0.90)

3.6
69.2%
93.6%

0.5 (0.1 t0 0.9)

70.1%
95.1%

0.4 (0.0 to 0.9)

69.3%
94.5%

—0.1(-2.0t0 1.8)

65.7%
91.4%

0.7 (0.1 t0 1.2)

66.7%
88.9%

Mean difference (kg)*

% within 10%

% within 20%
*Mean difference shown as mean difference of estimation-actual weight with 95% Cls.

PAWPER, Paediatric Advanced Weight Prediction in the Emergency Room.

Using estimated weight within 10% of actual weight as a com-
parison, the PAWPER tape with adjustment performed best with
73% overall within 109, consistent with previous studies.” '”
Some authors have rated this measure as the primary method
for comparing weight estimations.”® In a study by Garcia et al,
PAWPER performed less well with only 64% within 10% and
the authors stated that education of evaluators on the definition
of body habitus may have been a factor.'® This may also be why
in the under-12-month category in this study the PAWPER with
adjustment tool has a lower percentage within 10% than the
unadjusted PAWPER estimates (56% vs 61%). Further research
is required to determine the factors that influence body habitus
score allocation, such as patient position, as well as conscious
and unconscious biases.

Since the completion of the study, the APLS sixth edition
handbook has been released and it is interesting that they have
reverted back to tabulated estimates with more age points. This
may reflect the previous literature and the results of this study
showing that age-based formulae poorly estimate actual
weight.” ? 22 30

A recent systematic review by Young and Korotzer*® con-
cluded that age-based and length-based methods without
habitus adjustment tended to predict ideal body weight.
Although beyond the scope of this paper, clinicians need to con-
sider whether an actual or ideal estimate of weight is required as
some drugs may be optimally administered at ideal body
weight.?!

When comparing the length and habitus tools, the Broselow
tape has an advantage of providing a whole ecosystem of pre-
selected drugs and equipment, which may be an advantage in an
emergency. This may offset the slightly inferior results, although
up to 60% of patients may be misclassified by colour band
resulting in inappropriate drug doses or equipment choice.*?
The Mercy tape performed well in this study and had the
advantage of not being limited by patient length and therefore
able to estimate in all patients. The study investigators used the
tool in the way described by the designers.'” However, this
method of using the tool with the patient upright and the arm
hanging down is not appropriate in a trauma patient who is
supine. The posterior border of the acromion process can be
difficult to access in this position. Further research is required
to validate the use of this tool in supine patients and to deter-
mine if this high degree of accuracy and precision is
maintained.

The self-reported ethnicity described in table 4 is consistent
with the local population and we feel that the 199 patients were
a representative sample of those attending the PED, although
our local population may not be representative of other popula-
tions. Another limitation of the study could be the influence of
the smaller numbers of older children and their influence on the
overall results; however, the sensitivity analysis failed to show a
difference. Study investigators may have had different percep-
tions of normal and abnormal body habitus which may have
influenced the results of the PAWPER tape. This study was a con-
venience study and this sampling method could have introduced
bias into the sample chosen for inclusion as could the method of
only using the trained investigators to perform the measurements.
Further studies may be required with larger numbers of investiga-
tors to determine the degree of intra-observer and inter-observer
variability with the new tools.

CONCLUSION
In an ethnically diverse population, length-based methods, with
or without body habitus modification, are superior to age-based

O'Leary F, et al. Arch Dis Child 2017;102:46-52. doi:10.1136/archdischild-2016-310917



Original article

40

230 4

-40

(no habitus modification) (kg)

-50 4

Estimated Pawper weight - actual weight

-60 4

0 10 20 30 40 50 60 70 80 20 100 110
Actual weight (kg)

weight (kg)

Estimated APLS revised weight - actual

0 10 20 30 40 50 60 70 80 90 100 110

Actual weight (kg)

Estimated Broselow weight - actual weight (kg)

-70 T T T T T T T T T T
0 10 20 30 40 50 60 70 80 920 100 110

Actual weight (kg)

Estimated Mercy weight - actual weight (kg)
o

-70 T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 110

Actual weight (kg)

40

-20

-30

-40

(habitus score applied) (kg)

-50

Estimated Pawper weight - actual weight

-60

-70 T T T T T T T T T T
[ 10 20 30 40 50 60 70 80 90 100 110

El

=<

= 304 o

2

(]

3

T

2

3]

®

'

b=

2

: °8

> 20

@a o °

o o

3 30 4 5
[0} o ©

% 40 |

@ o
3 -50

_g -60 | o
k7

w -70 T T T T T T T T T T

O 10 20 30 40 50 60 70 8 9 100 110
Actual weight (kg)

-30 o

- actual weight (kg)

40 A

-50 =

Estimated Luscombe _and Owens weight

-60

-70 T T T T T T T T T T
0 10 20 30 40 50 60 70 80 9 100 110

Actual weight (kg)

Figure 2 Bland-Altman plots showing predicted versus actual weight for each weight estimation method. Continuous line represents the mean

difference and dashed line represents the limits of agreement.

methods for predicting actual body weight. Body habitus modi-
fications increase the accuracy and precision slightly. Balancing
estimated weight results with ease of use, the PAWPER tape
with body habitus adjustment is recommended overall. Where a
patient is too tall for PAWPER and their age is unknown, then
Mercy should be used.
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