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Background and Objective:Weight estimation for pediatric resuscitation occurs frequently in emergency de-
partments. Historically, different approaches to estimation have been studiedwith varied results.With increasing
obesity rates among inner-city children, this study aims to determine the bestmethod for pediatricweight estima-
tion in our population.

Methods: This is a prospective, nonblinded, observational study. A total of 324 patients (aged 1month to 12 years)
were enrolled in the study to exceed sample size calculations. The accuracy of 4 methods for weight
estimation—the Broselow tape, advanced pediatric life support formulas, the PAWPER tape, andmid-arm circum-
ference formula—were compared across age ranges and body sizes to determine themost appropriate method for
our population.
Results: In this inner-city population, 32% of the patients 2 to 12 years of agewere found to be overweight or obese.
This rate increased to 41% for patients 6 to 12 years of age. In this setting, the PAWPER tape outperformed the other
3 methods, estimating patients' weight within ±5% of actual weight in 35.2% of our cohort. When comparedwith
the other 3 methods tested, the PAWPER tape was statistically superior with a P value less than .02 in each case.
Conclusion: Each of the methods tested in our population performed poorly. Current methods for weight estima-
tion should be usedwith caution, especially for populationswith an increased prevalence of obesity. Efforts should
be dedicated to improving or deriving new methods for weight estimation that perform better in this vulnerable
population.

© 2015 Elsevier Inc. All rights reserved.
1. Introduction

In pediatric resuscitation, knowing the child's weight is essential for
lifesaving interventions such as estimating medication dosages, joules
for defibrillation, and the size of airway equipment. Historically,
methods for weight estimation have fallen into 2 categories: formula-
tions based on length (ie, the Broselow tape) or age (ie, advanced pedia-
tric life support [APLS] formula) [1–3]. Recent studies have shown these
ovided by Miami Clinical and
dvancing Translational Services

vided was paid for via National
UL1TR000460).
mic Societies Annual Meeting.

epartment, Jackson Memorial
.: +1 305 585 7050.
, Robpeterson61@gmail.com

iatric Emergency Department,
Miami, FL 33166. Tel.: +1 305
time-honored proxies for weight to be more fallible, with obesity the
likely cause of inaccuracy [4–7]. For inner-city populations, especially
among racial/ethnic minorities who are more obese than their white,
non-Hispanic peers, this can lead to suboptimal emergent care [8,9]. In
response to this problem, traditional approaches have been modified
and new methods derived for pediatric weight estimation [4,7,10,11].

A promisingmethod forweight approximation is a formula based on
mid-arm circumference (MAC)measurement [11]. In the past, MAC has
been used as a tool to gauge nutritional status in developing parts of the
world [12]. New formulas aim to incorporate MAC alone or MAC in
conjunction with humoral length or knee height to estimate weight
[10,11,13]. Recent studies have demonstrated the equity of MAC alone
with the traditional standard length-based weight estimation in certain
populations and the superiority of MAC plus humoral length [10,11].

Separate from MAC, a group from South Africa developed a length-
based, habitus-modified weight estimation system called the PAWPER
(formal name, not an abbreviation) tape [4]. This tool is rooted in the
traditional length-based approach but incorporates a 5-point body
habitus scoring system to better estimate patients' weights. During
assessment by the developers, the PAWPER tape outperformed the
Broselow tape in both accuracy and precision in a cohort of South
African children at 2 hospitals [4].
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Referenced from source #4.

Fig. 1. The pediatric advanced weight prediction in the emergency department tape [4].
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The aim of this study is to compare 4 methods of weight estimation
in our inner-city population with elevated levels of obesity. The 4
methods are a formula based on MAC, the PAWPER tape, the Broselow
tape, and the updated APLS formulas. To our knowledge, no study
has compared these 4 methods and very few weight estimation
studies have been done among inner-city pediatric populations in the
United States.
2. Methods

2.1. Design

The studywas conducted as a prospective, nonblinded, observation-
al study at a single institution in an inner-city, pediatric emergency
department in theUnited States. A single investigator recruited a conve-
nience sample of 324 patients. Consent was obtained from all parents
and assent for all children older than 8 years. The institutional review
board at Jackson Memorial Hospital and the University of Miami
approved this study.
2.2. Inclusion criteria

Patients aged 1 month to 12 years were approached for enrollment
during a variety of day and night shifts. Children presenting with
chronic medical problems except mild to moderate asthma were
excluded from enrollment (ie, sickle cell, nephrotic syndrome, malig-
nancy, short gut syndrome, cerebral palsy, etc). Critically ill children re-
quiring immediate attention were excluded.

Study inclusion criteria included minimum and maximum length
measurements. This was necessary so that a weight could be derived
for both length-based systems. The Broselow tape is the shorter of
the 2 methods and accommodates children between 46 and 143 cm.
Patients outside this range were excluded.
Table 1
Study population characteristics

Age Average
height (cm)

Average
weight (kg)

Average body
mass index (kg/m2)

Average APLS
formula estim

0-1 y 62.2 7.5 18.8 6.8
1-5 y 97.6 15.9 16.5 13.6
6-12 y 128.0 29.8 18.0 29.8
0-12 y 99.5 18.3 17.4 17.0
Overweight 106.5 22.8 16.5 20.7
Obese 121.9 22.5 22.5 23.7
2.3. Methods for obtaining actual values

Actual weights were obtained during intake by an emergency medical
technician or a registered nurse. Children were clothed and weighed on a
Health-o-Meter: PELSTAR, LLC, McCook, IL 500KL Medical Scale. If the pa-
tient could not stand, theywereweighed on a Befour: Befour Inc, Saukville,
Wi MX02 Neonatal Scale. These measurements were documented in
kilograms. For children able to stand, they were measured with the
Health-o-Meter scale. Infants unable to standweremeasuredwithaGrafco:
Grahm-Field HEALTH PRODUCTS, INC., Atlanta, GA Paper Infant Measuring
Tape. Heights and lengths were documented in centimeters.

TheMACwasmeasuredwith the child's right arm relaxed and elbow
at 90° of flexion. The midpoint between the olecranon and acromion
processes was identified and marked. The arm circumference was
measured at this point, making sure the tape was flat against the arm
without pinching the underlying skin.

2.4. Methods for estimation

For the APLS formula, an age-based formula for weight estimation,
we used the following formulas [3]:

• Infants 0 to 12months of age:weight (kg)= (0.5 × age inmonths)+4
• Children 1 to 5 years of age: weight (kg) = (2 × age in years) + 8
• Children 6 to 12 years of age: weight (kg) = (3 × age in years) + 7

Weight estimation based on MAC was done with the previously
derived formula [11]:

Weight kgð Þ ¼ MAC cmð Þ–10½ � � 3

For the Broselow tape, the patient's height was used to extrapolate
where they would plot on the tape.

For the PAWPER tape, the patient's height was used to extrapolate
where they would plot on the tape and the body habitus estimation
ation
Average PAWPER
tape estimation

Average Broselow
tape estimation

Average
MAC estimation

% Male

6.6 6.1 15.1 54
15.5 15.2 20.9 54
27.4 26.8 31.1 51
17.2 16.8 22.8 52
20.8 20.1 26.8 38
27.1 24.7 39.1 40



Table 2
Obesity rates in study cohort

Age % Overweight % Obese Total overweight and obese

2-5 y (n = 116) 12% (n = 14) [15%)] 12% (n = 14) [8%] 28% [23%]
6-12 y (n-96) 22% (n = 21) [16%] 19% (n = 18) [18%] 41% [34%]
2-12 y (n = 212) 17% (n = 35) 15% (n = 32) 32%

Values in brackets (in percent) indicate US national averages [8]
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was made by a single pediatric emergency medicine–trained physician
(see picture reference 1 [Fig. 1]).

3. Statistical analyses

The sample size was calculated assuming an effect difference of 11.4%
and independent proportions for comparison using a Fisher exact test. The
calculated sample size needed to detect statistical significance at a value of
P b .05was 322 patients. This testwas chosen overMcNemar test for paired
proportions, as the data set did not fulfill all of the necessary components to
use McNemar test. However, because of the paired nature of the data,
McNemar test would be expected to give a smaller required sample size.
Thus, using Fisher exact test does not reduce the power of the study.

To determine statistical differences between the 4 methods' ability
to accurately estimate actual weight, defined as within 10% (±5%) of
the actual weight, pairwise McNemar tests for paired proportions
were performed and Bonferroni correction was applied to adjust for
type I error rate. All statistical tests were performed in SAS version 9.3
(SAS Institute, Cary, NC) assuming a type I error rate of 0.05. This infor-
mationwas calculated in collaborationwith the Division of Biostatistics,
University of Miami Miller School of Medicine.

4. Results

4.1. General study population characteristics

In our study of 324 patients, ages ranged from 1 month to 12 years.
The largest cohort fell in between the ages of 1 and 5 years, and overall
52% of the patients enrolled were male. When compared with national
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Fig. 2. Graphic displays comparing each of the methods for weigh estimation.
statistics for childhood obesity, our population was more overweight
and obese (Tables 1 and 2).

4.2. Comparing methods for estimation

In our population, the PAWPER tape outperformed the other
methods; estimating the patients' weight within 10% of actual weight
35% of the time (Fig. 2). Mean error was −1 kg and variance was 1.8
kg. This was statistically better than the second best method, the
Broselow tape, with a P value of .01. The Broselow tape was within
10% of actual weight 27% of the time, with a mean error of −1.5 kg
and variance of 2.4 kg. Both length-based methods outperformed the
APLS formula and MAC formula that were within 10% of actual weight
only 17% and 15% of the time, respectively (Tables 3-6).

TheMAC formulawas the onlymethod to overestimateweightmost
of the time, overestimating by an average of 4.4 kg. In addition, it
outperformed the other methods when applied to the obese portion
of our population, as defined by their body mass index.

5. Discussion

In this study, the Broselow tape and APLS formulas, along with 2
newer methods, the PAWPER tape and MAC formula, all demonstrated
a large degree of error when estimating a patient's weight. Worsening
performance was observed in all but the MAC formula with increasing
age and weight of the patient. In this inner-city population, which has
a higher proportion of obese children than the national average, this is
a large problem (see Table 6).

In 2010, the United States Department of Health and Human
Services reported that patients younger than 15 years make up one-
fifth of the annual 129 million emergency department visits [14].
Trauma is the most common reason for these visits with non–
children's hospitals seeing close to 90% of the total pediatric emergen-
cies [15,16]. In general emergency departments which are infrequently
staffed by pediatricians and in the field, where provider comfort with
pediatric resuscitationmay vary, a rapid and accuratemethod of weight
estimation is a necessity for appropriate care [15].

This necessity led to the creation of the Broselow tape in the 1980s.
Initial studies of the Broselow tape found it to estimate weight within
10% of the actual weight 57% of the time [1]. After this study, the
Broselow tape became the most widely used tool for weight estimation
in the United States. However, more recent studies in a variety of set-
tings have shown the Broselow to estimate weight within 10% of actual
weight for 37% to 53% of children [5,10,17]. Our study of an inner-city
Table 3
Mean error

Age APLS PAWPER tape Broselow tape MAC

0-1 y (n = 65) −0.75 (66%) 0.87 (78%) −1.38 (86%) 7.85 (3%)
1-5 y (n = 163) −2.33 (80%) −0.43 (56%) 0.69 (59%) 4.99 (6%)
6-12 y (n = 96) 0.02 (38%) −2.41 (57%) −3.02 (58%) 1.29 (36%)
0-12 y (n = 324) −1.32 (65%) −1.09 (63%) −1.50 (65%) 4.43 (14%)
Overweight (n= 32) −2.29 (84%) −2.19 (97%) −2.94 (100%) 4.40 (16%)
Obese (n = 35) −10.62 (100%) −7.22 (100%) −9.68 (97%) 4.49 (17%)
Total overweight
and obese
(n = 67)

−6.64 (93%) −4.82 (99%) −6.64 (100%) 4.58 (16%)

Values in parentheses indicates total % of times weight was underestimated.



Table 6
Method superiority at a statistical significance of ±5% of actual weight

Method P

PAWPER tape N Broselow tape .011
PAWPER tape N APLS b .001
PAWPER tape N MAC b .001
Broselow tape N APLS .005
Broselow tape N MAC b .001
APLS N MAC 1

Table 4
Weight variance in kilograms

APLS PAWPER tape Broselow tape MAC

0-1 y 1.18 (15.8%) 0.98 (13.1%) 1.42 (18.7%) 7.64 (N100%)
1-5 y 2.63 (16.6%) 1.30 (8.2%) 1.59 (10.0%) 5.27 (33.2%)
6-12 y 6.32 (21.2%) 3.43 (11.5%) 4.4 (14.8%) 3.7 (12.4%)
Overweight 3.90 (23.7%) 2.35 (14.2%) 2.94 (17.9) 4.91 (29.8%)
Obese 10.62 (47.1%) 7.22 (32.0%) 9.90 (43.9%) 6.66 (29.6%)
0-12 y 3.43 (18.7%) 1.86 (10.1%) 2.39 (13.0%) 5.28 (28.8%)

Values in parentheses (in percent) indicate % difference based on mean weight.
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pediatric population in the United States foundworsening performance
at only 27% of patients' weights being estimated within 10% of actual
weight.

Similar to the Broselow tape, the APLS formula taught by the pediatric
advanced life support class and used in the United Kingdom performed
poorly in our study. Our findings conflict with a recent study done in
Australian children where the APLS formula outperformed the Broselow
[18]. Because of the growing awareness of the increasingly obese pediatric
population, the formula was transitioned from 1 formula for all ages to 3
to better adjust for the obese child [3]. However, evenwith the3 formulas,
the APLS method was statistically inferior to the Broselow and failed to
provide accurate weight estimation within 10% of actual weight 83% of
the time in our population.

Current literature suggests that obesity is themain variable influencing
incorrect Broselow estimates [4–7]. The PAWPER tape, developed spe-
cifically to adjust for the obesity epidemic, outperformed all of the
other methods tested within our population yet still gave an incorrect
weight value 65% of the time, usually underestimating the actual
weight. The most severe underestimations were in obese patients.
Although statistically superior to the other methods tested in this
study, this amount of error should still be considered suboptimal in
pediatric resuscitation.

5.1. Study limitations

Limitations to our study include that a single investigator, at a single
institution, performed the data collection, when ideally numerous pro-
viders should validate these methods across a number of institutions. In
addition, the voluntary participation of the subjects may have unknow-
ingly resulted in sample bias, as is also possible with the exclusion of
children with chronic diseases. Being weighed with clothes on may
have led to inexact actual weights, but the study was conducted in a
very temperate part of the country, so it is unlikely that weight of
clothing would cause significant alteration to the patients' actual
weight. Finally, it is theoretically possible that the use of dominant vs
nondominant upper extremities to assess MAC may have contributed
to a discrepancy in data.

6. Conclusion

The Broselow tape, PAWPER tape, APLS formulas, and MAC formula
all demonstrated poor accuracy when used to estimate our pediatric
population's weight. However, that our results and other studies similar
in nature have arrived at different conclusions in varying populations
Table 5
Frequency of weight estimation within a certain percentage

Method ±5% ±10% ±20% ±30%

APLS 16.7% 36.4% 65.7% 87.0%
PAWPER tape 35.2% 63.0% 89.2% 96.6%
Broselow tape 27.3% 52.5% 81.4% 95.7%
MAC 14.5% 24.1% 40.1% 52.5%
highlights the need for new innovation and invention with regard to a
tool for pediatric weight estimation.

An ideal weight estimation method would use a single parameter,
easily obtained, with a high degree of reproducibility across the
spectrum of providers and institutions, and would perform well in all
pediatric ages and body sizes. The utility of such a tool would not only
be for use in resuscitation in the emergency department but also for
primary responders in the field andwould be of paramount importance
in a mass casualty situation. At this moment, an ideal approach for
weight estimation for our pediatric population does not exist. Until a
better approach is found, the current methods should be used with
caution and an accurate weight obtained as soon as possible during
the resuscitation process.
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