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This study was aimed at validating the usefulness of a length based pediatric emergency tape
(Broselow) in an Indian population. The secondary objective was to validate age-based weight
estimation formulae (Nelson, Argall’s, APLS) for emergency needs (doses, sizes). This cross
sectional study was done at a tertiary teaching hospital on a sample of 500 children attending
outpatient clinic. Inclusion criteria was age between 1 month to 12 years. Children who were
unstable, uncooperative or criticallyill requiring emergency care and those measuring more than
145 cmin length or weighing more than 35 kg weight wer e excluded from the study. Measurement
of actual weights, calculation of weight, adrenaline dose, fluid bolus and endotracheal tube size
wasdone by all four methods. Resultsindicated good positive correlation between actual measured
weights and weights estimated using Broselow Tape (r = 0.974), APLS (r = 0.902), Argall’s
modification (r = 0.902), and combined Nelson formulae (0.935). However, specific Nelson
formulas for 7-12 yr and 3-12 mo were especially poor in correlation. Bland-Altman Plots
comparing actual weight showed least mean bias for Broselow Tape estimationsin <15 kg group
(0.080 + 0.96 kg) and maximum bias with Nelson’s formula for 7-12 yr (5.204 + 4.272 kg). For
adrenaline doses and fluid bolus calculations, Broselow estimations were valid estimates.
Brosel ow tape did under estimate endotracheal tube size (mean bias—0.53 + 0.18). To conclude,
length-based pediatric emergency tape (Broselow®) correlates well with overall emergency
decision-making process in our setting. This is especially validated in the age group 0.1-6.7 yr
weighing lessthan 15 kg.
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N pediatric emergencies, drug doses and

intervention decisions are often based
on estimated body weights(1,2). Inaccurate
weight estimations may cause nhon-
responsiveness or increased adverse events
and toxicity to interventions(3). The measured
weight of a child is considered the gold
standard but it isoften impractical to weighthe
child in these situations. In emergency
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settings, there is an increased likelihood of
error in estimating age-derived weights for
children(4,5). Most use common age
dependent weight formul ae [ Nelson Textbook
of Pediatrics (Nelson Formula)(6), Advanced
Pediatric Life Support (APLS)(7) and
Argall’s modification(8)]. These have been
derived and validated in western pediatric
population(9,10). It is a concern that these
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methods based on age probably overestimate
weights of Indian children hence over-
estimating doses.

The Broselow® Tape (Broselow® Pediatric
Emergency Tape, 2002 Edition A, Drs. James
Broselow and Robert Luten, Armstrong
Medical Industries, 575 Knightsbridge
Parkway, Lincolnshire, IL 60069, USA) was
developed using height/weight correlations
from Western data. This validated tape
estimates weight (hence intervention doses/
sizes) of the supine child based on
length(11,12). The tape has a series of color-
coded zones (boxes) with details of all
necessary doses and sizes for emergency
interventions. One end of the tape has a red
arrow and thisend is placed at the head end of
the supine child with the tape lying alongside
the child. The foot end of the child indicates
the colored box with printed out estimated
doses/sizes of fluids, drugs and equipment.
This eliminates memorization and mathe-
matical errors and one can concentrate more
on other emergency treatment. Though
recommended in India(13), there are no
Indian publications that have validated the
Broselow® Tape in an Indian pediatric
population. In addition, cost remains a
stumbling block to its acceptability. The fact
that thistapeislength based and not dependent
upon the age of the child makes it more likely
to be valid for our pediatric population.

The primary objective of this study was
to validate the length-based (Broselow®)
tape in our pediatric population. Secondary
objectivesinclude validation of other common
age-based formulae (Nelson, APLS, Argal’s)
and their accuracy in estimating weight and
intervention doses/sizes for Indian children in
an emergency.

Subjects and Methods
This was a cross-sectional hospital based
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study done on a sample of 500 children
attending the pediatric outpatient department
requiring non-emergency care. The sample
was collected over a period of 6 months,
from August 2003 to January 2004. The
Institutional Ethics Review Board cleared the
protocol and informed consent was taken from
parents/legal guardians. The Unit team (SL,
ICK, CD) was responsible for al children.

Inclusion criteriawereall children 1 mo to
12 yr age whose legal guardians consented to
the study measurements (weight and height/
length). Exclusioncriteriaincludedall children
requiring emergency care, uncooperative,
unstable and criticaly ill, length >145 cm or
weight >35 kg (pre-requisites for using
Broselow® Tape) and refusal of consent.
Children needing acute care were excluded as
we thought that time taken for obtaining
informed consent and carrying out the
measurements could be detrimental to
immediate care. Sample size was calculated
based on effect size of 0.2, beta of 0.2 and
one-tailed apha of 0.005 using the formula
for a predicted ‘r’ of 0.15. During sampling,
children were aternatively selected based on
sex. Measurements of weights and lengths of
children wereto the nearest 0.1 kg and 0.1 cm
respectively. Thiswasby twotrained andinter-
observer validated investigators (AV, VKV).
The same investigator did all measurements
and estimates on a given child. Weights were
taken first using an electronic weighing scale
(IPA Devices) for those less than 20 kg and a
lever scale (Avery India) for those greater than
20Kkg. Length/ height were measured using an
infantometer (Tower Scales) and a standing
scale (Avery India) respectively. Recumbent
length was measured for children <2 yr and
standing height for thoseequal or >2yr. These
measurements were compared to Broselow®
Tapeestimates. For each child, thetape’ scolor
code system was noted for three chosen
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dosages and equipment sizes (adrenaline first
bolusdose 0.1 mL/kg 1:10000; Fluid bolus 20
mL/kg; and, Endotracheal sizeinmm=4+Age
(yr)/4). These three parameters were chosen
since they represent the commonest inter-
ventionsin resuscitation and represent awide
spectrumof potential errors.

Following documentation of age, weights
were also calculated using Nelson’s Formula
[3-12mo: (ageinmo + 9)/2; 1-6 yr: ageinyr x
2+ 8; 7-12 yr: (ageinyr x 7-5) / 2]; APLS
Method (1-10 yr): 2 x (age in yr + 4); and,
Argall’s Modification: (2 + ageinyr) x 3] (6-
8). The adrenaline dose, fluid bolus and
endotracheal size were calculated based on
weights estimated by these three methods. The
same parameters by Broselow Tape were
documented. Estimatesfrom all four werethen
compared with those derived from actual
measured weights.

A Pearson correlation between weights,
adrenaline dose, fluid bolus and endotracheal
tube size by all estimation methods and actual
weight wasfollowed by Bland-Altman Plotsto
determine the mean bias and standard
deviations(8). For all measurements those
calculated on actual weights were considered

gold standards(8). Analysis was performed
using SPSS statistical software with a P value
<0.05 considered significant.

Results

Five hundred children were assessed and
ageranged from 0.1 yr to 11.4 yr, with amean
of 1.39 and Standard deviation of 2.14.
Majority of children (51%) were under 6
months, and only 7.8 % of children were above
5years. The M: F ratio was 1:0.98. Weights
ranged from 2.50-32.0 kg with a mean of 8.19
kg. Most children (N = 458) were <15 kg and
in the age range of 0.1-6.7 yrs. The Pearson
Correlation for each pair of datawastabul ated.
All differences were statistically significant
(P <0.0001). Bland-Altman Plots compared
differences between all methods. Good
correlation was demonstrable only between
actual weight measured and Broselow tape
estimates (Fig. 1). Mean differences with
standard deviation were tabulated (Table I).

Weight correlations

It was clear from the magnitude of the
correlation that the strength of the relationship
between the Broselow® Tape and actual
weightsof Indianchildren (acrossall weights)is

Bland-Altman Plot

IBros Wt - Actual Wt

40.00

*

Mean of (Bros Wt + Actual Wt)

Fig. 1.
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TABLE I-Mean Bias and 95% CI From Actual Weight and Measures of Adrenaline Dose, Fluid Bolus and
Endotracheal Tube Size as Determined by Broselow Tape, Nelson, Argall’ sand APLSFormulae

] <15kg >15kg

Variable

N  Mean SD 95% ClI N Mean SD 95% ClI
Broselow Wt (KQg) 458 0.080 0.96 -16-16 42 1.28 1.22 —2.78-5.10
Argall wt 129 2.38 2.73 -0.80-8.70 38 7.0 4.05 -0.21-14.32
Nelson 3-12 Mowt 212 0.69 1.26 -1.30-2.80 - - - -
Nelson 1- 6 yrswt 115 2.29 1.76 0.020-6.08 17 1.01 2.16 -3.6-4.10
Nelson 7- 12 yr wt - - - - 25 520 4.27 —4.8-12.43
APLSwt 129 2.23 1.69 0.0-5.90 38 2.26 3.17 -3.8-7.28
Broselow Adr (mL) 458 -0.009 0.1039 -0.16-0.18 42  0.18 0.2775 —0.36-0.65
Argall Adr 458 0.15 0.18 -0.09-042 42 0.73 0.43 0.003-1.41
Nelson Adr 458 -0.04 030 -0.54-0-035 42 14 1.71 —0.20-4.66
APLSAdr 458 0.26  0.30 .02-047 42 021 .031 -0.377-0.71
Broselow fluid bolus(mL) 458 —0.97 20.40 -2-37.05 42 30.71 57.0 —72.7-115.7
Argall Fluid bolus 458 29.77 36.85 -18-84 42 146.29 86.59 0.70-283.10
Nelson Fluid bolus 458 -8.29 60.25 -108-70.1 42 297.52 343.05 —41.33-933.20
APLSfluid bolus 458 5258 28.88 4.0-94.0 42 4229 6291 -75.40-143.70
ET size(Bros, Age) 458 -053 0.18 -1.0-50 42 -029 0.36 -1.0-0.42

wt =weight; Adr = adrenaline; ET= endotracheal tube.

anear perfect positive correlation (r = 0.974)
withameanbias<0.04kg. Thiscorrelationwas
also seen to a lesser degree with Argall’s
modification, combined Nelson’ sformulaeand
the APL Sformulae. Argall and APL Smethods
overestimateweight by greater than 2-3kg.

Weight <15kg, equal and>15kgcorrelations:
However, children <15 kg and equal and >15
kg as two separate study subgroups showed
different rel ationships. Broselow Tapeshowsa
good positive correlation for children
weighing <15 kg and this correlation is
marginally lessperfect when childrenareequal
or >15 kg. Broselow Tape has an overal
minimal overestimation compared with actual
weights (Mean differences 0.034 + 1.185 kg).
In the <15 kg group the mean difference is
0.080+0.96.

Nelson’ sformulaefor estimation of weight
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shows moderate to weak correlation when
used for subgroups, 1-6 yr and 7-12 yr age and
weighing equal to and >15 kg. In children <15
kg and <3-12 mo age, Nelson's formulae
reveal a moderate positive correlation
(r=0.603). Nelson’ sformulaewhen studied in
their subgroups do not correlate well with
actual weights of Indian children. In the case
of weight estimations, Bland-Altman Plots
illustrated that APLS and Nelson’s formulae
(1-6 yrs, 7-12 yrs) tended to overestimate
weight with maximum discrepancy seeninthe
7-12 yr Nelson formula (Mean difference
5.204 £ 4.272 kg).

Adrenaline doses

Broselow Tape remains the best method in
estimation of Adrenaline bolusdosein <15 kg
(Mean differences 0.009 + 0.103 mL)
and Nelson's formula showed maximum
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Key Messages
» A Length-based tape (Broselow® Tape) accurately measures Pediatric emergency needs of
Indian children <6 years of age.

«  Among all methods of weight estimation used in emergencies (Broselow® Tape; APLS, Argall,
Nelson formulae), the Length-based tape (Broselow® Tape) correlated best and with least

bias.

difference in >15 kg (Mean difference 1.4 £
171 mL).

Fluid bolus

Broselow compares well with fluids
needed based on actual weight <15 kg (Mean
difference 0.97 + 20.4 mL). APLS and Argall
tend to overestimate fluid bolus (Mean
differences range from 30 to 53 mL + 29-87
mL). Maximum overestimation occurred in
Nelson formula for >15 kg (Mean difference
297.52 + 343.05 mL).

Endotracheal tube size

The comparison was between the tradi-
tional age related formulae and a Broselow
estimate. Broselow tended to underestimate
endotracheal tube size by up to 0.5.

Discussion

Most methods to calculate estimated
weight from age or height/length are based on
western pediatric populations. Age-based
weight estimation formulae were expected to
overestimate weight in Indian children.
Similar to studies in western populations
(8,9,11), this study suggests that Broselow®
Tape predicts actual weight most accurately in
comparison with al other methods. However,
therewasatendency for theloss of accuracy of
estimation as the child's weight increased,
especially above 15 kg. A similar signi-
ficantly decreasing accuracy trend has been
previously documented using the Broselow®
Tape, but in children greater than 25 kg(9).

From the results it is evident that all
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formulae tend to overestimate the weight
especially in the higher weight range (15 kg).
In comparison British studies(8) on APLS and
Broselow® Tape underestimate actual weight.

Broselow tape was fairly accurate in the
selection of ET, though it tended to slightly
underestimate the size. European and US
studies, in contrast, report it as being an
accurate means to assess endotracheal tube
size(11,12).

A major limitation of the study to our mind
is the skewing of the sample towards younger
ages and weights with inadequate representa-
tion of children above 15 kg. In addition, lack
of ready availability of Broselow® Tape in
India and its relatively higher cost (around
USD 55) may restrict its use.

In conclusion, a Length-based Pediatric
Emergency Tape (Broselow®) correlates well
with an overal emergency intervention
decision-making processin our setting. Thisis
especially validated in theagegroup 0.1-6.7 yr
weighing <15 kg. The Broselow® Tape
estimates for Adrenaline, Fluid bolus and
Endotracheal tube size in Indian children <6
yearsis validated and it shows less bias than
usual age-based estimations currently in use.
Larger numbers need to be studied to validate
the same in the subpopulation >15 kg.

Contributors: AV and VKV responsible for concept,
design, acquisition of data. SL was involved in
concept, design, analysis, interpretation, drafting and
final approval. ICK and CD: Concept, design,
training, inter-observer validation, drafting. SDSR:

VOLUME 43—ocToBER 17, 2006



BRIEF REPORTS

analysis, interpretation. All authors approved thefinal
version.

Funding: None.
Competing interests: None stated.

REFERENCES

1.

Greig A, Ryan J, Glucksman E. How good are
doctors at estimating children’s weight? J
Accid Emerg Med 1997; 14: 101-103.

Harris M, Patterson J, Morse J. Doctors,
nurses, and parents are equally poor at
estimating pediatric weights. Pediatr Emerg
Care 1999; 15: 17-18.

Shah AN, Frush K, Luo X, WearsRL. Effect of
an intervention standardization system on
pediatric dosing and equipment size
determination: a crossover tria involving
simulated events. Arch Pediatr Adolesc Med
2003; 157: 934.

Vilke GM, Marino A, Fisher R, Chan TC.
Estimation of pediatric patient weight by EMT-
PS. JEmerg Med 2001; 21: 125-128.

Anglemyer BL, Hernandez C, Brice JH, Zou B.
The accuracy of visua estimation of body
weight in the ED. Am J Emerg Med 2004; 22:
526-529.

Neediman RD. The First Year. In: Behrman
RE, Kliegman RM, Jenson HB, eds. Nelson
Textbook of Pediatrics. 17th edn. Philadel phia:
Saunders; 2004; p. 31.

Mackway-Jones K, Molyneux E, Phillips B,

10.

11.

12.

13.

Wieteska S, editors. Advanced pediatric life
support: The practical approach. 3rd edn.
London: BMJ Publishing Group; 2001; p 7.

Argall JAW, Wright N, Mackway-Jones K,
Jackson R. A comparison of two commonly
used methods of weight estimation. Arch Dis
Child 2003; 88: 789-790.

Lubitz DS, Seidel JS, ChameidesL, Luten RC,
Zaritsky AL, Campbell FW. A rapid method
for estimating weight and resuscitation drug
dosages from length in the pediatric age group.
Ann Emerg Med 1988; 17: 576-581.

Black K, Barnett P, Wolfe R, Young S. Are
methods used to estimate weight in children
accurate? Emerg Med (Fremantle) 2002; 14:
160-165.

Hofer CK, Ganter M, Tucci M, Klaghofer R,
Zollinger A. How reliable is length-based
determination of body weight and tracheal tube
size in pediatric age group? The Broselow
tapereconsidered. Br J Anaesth 2002; 88: 283-
285.

Luten RC, Wears RL, Broselow J, Zaritsky A,
Barnett TM, Lere T, et al. Length-based
endo-tracheal tube and emergency equipment
in pediatrics. Ann Emerg Med 1992; 21:
900-904.

Janakiraman L, Pediatric Advanced Life
Support Group of the Indian Academy of
Pediatrics. PALS guidelines 2000. Indian
Pediatr 2001; 38: 872-874.

INDIAN PEDIATRICS

894

VOLUME 43—ocToBER 17, 2006



