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Background: The effectiveness of medical treatment depends on proper drug dosing. The most accurate
measurement of a child’s weight is by weighing the child on a scale, and can be done for stable children. However,
an emergency, or other conditions may preclude normal weighing. The child’s weight must then be estimated
quickly for treatment including drug dosages, equipment sizes, ventilator volume settings, and cardioversion-
defibrillation.

Obijectives: To assess the accuracy of the Broselow tape in the weight estimation of Thai children.

Methods: Retrospective analysis reviewing the hospital-based data of 4746 Thai children aged less than 15 years.
Demographic data, measured weight (MW), and height were collected. The subjects were divided into nine
color-coded groups according to the Broselow tape color range and the actual weight plotted according to their
groups. Comparison between Broselow tape-predicted weight (TW), height and MW was explored.

Results: A total of 3869 children met the inclusion criteria, of whom 2121 (54.8%) were male. The overall
agreement between actual weight and predicted weight was 62.1% (range 36.4-90.5 depending on color-code).
The mean difference between TW and MW was —3.56% (95% CI1 —3.964 to —3.150) with SD 12.91%, P <0.001.
TW was within a 10% error for 58% of children.

Conclusions: The accuracy of the Broselow tape in the weight estimation of Thai children decreases with

increasing height. The Broselow tape underestimates Thai children’s weight.
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The accurate estimation of a child’s weight is
very important in acute treatment of severely ill or
traumatically injured children and is a critical first step
in their management because most drug dosages
(resuscitative or sedative medications and antibiotics),
equipment sizes, ventilator volume settings, and
cardioversion-defibrillation parameters are calculated
using body weight. The effectiveness of emergent
intervention may depend on the accuracy of weight
estimation. Most medication errors and adverse
drug effects are related to improper dosing [1, 2].
Noncritically ill children or stable patients can
of course be weighed normally on a scale, but in an
emergency situation there may be no time for this, or
the condition of the patient may preclude normal
weighing. The patient’s weight must then be estimated
to calculate medication dosages or other needs. There
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are a number of methods currently used to estimate
a child’s weight such as visual assessment, parental
estimation [3, 4], an age formula [5, 6], and length-
based estimations such as that using the Broselow
tape [7-16].

The Broselow tape is recommended by
the Advanced Trauma Life Support protocol [17].
Although many studies have confirmed the usefulness
of the Broselow tape [10, 11, 15, 18], other studies
have found that the accuracy of the Broselow tape
varies in different populations. To our knowledge, there
has been just one study assessing the accuracy of
the Broselow tape in Thai children [19]. The aim of
this study was to assess the accuracy of the Broselow
tape in a large cohort of Thai children.

Methods
Study design and setting

This was a retrospective analytical study, in which
computerized hospital data from the pediatric out-
patient department (OPD) of Songklanagarind
Hospital were reviewed for the 4-month period from
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01 January to 30 April 2010. The study was approved
by the Research Ethics Committee of the Faculty of
Medicine, Prince of Songkla University (EC: 54-117-
10-1-3-7).

Sample size estimation

In this study, we used body height (BH) to divide
the subjects into nine color-coded groups, based on
the color-coded zones of a Broselow tape (Broselow
Pediatric Emergency Tape; 2007 Edition A, Armstrong
Medical Industries, Lincolnshire, IL, USA). The color-
coded zones of the Broselow tape were accurately
measured on a hard surface (Table 1). The calculated
sample sizes for this study allow detection of a 5%
difference (95% accuracy) between measured weight
(MW) and Broselow tape-predicted weight (TW)
indicated we needed at least 142 subjects per group
and a minimum aggregate of 1,278 total subjects.

Inclusion and exclusion criteria

Data from all of the children <15 years old who
visited the pediatric outpatient department of
Songklanagarind Hospital, diagnosed using the 10th

Table 1. Color code zone

revision of the International Statistical Classification
of Diseases and Related Health Problems (ICD-10)
incodes D, F, H, J, L, and Z (clinically stable/healthy)
were included. Non-Thai children were excluded.
Children whose data were incomplete or who had
BHs <46.1 or >146.7 cm, which are lower or higher
than the Broselow tape measures, respectively, were
excluded.

Outcome measure

Age, sex, date of birth, date of visit, MW (kg),
and BH (cm) were recorded in an anonymized manner.
Body mass index (BMI) was calculated using the
standard formula of: weight in kilograms divided by
height in meters squared. Broselow tape length (TL)
was measured. The actual BH was marked on the
Broselow tape to determine the TW and corresponding
color-coded zone. The primary outcome was the
comparison of the TW and MW. Percent agreement
of weight on color-coded zones, a Bland—Altman
analysis, and the proportion of estimates that were
within 10% of the MW were calculated.

Color TW (kg) TL=BH (cm)

min max
Grey 3 46.1 520
Grey 4 52.1 56.9
Grey 5 570 60.7
Pink 6 60.8 64.2
Pink 7 64.3 67.7
Red 8 67.8 714
Red 9 715 752
Purple 10 753 799
Purple n 80.0 849
Yellow 12 85.0 89.6
Yellow 13 89.7 94.0
Yellow 14 9.1 979
White 15 98.0 101.7
White 16 1018 1045
White 17 104.6 107.7
White 18 1078 110.2
Blue 19 1103 1138
Blue 20 1139 116.7
Blue 2 116.8 1220
Orange 24 1221 126.3
Orange 26 1264 130.2
Orange 28 130.3 1339
Green 30 1340 136.7
Green K7 136.8 1400
Green A 140.1 1434
Green 6 1435 146.7

TW = Broselow tape-predicted weight, TL = Broselow tape length, BH = body height
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Data analysis

Data were recorded in Microsoft Excel 2007 and
analyzed using the R-program (version 2.15.0).
Descriptive statistical variables for age, sex, MW, BH,
and BMI were calculated. TW was recorded by
used BH as TL. Scatter plots were used to show
the relationships between MW and TW, and MW
and BH. Logarithmic transformations of MW and
appropriate power transformations of predictor
variables were used to approximate normality and
reduce heteroscedasticity. Polynomial regression
models to predict body weight using TW and BH
together with sex as predictors were constructed and
used to develop prediction graphs. Fit of the models
was evaluated using residual versus prediction plots.

TW were compared with the MW of the patients.
A Pearson correlation coefficient analysis and
the paired t test were conducted to compare TW
and MW. The accuracy of the Broselow tape was
assessed by calculating the percentage agreement of
weight on each color-coded zone that used the number
of children who had MW in same range of TW divided
by total number of children in each color-coded zone.
Percentage differences from the MWs were used to
determine the mean magnitude of variation. The
proportion of estimates which were within 10% error
of the MW, were measured.

Results

From atotal of 4746 children initially recruited in
the sample and categorized into 9 groups based on
the color-coded zones of the Broselow tape, 3869
children met the inclusion criteria and were included
in the present study (Table 2). They comprised 2121
boys (54.82%) and 1748 girls (45.18%); ICD-10 in

Broselow tape weight estimation of Thai children 801

code D (0.7%), F (9.7%), H (3.7%), J (37.3%), L
(8.9%), and Z (39.6%). The regression models
predicting estimated body weight (EBW) for all
patients and separately for boys and girls between
sexes using TW and using BH are shown in Table 2
and Figure 1. The coefficients of determination (R?)
were high (exceeding 0.94) for all models.

Overall, there was a 62.1% agreement MWSs
and TWs in all color-coded zones. There were no
significant differences between the numbers and
percentage agreement of weight between girls
and boys with each color-coded zone, P > 0.05
(Table 3). The most accurate TW was found with
the grey zone (90.5%), followed by the pink (74.0%),
and red (66.5%) zones. For children <122 cm (grey
to blue zones) the percentage agreement of weight
with the color-coded zones was 65.8%, while for
children >122 cm the agreement was only 41.1%.
Percentage agreement differed significantly across
color-coded zones (P < 0.001).

A paired t test was used to compare the means
of TWs and MWs (Table 4), and the TWs and MWs
were significantly different (P < 0.001). The estimated
mean difference (TW-MW) was —0.87 kg (95%
confidence interval —0.971, -0.774 kg). According to
the confidence interval, the mean weight given by the
Broselow tape was significantly less than the mean
of the measured body weights. However, the mean
differences between TWs and MWs of the 9 color-
coded zones varied from -3.501 kg in the green
zone (P < 0.001), through —0.033 kg in the red zone
(P> 0.05) and +0.089 kg in the purple zone (P > 0.05),
indicating that the weights were underestimated in the
green zone by average of 3.501 kg.

Table 2. Prediction models of estimated body weight (kg) for height of children from 46.1 to 146.7 cm

Adjusted
RZ

Using Broselow tape-predicted weight (kg)

Boys and girls combined: EBW = exp(1.035 + 0.144TW —0.002TW?) 0.943

Boys: EBW =exp(1.056 + 0.143TW —0.002TW?) 0.942

Girls: EBW =exp(1.013 + 0.146 TW —0.002TW?) 0.945
Using body height (meters)

Boys and girls combined: EBW=exp(—6.43 + 28.92BH- 37.06BH? + 22.22BH?* - 4.90BH*) 0.953

Boys: EBW =exp(—6.30 + 28.16BH — 35.40BH? + 20.73BH?® - 4.43BH*) 0.952

Girls: EBW =exp(-6.52 + 29.52BH — 38.46BH? + 23.52BH* - 5.31BH") 0.955
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Figure 1. Graphs of prediction models of estimated body weight (kg) using TW and BH.

The mean percentage difference between the indicating an accurate estimation of the actual weight
TWs and MWs was —3.557 (95% CI -3.964 to — in this zone by the Broselow tape. Comparing MWs
3.150) with SD 12.91% and P < 0.001, indicating an with TWs with a 10% error range, the TWs were
underestimation of the actual weights by the Broselow found to be within the 10% error for 58% of children
tape. The mean percentage difference in the red zone (Table 4 and Figure 2).
was 0.518% (95% CI —0.527 to 1.563, P > 0.05),
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Table 4. Comparing Broselow tape-predicted weights and measured weights

Color Pearson correlation mean differences (TW-MW) P Proportion of percent
between MW and TW (kg) (95%0CI) differences* TW within
correlation (95%0Cl) 10% error n/N (%)

Grey 0.735(0.691,0.773) -0.467 (-0.517,-0.417) <0.001 244/494 (49.4)

Pink 0.537(0.461,0.604) —-0.456 (-0.531,-0.381) <0.001 211/381(55.4)

Red 0.429(0.339,0.511) -0.033(-0.122,0.056) 0.47 240/349 (68.8)

Purple 0.438(0.358,0.512) 0.089 (-0.014,0.193) 0.09 287/428(67.1)

Yellow 0.510(0.449,0.567) -0.670(-0.814,-0.525) <0.001 382/601 (63.6)

White 0.396 (0.3251,0.463) —-0.897 (-1.124,-0.669) <0.001 350/577 (60.7)

Blue 0.353(0.271,0.430) -1.100(-1.428,-0.772) <0.001 256/463 (55.3)

Orange 0.362(0.269, 0.448) —2.280(-2.828,-1.733) <0.001 190/367 (51.8)

Green 0.333(0.207,0.449) —3.501 (—4.494,-2.507) <0.001 83/209 (39.7)

Total 0.943(0.939, 0.946) -0.872(-0.971,-0.774) <0.001 2243/3869 (58.0)

TW = Broselow tape-predicted weight, MW = measured weight, *percent differences = (TW-MW) x 100/MW
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Figure 2. Percent difference of body weight determined by the Broselow tape on each color-code zone

Discussion

The Broselow tape [18] is the recommended
method [10, 11, 15, 17, 18] to estimate a child’s weight
in the emergency department where a patient is
critically ill and whose weight is unknown or cannot
be weighed on a scale [16].

In the present study, overall, the Broselow tape-
predicted weights correlated well with measured
weights, with the children’s measured weights 0.87
kg heavier on average than the weights estimated by

the Broselow tape. If the Broselow tape-predicted
weights are used in a clinical setting for Thai children
we suggest adding 0.87 kg or use the graphs of
the prediction models of estimated body weight in
Figure 1. The accuracy of the Broselow tape as
found in various studies and our study are compared
in Table 5, which concludes that most studies [7, 8,
11, 13, 15, 16, 19], including the present study found
the Broselow tape to underestimate weight by 0.5 to
2.6 kg.
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The relationship between measured weight
and body height was strong. The regression models
for body weight can predict an estimated body weight
based on body height. We recommend using body
height for weight estimation of Thai children
of unknown weight or who cannot conveniently
be weighed on a scale who visit an emergency
department when they are critically ill.

Based on the findings of this study, the Broselow
tape underestimates the weights of Thai children.
However, the inaccuracy varies depending on the
height of the child, and for children in the ‘red zone’
of the tape, the estimation corresponds very closely
to measured weights, and is more accurate in children
<122 cm tall.

The Broselow tape-predicted weights and
measured weights were compared using a 10% error
range. The Broselow tape-predicted weights for these
study subjects was within the 10% error in 58% of
children, which is essentially the same as for the study
by Jang et al. [11], which reported the Broselow tape-
predicted weights to be within a 10% error in 57.9%
of their children, and as consistent with the study of
Thai children by Trakulsrichai et al. [19].

Conclusion

The Broselow-predicted body weights were
underestimated in both sexes and most color-code
zones, with the only exceptions being in the red and
purple zones where the mean weights between the
TWs and MWs were not significantly different.

However, the Broselow tape underestimates Thai
children’s weight, and the accuracy decreases with
increasing height, and is significant when the child’s
height is >122 cm.
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