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Abstract

Objective: The purpose of this study was to determine the effectiveness of the Broselow tape in
the evaluation of pediatric trauma patients.

Methods: The trauma registry of a rural level | trauma center was examined. All pediatric trauma
patients 16 years or younger were reviewed from 2002 to 2006, totaling 2358 patients. The
Broselow tape measures to 146.5 cm. Patients whose height correlated with the tape and had their
heights and weights in the medical record were included. The constant variable was the heights by
which the estimated weights of the Broselow tape were compared with the actual weights of the
patients.

Results: A total of 657 patients matched this height and had both heights and weights in their
record. Most children (349/657; 53.1%) fell outside the predicted weight range, and of these,
77.1% of the actual weights were greater than those predicted by the Broselow scale. This is
observed across all age groups. In patients with heights less than 75 cm, two thirds of patients’
weights correlated with the Broselow estimated weight; however, those that deviated did so by 2 to
3 color intervals larger. This deviation was statistically significant in all groups.

Conclusions: In our population, the Broselow tape is an ineffective tool to predict weight in
more than 50% of pediatric trauma patients. This may lead to the underdosing of emergency
medications and blood products.
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Dosing of drugs in the pediatric population is based largely on the weight of the patient. In
the trauma setting, weighing patients on a scale is not feasible, and weight estimations are
done under stressful conditions, resulting in an increased likelinood of dosing errors.12
Research has also shown weight estimations by physicians and nurses to be unreliable.34
There have been conflicting results as to a parent’s ability to estimate the weight of his/her
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child.35 The Broselow® tape is one of the most widely used methods of length-based
resuscitation tape (LBT) recommended by Pediatric Advanced Life Support and the
Advanced Trauma Life Support to reduce medication errors during simulated pediatric
emergencies.?

Nationwide, 36.6% of the general population is overweight, with a body mass index 25 to 30
kg/mZ2, and 26.6% is obese, with a body mass index greater than 30 kg/m?2. This is a
particular problem in West Virginia, where 36.9% of the population is overweight, and
31.9% is obese.” In the United States, 12.5 million children are overweight in the United
States—more than 17%. This prevalence has nearly tripled for adolescents in the past 2
decades.?

Recently, the accuracy of the Broselow tape has come into question, largely secondary to the
growing problem of obesity in the pediatric population.®~12 Nieman et al® found that the
Broselow tape was accurate in predicting the correct weight only 55% to 60% of the time
and is more likely to underestimate the correct dose of the drug to be given.

The goal of this study was to determine the degree of inaccuracy of the Broselow tape at
estimating weight in a pediatric population at a rural level | trauma center.

METHODS

The study protocol was approved by the West Virginia University institutional review board
with a waiver of consent. A review of the trauma registry of a university, rural level | trauma
center was undertaken.

All pediatric trauma patients from 2002 to 2006 were evaluated. A total of 2359 records
were identified. Patients excluded were those with incomplete data (n = 1455), of which
1398 patients had the height (in centimeters) and weight (in kilograms) recorded. Seven
hundred forty-one patients had heights exceeded the tape and were excluded. Of these, 657
patients had heights within the parameters of the Broselow tape (<146.5 cm). Actual heights
were plotted on the Broselow tape to determine the estimated weight and corresponding
color zone. Patient’s actual weights were compared with the predicted weights from the
Broselow pediatric emergency tape.

Each color zone of the Broselow tape, version 2007B, was measured with a measuring tape
on a hard surface® (Table 1). This was performed 3 separate times with a tape graduated in
1-mm increments.

Determination of statistical significance was performed by analysis of variance.13 Post hoc
comparison of individual concentration means with the control was completed using the
Tukey-Kramer multiple comparisons test.14 All data are reported means and SDs. The data
were analyzed using SigmaStat (SPSS Inc, Chicago, IlI) for Windows. Statistical
significance was defined as < 0.05.
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In all, 657 patients were identified with heights less than 146.5 cm. Patient weights were
correlated with predicted weights from the Broselow tape. Figure 1 plots each individual
patient’s weight with relation to the Broselow ranges. Most (349/657; 53.1%) fell outside
the predicted weight range. Figure 2 shows the correlation and noncorrelation of this patient
population. Of these, 77.1% of the actual weights were greater than those predicted by the
Broselow scale, and 22.9% (80/349) were less.

In the patient groups with heights greater than 75 cm (29.5 in, purple region), 46.0% of
patient’s actual weight correlated with the Broselow estimated weight (Table 2). In these
patients, those that deviated did so by just 1 color interval. In patients with heights less than
75 cm, two thirds of patients’ weights correlated with the Broselow estimated weight;
however, those that deviated did so by 2 to 3 color intervals greater (Fig. 3). This deviation
was statistically significant in all groups.

DISCUSSION

The resuscitation of children requires an accurate and rapid measure of the child’s weight to
provide doses of various drugs and fluid boluses. Care must be taken to provide a
therapeutic drug dose, without overdosing or underdosing, placing the patient at risk of
toxicity or ineffectiveness, respectively. Pediatric Advanced Life Support!® and Advanced
Trauma Life Support!6 provide national standardized recommendations for resuscitation and
recommend the Broselow tape be used to estimate a child’s weight. This has recently come
into question in the face of a growing obesity problem.

Our data indicate that the Broselow tape underestimates the weight of children. This
underestimation is across all age groups. The best correlation is in the youngest and smallest
of patients, but in this group, those children who deviated from the tape were overweight. As
our patients age, their deviation from the predicted weight becomes more pronounced.

In our population, Broselow tape—guided resuscitations would potentially be compromised
and prolonged secondary to underdosing. For example, most of our patients with body
lengths falling into the red zone have actual weights that are far beyond the Broselow tape—
predicted value of 5 to 8 kg. Dosing was underestimated in an overweight 3-year-old child
from our sample population whose length placed her into the red region of the Broselow
tape but placed her in the white region for weight at 15 kg (Table 3).

The first article to validate the Broselow tape in 1988 was that of a multicenter study.*
Recent studies have shown the Broselow tape to be an accurate predictor of weight in the
youngest and smallest children.1”-21 However, several studies have shown LBT to
underestimate a child’s weight, particularly as age increases.?2 A large study from Ohio
looked at 7813 urban and suburban children.® The weight of 55.3% of children was
accurately predicted (within 10%) using the LBT but were 2.5 to 4.4 times more likely to
underestimate drug dosages in 4 age categories and underdosed medications in nearly one
third of all children. Medication dosages were accurately predicted in only 55% to 60% of
cases.?
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Recent National Health and Nutrition Examination Survey data show that the prevalence of
overweight children aged 2 to 5 years currently is 13.9%, which increased from 5.0% in
1980. For children aged 6 to 11 years, the prevalence is 18.8%, which increased from 6.5%
in 1980. For those aged 12 to 19 years, the prevalence is 17.4%, which increased from 5.0%
in 1980. For obesity, 12.4% of children aged 2 to 5 years, 17.0% aged 6 to 11 years, and
17.6% aged 12 to 19 years are currently obese.23 Approximately 36.4% of children aged 10
to 17 years are overweight or obese, and 26.6% of low-income children aged 2 to 5 years in
West Virginia are overweight or obese.’

Although numerous recent articles have questioned the accuracy of LBT, an argument can be
made that many medications are distributed in lean body mass, and dosing should be based
on ideal body weight as predicted by the Broselow tape and not actual weight. When goal-
directed therapy is instituted, end points may be achieved less quickly.24-26 Early shock
reversal is associated with decreased morbidity and mortality,2” and it might be inferred that
systematic underdosing of medications and interventions may place these children at an
increased risk of an adverse outcome.

A few authors have looked at adjuncts or alternatives for patients who are expected to be
overweight. Yamamoto et al?8 described using a body habitus model by which 5 or 6 body
habitus icons supplemented length-based weight estimate tools for weight estimations.
DuBois et al2 used the devised weight estimation method that correlated to actual weight
but underestimates weights in the weight classes greater than 20 kg. A multidisciplinary
approach to pediatric trauma care increases weight documentation and decreases adverse
medical events.2® This is the current practice at our institution.

As with any study, our study had certain limitations. Within the period during which the
trauma patients in this hospital series were admitted, the obesity prevalence among children
in West Virginia was 13.9% to 18.8%, depending on age range.” Although one can
geographically define a hospital service area, it is not possible to determine precisely the
pediatric population at risk, as hospital-based studies do not define populations in the same
way that true population-based studies do. However, the strengths of our study lie in the fact
that our cohort of children is largely racially homogeneous, rural, and obese.

In conclusion, the Broselow tape correlates poorly with weights seen in our setting. Use of
the tape would result in underresuscitation across all weight categories, with the most
significant deviation seen in the youngest patients, those falling into the gray, red, and pink
intervals. Until the Broselow tape is updated to reflect the ongoing obesity epidemic,
physicians are advised to remain cognizant of the potential for extreme underestimation and
modify medication doses and fluid volumes accordingly. A consensus opinion is needed to
guide providers of emergency pediatric care as to whether to treat ideal or actual body
weight to avoid potential errors in resuscitation.
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FIGURE 1.
Scatter plot of individual weight correlation with Broselow ranges.
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FIGURE 2.

Correlation and noncorrelation of the patient population.
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FIGURE 3.
Noncorrelation patients and degree of deviation from Broselow scale.
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TABLE 1.

Broselow Pediatric Emergency Tape (Product No. AE-4800)

Color Height,cm  Estimated Weight, kg

Gray 46-60.5 3-5
Pink 60.5-67.5 6-7
Red 67.5-75 8-9
Purple 75-85 10-11
Yellow 85-98 12-14
White 98-110 15-18
Blue 110-122 19-23
Orange  122-133.5 24-29
Green 133.5-146.5 30-36
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Evaluation of the Validity of Broselow Correlation in Trauma Patients

Patients With Correlating Weights, Mean

Patients With Weight Above the Broselow, Mean (SD),

Color Estimated Weight (kg) SD), n n
Gray 3-5 4.0 (0.76), 22 9.8 (2.86), 7
Pink 6-7 6.73 (0.47), 11 84089, 5
Red 8-9 8.65 (0.61), 17 12.6 (4.18), *7
Purple 10-11 10.61 (0.50), 18 14.12 (4.26), 25
Yellow 12-14 13.2(0.70), 39 21.19 (12.5), 7L37
White 15-18 16.41 (1.13), 44 22.88 (6.63), 40
Blue 19-23 21.14 (1.35), 56 31.53 (9.96), 7‘34
Orange 24-29 26.2 (1.47), 41 38.6 (12.49), 7‘54
Green 30-36 34.08 (8.6), 60 49.0 (9.86), fGO
*P< 0.01.
fps 0.001.
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Drug Dose Given Per Broselow Tapeif in Red Region  Dose Given Per Broselow Tapeif in White Region
Versed, mg 25 5

Propofol, mg 25 50

Atropine, mg 0.17 0.33

Epinephrine (1:10,000), mg 0.085 0.17

Fluid bolus, mL 170 325

Blood bolus, mL 85 165

First/second dose, J 9/17 33/66

Pediatr Emerg Care. Author manuscript; available in PMC 2020 August 11.



	Abstract
	METHODS
	RESULTS
	DISCUSSION
	References
	FIGURE 1.
	FIGURE 2.
	FIGURE 3.
	TABLE 1.
	TABLE 2.
	TABLE 3.

