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ABSTRACT

Background

Accurate weight determination is essential in providing optimal care to the paediatric

population, as both over- and under-estimation can be detrimental.

This study aimed to compare the accuracy and precision of three paediatric weight
estimation formulae, the Advanced Paediatric Life support (APLS), the formula used
by anaesthetists in academic hospitals affiliated to the University of Witwatersrand
(Wits-A), and the Luscombe and Owens (LO) formula, to the measured weight of
children at the Chris Hani Baragwanath Academic Hospital (CHBAH) outpatient

department.
Methods

A prospective, contextual, descriptive study design was used with quota sampling.
Four hundred children aged 1 - 10 years were recruited for the study. Age, gender,

ethnicity, weight and height were recorded.
Results

On average the APLS formula performed the best with 49 % of estimates within 10%
of the actual measured weight (PW10), the lowest mean percentage difference
(MPD) of +0.7% and the narrowest 95% limits of agreement. The Wits-A formula
followed with a PW10 of 41% and a MPD of -5.2% while the LO formula had a PW10
of 24% and a MPD of -19.4%.

Conclusion

An accurate and precise weight estimation technique remains elusive and the gold
standard is a measured weight. The APLS formula was however found to be the
most accurate in the CHBAH population and should be used over the Wits-A formula

if a formula has to be used.
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SECTION 1: LITERATURE REVIEW AND BACKGROUND

A detailed review on paediatric weight estimation techniques is discussed in this

section.

The introduction focuses on the importance of accurate weight determination, the
consequences of inaccuracies, especially in the emergency setting, and reasons

why it may be impossible or impractical to weigh a child.

Secondly the various techniques developed to aid clinicians with paediatric weight
estimation will be reviewed. A detailed discussion of each method follows: where and
when it was developed, the population on whom it was studied and the subsequent
studies validating it. The techniques discussed in detail are the Broselow tape,
Advanced Paediatric Life Support (APLS) formulae (original and updated), Argall
formula, Luscombe and Owens formula, Best Guess formulae and Shann formula.
The advantages and disadvantages of height based versus age based weight

estimation technigues are also tabulated.

Next the combined studies evaluating more than one technique are discussed.
Comparisons and conclusions are drawn from these. Thereafter the three studies
identified from South Africa which compared weight estimation techniques are
discussed. The history, or lack thereof, of the formula used by anaesthetists at Chris
Hani Baragwanath Academic Hospital (CHBAH) and other academic hospitals

affiliated to the University of the Witwatersrand (Wits) is then explored.

Lastly, the second important component of the study, the relevance of body mass
index (BMI) in the paediatric population, the global childhood obesity epidemic
(including the definition, and controversy around the evaluation of overweight and
obesity), and the particular challenges faced by the South African population is

addressed.

1.1 SIGNIFICANCE OF WEIGHT ESTIMATION IN THE PAEDIATRIC
POPULATION

Accurate weight assessment is crucial both in the emergency and elective setting.

Most medication dosages in children, airway device sizes and resuscitative



interventions such as defibrillation energy selections, are calculated according to
weight (1).

With regards to medication dosing, an overdose may result in lethal toxicity,
especially with drugs with a narrow therapeutic index, whereas an underdose may
not meet therapeutic requirements (2). It is therefore crucial to determine the weight

as accurately as possible to reduce the margin for error.

To date the gold standard is still a measured weight (3). However, this may be
impossible in a critically ill child requiring immediate resuscitation or in settings

where calibrated, working scales may be scarce.

At the time of this research no validated universal technique for the estimation of
paediatric weight has been validated, with particular concern over the applicability of
developed country techniques in developing country populations (1). This highlights
the importance of this study, and the need for a technique applicable to different

populations.
1.2 WEIGHT ESTIMATION TECHNIQUES

Numerous techniques have been described in order to assist clinicians with
paediatric weight estimation, the majority of these being age based formulae. Table
1 is an unabridged version of the advantages and disadvantages of height based
versus age based weight estimation techniques from the APLS Guidelines (4).



Table 1. Advantages and disadvantages of height based versus age based weight

estimation methods (4)

Height based weight estimation
method (e.g. Broselow tape)

Age based weight estimation method
(e.g. APLS and Luscombe and

Owens formulae)

Simple to use

Simple to use

Reduces cognitive load of

remembering formulae

Does not require measuring tapes or

tables

Can be used with a system of pre-

Cost of Broselow tape

(%]

% packaged equipment Can be used in any environment

§ Useful when age not known No equipment cost

3 Reasonably accurate Allows preparation of equipment and
medication doses in patients who are
notified by the ambulance personnel
prior to arrival to the hospital

May not be readily available (e.qg. Need to remember and calculate the

% pre-hospital setting) formula

£ | Limited to weight 3 - 36 kg and

§ height 46 — 147 cm Limited to age 1 - 10 years

[

a

Tends to underestimate or overestimate

Table 2 gives an overview of the various techniques, when they were developed,

and their age or height parameters.




Table 2. Weight estimation techniques and their age or height parameters

Weight estimation Date Technique (table, tape | Age or height
Technique derived or formula) parameters
Traub-Johnson formula | 1980 2.05 x e ( to the power of | 1 - 18 years
(5) 0.02 x height in cm)
Traub-Kitchen formula | 1980 2.396 x 1.0188 (to the 1 - 17 years and height
(6) power of height in cm) over 74 cm
Derived Weight - 1986 Weight from table 50-175cm
Estimating Method
(DWEM) table (7)
Oakley chart (8) 1988 Weight from chart 50 - 160 cm
Broselow tape (9) 1988 As per height 46 - 147 cm or
3 -36 kg
Original (APLS) formula | 1988 (Age inyears + 4) x 2 1 - 10 years
(4)
Updated Advanced 2011 (Age in months x 0.5) + 4 | 1 - 11 months
Paediatric Life Support (Ageinyearsx2) +8 1 -5years
(updated APLS) (Ageinyearsx 3) +7 6 — 10 years
formulae (10)
Argall formula (11) 2003 (Age inyears +2) x 3 1 - 10 years
Nelson formulae (12) 2004 (Age in months + 9) / 2 Infants 3 — 11 months
(Age inyears x 2) + 8 1 - 6 years
(Ageinyears x7-5)/2 | 7- 12 years
Luscombe and Owens | 2007 (Ageinyears x 3) +7 1 - 10 years
Formula (13)
Best Guess formula 2007 (Age in months +9) / 2 Infants < 12 months
(14) (Age in years + 5) x 2 1 - 4 years
Age in years x 4 5 - 14 years
Wits Anaesthesiology (Ageinyears x2) +9 Not Specified
formula (Wits-A) (15)
Shann Formula* Unknown | (Age inyears x 2) +9 1 -9 years
Age in years x 9 10 years

* Derivation and validation studies could not be identified




A review of each technique, in chronological sequence from the earliest to the most
recently developed follows. Techniques prior to the year 2000 have not been
discussed in detail except for the Broselow tape and APLS formula. Both of these
techniques were derived from the same data set, are the earliest and most
commonly employed as a benchmark against which other techniques are measured.
Each technique is discussed in the same sequence, where and by whom it was
developed and the subsequent studies validating it. Once they have all been
discussed in totality, individual studies evaluating more than one technique, are
discussed. To conclude this aspect of the chapter, doctors’, nurses’ and parents’

estimates are reviewed.

Concerning evaluation of the various techniques, there is very little agreement with
regards to the ideal assessment in the literature. The statistical analyses vary
between the various studies (16, 17). However, the best single reflection of
performance is probably the proportion of children whose weights are estimated to
be within 10% of their actual weights. Most authorities seem to agree on an error
limit within 10%, however there is disagreement as to the proportion of children’s
weights within this proportion. Some researchers have viewed 60% as a poor
indicator (18) while others have suggested this to be too strict a limit (19). However,

a limit of 60% seems to be the lowest acceptable value (17).

The other measure described for evaluation of the performance of the various

techniques is the mean percentage difference (MPD). This is calculated as:
(True weight — estimated weight) / true weight x 100.

A positive value indicates an underestimation of weights on average, while a
negative value would conversely imply an overestimation. The mean bias is also

reported in some studies. This is calculated as:
(True weight — estimated weight) / true weight.

The majority of the techniques or formulae discussed are evaluated using either one

of these parameters.

With regards to the older techniques, the Traub-Johnson and Traub-Kitchen

formulae have possibly not gained favour due to their complexity. Both require the



use of a scientific calculator which may be expensive and impractical in a resource

poor setting.

The Oakley chart and the DWEM, have also been poorly accepted. Of the studies
identified, two studies looked at the Oakley chart (16, 20) and three at the DWEM
(7, 20, 21) subsequent to their description in the early 1980’s. The Oakley chart is a
reference chart based on either weight or height. To the left of the age for weight
chart, the length and depth of endotracheal tubes, corresponding to age (y-axis), are
tabulated. Below the table various emergency drug doses and initial defibrillation
settings are recorded. These correspond to weight (x-axis) (8). The DWEM involves
weighing a child, assessing body habitus and then reading off the corresponding
weight on the table (7). Both techniques seem valuable, however, the limited number
of studies regarding their comparison or validation to other techniques prevents an
exact assessment of their accuracy from being made.

1.2.1 Broselow tape technique

In 1979, the National Centre for Health Statistics (NCHS) published a new set of
growth curves for children in the United States of America (USA) using data
collected by the NCHS between 1963 and 1975. A nationwide sample group of

20 000 children were chosen by the NCHS and the United States Bureau of Census.
Using this data, Broselow then determined the 50th percentile weight for the various
lengths or height. This was translated to a colour coded measuring tape (9).

The Broselow tape technique is only applicable to children who are 46 — 147 cm in
height or 3 — 36 kg in weight. It involves measuring the child from head to toe, and
using height, a specific weight class is assigned. The “usefulness of the tape extends
beyond weight estimation, as the colour coded weight classes also list dosages of
commonly used resuscitation drugs and the sizes of resuscitation equipment” (such
as endotracheal tubes and suction catheters) (3).This is particularly helpful in
emergency situations as it simplifies the cognitive workload placed on the clinician

and thus reduces the margin of error (3).

In addition to the tape, Broselow also developed a paediatric resuscitation trolley.
The colours on the tape correspond to those on the trolley drawers, and used in

conjunction with one another, it may be more effective in an emergency situation.



Only one study could be found regarding the efficiency of the trolley, as most of the
studies focus on the accuracy of the Broselow tape as a weight estimation technique
(22). Argall et al (23) found that use of the Broselow paediatric trolley resulted in a
significantly faster location of intubation instruments compared to standard trolleys.

Only 10% of participants had prior experience with the Broselow trolley (23).

In 1988, the first study was undertaken to evaluate the accuracy of weight estimation
by this technique. Lubitz et al (9) used a prototype of the Broselow tape. It was
compared to weight estimates made by doctors’ and nurses’, the most commonly
used technique at the time, and found to be significantly more accurate. According to
the results, 59.7% of the Broselow tape estimations were within 10% of the

measured weight, and 79% within 15%.

Even in 1988, the accuracy of the Broselow tape technique estimation was shown to
decrease in children weighing more than 25 kg. This was explained by a change in
body habitus in older children, and it was suggested that a possible variation would
be the inclusion of a body habitus variable (9). Numerous subsequent studies have
shown that the Broselow tape is unreliable at higher weights (24-27), yet the

modification has not yet been put to print.

Table 3 provides a summary of the identified studies regarding the Broselow tape

technique reviewed according to world economic status.

World economic status is classified by the World Bank (28) as high, upper middle-,
lower middle- or low income economies. The high income group are then regarded
as developed countries while the other three groups are collectively grouped as
developing countries. Gross National Income (GNI) per person, the purchasing
power of a citizen, is often used as the main criterion. Other variables are also
considered such as geographical region and external debt. There are limitations,
however, as the classification by income may not necessarily reflect the
development status of a country. Certain countries with a biased income distribution
may have a relatively high per-capita GNI despite most of its citizens having a

relatively low level of income. Economies are re-evaluated on 1 July every year (28).



Table 3. Broselow tape studies reviewed by world economic status

Author Year | Location Sample | Author

Size conclusions
Developed countries
Lubitz et al (9) 1988 | USA 937 Accurate
Hofer et al (24) 2002 | Switzerland 585 Accurate
Black et al (20) 2002 | Australia 339 Accurate
Argall et al (11) 2003 | United Kingdom (UK) | 300 Accurate
Theron et al (16) 2005 | New Zealand 909 Underestimate
Nieman et al (18) 2006 | USA 7 813 Accurate
Krieser et al (26) 2007 | Australia 41 Accurate
DuBois et al (21) 2007 | USA 300 Accurate
Jang et al (25) 2007 | Republic of Korea 665 Accurate
So etal (27) 2009 | USA 1011 Accurate
Casey and Borland (29) | 2010 | Australia 1028 Accurate
Bourdeau et al (30) 2011 | Canada 243 Underestimate
Rosenberg et al (3) 2011 | USA 372 Underestimate
Park et al (31) 2012 | Republic of Korea 124 094 | Accurate
Sinha et al (32) 2012 | USA 118 Underestimate
Ken Milne et al (33) 2012 | Canada 6 361 Underestimate
Heyming et al (34) 2012 | USA 572 Accurate
Loo et al (35) 2013 | Singapore 875 Accurate
Britnell and Koziol-Mclain | 2015 | New Zealand 376 Accurate
(36)
Skrobo and Kelleher (37) | 2017 | Ireland 3155 Underestimate
Developing countries
Varghese et al (38) 2006 | India 500 Accurate
Ramarajan et al (39) 2008 | India 548 Overestimate
Geduld et al (1) 2011 | South Africa 2 832 Accurate
House et al (40) 2012 | Kenya 967 Accurate
Shah and Bavdekar (41) | 2017 | India 210 Overestimate




The findings of underestimation, overestimation or accuracy are as defined by the
authors of the respective articles. The Broselow tape may still under- or over-

estimate and be recorded as accurate. This applies to all of the studies discussed.

The studies which also compare other weight estimation techniques are discussed
separately under the relevant subheadings.

1.2.2 APLS formula

One of the most frequently used techniques for estimating weight is that taught by
the APLS course (4). This formula, like the Broselow tape, was also derived from the
1977 NCHS USA data (1). It was recommended for children aged 1 — 10 years, and

based on age in completed years. It is calculated as follows:
Weight (kg) = (age in years + 4) x 2

In 2011 the original APLS formula was revised. Three new formulae were proposed;
for infants 1 to 11 months, children aged 1 - 5 years and children aged 6 — 12 years.
The formula for 1 — 5 year olds is equivalent to the original APLS formula and that
used for 6 — 12 years is the same as the Luscombe and Owens formula (10).

The original formula is still used in the European Paediatric Life Support course. In
reviewing the literature, it became evident that even studies after 2011 referred to
the original and not updated APLS formula. Likewise, in this review the APLS

formula refers to the original formula.

Table 4 presents a summary of all the studies identified comparing this formula to
measured weight, or to other weight estimation techniques. Of all the studies
identified, it is evident that the APLS formula consistently underestimates weight in
developed countries (13, 14, 16, 20, 35, 42-44). Five studies were identified from the
developing countries, and their findings are contradictory. Two studies found the
APLS formula overestimated weight (38, 45), two studies found it accurate in
predicting children’s weight (1, 40) and one study found it to underestimate weight
(46).



Table 4. APLS studies reviewed by world economic status

Author Year |Location Sample size | Author
Conclusions

Developed countries

Black et al (20) 2002 | Australia 376 Underestimate

Argall et al (11) 2003 | UK 300 Accurate

Theron et al (16) 2005 | New Zealand 909 Underestimate

Luscombe and Owens | 2007 | UK 17 244 Underestimate

(13)

Tinning and Acworth 2007 | Australia 67 363 Underestimate

(14)

Sandell and Charman 2009 | UK 544 Underestimate

(44)

Luscombe et al (43) 2010 | UK 93 827 Underestimate

Loo et al (35) 2013 | Singapore 875 Underestimate

Britnell and Koziol- 2015 | New Zealand 376 Underestimate

McLain (36)

Ali et al (42) 2012 | Trinidad and 1723 Underestimate

Tobago

Developing Countries

Varghese et al (38) 2006 | India 500 Overestimate

Geduld et al (1) 2011 | South Africa 2832 Accurate

House et al (40) 2012 | Kenya 967 Accurate

Georgoulas and Wells | 2016 | South Africa 300 Underestimate

(46)

Bowen et al (45) 2017 | Zambia 1381 Overestimate

Being one of the earliest and most common age based techniques employed, the

original APLS formula is often used as a gold standard against which other formulae

were derived or validated. These studies will be discussed either under the relevant

formula or under combination studies, if more than one formula was evaluated.
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1.2.3 Argall formula

In 2003, Argall et al (11) compared the Broselow tape technique and APLS formula
to the measured weight. The study included 300 children attending an emergency
department in the UK. They concluded that although the study confirmed that both
methods of estimation correlated well with actual weight, there were significant
outliers, and that with increasing age and weight they became more inaccurate.
Once again, this was explained by the increasing trend of overweight and obesity in
the developed country populations. The Argall formula was then derived using the

same dataset:
Weight (kg) = (age in years + 2) x 3.

A subsequent study by Nguyen et al (47) failed to validate the formula. Even though
the study was conducted in Australia, also classified as part of the developed country
population, the formula underestimated weight with a mean bias of —1.66 kg,
compared to only —0.52 kg in the derivation study. The sample population is stated
as a limitation, however this is a limitation of every study attempting to validate or

compare weight estimation techniques.
No other studies purely validating the Argall formula were identified.
1.2.4 Luscombe and Owens formula

In 2007 Luscombe and Owens (13) collected data on the ages and weights of

17 244 children aged 1 — 10 years. The sample was taken from a large emergency
department in a major city in the UK. The aim was to compare the data with the
APLS formula, and if a significant difference was found, a more accurate formula

would then be derived using the same data set.

A sample size calculation was carried out to establish the minimum number of
children needed to provide adequate data to allow individual age group analysis.
This was determined to be 400 per age group. Data were collected from 17 244

children, aged 1 - 10 years of age (13).

The APLS formula was found to underestimate weight by a mean percentage

difference of 18.8%, attributed to the rising trend of overweight and obesity in the
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studied population. A new formula, the Luscombe and Owens formula, was then

derived:
Weight (kg) = (age in years x 3) + 7.

This formula was found to be the most accurate with a mean percentage
underestimate of only 2.5%. It was the same as the APLS formula at age one, but

more accurate at all other ages (13).

The authors did conclude that the use of two formulae would be more accurate than
one, given the change in the age-weight relationship at approximately six years of
age. However, they found that in the stressful environment the use of one formula is

more appropriate, as it decreases the potential for error (13).

In 2010, Luscombe et al (43) attempted to validate the formula described in their
earlier study. The sample population of 93 827 children was also from a city in the
UK and showed similar results to their previous study. They found that the APLS
formula underestimated children’s weights by a mean percentage difference of
33.4% over the age range 1 — 16 years, compared to a mean percentage

underestimate of only 6.9% using the formula derived in their earlier study (43).

In 2011, Kelly et al (48) collected data from 410 Australian children. Their primary
objective was validation of weight estimated by the Luscombe and Owens formula,
to measured weight. Their secondary objective was a comparison to three other
weight estimation formulae: The Argall, APLS and Best Guess formulae. It was
found that 46% of the Luscombe and Owens formula estimates were within 10% of
measured weight. Accuracy deteriorated at higher measured weight. The
performance of the Luscombe and Owens formula was similar to the Best Guess

formulae and better than the Argall formula and the APLS formula (48).

In 2012, Ali et al (42) attempted to primarily validate the original APLS formula which
was commonly used in the Trinidadian population for children aged 1 — 5 years. Its
validity was being questioned in developed countries with the Luscombe and Owens
being shown to be a better estimate in these populations. A ‘best fit’ formula was
derived from linear regression analysis of the measured weights and also compared
to the above two formulae. The precision and accuracy of the three formulae were
not significantly different from each other. The percentage estimates within 10% of
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actual weight for the APLS, Luscombe and Owens and ‘Best fit’ formulae were 46%,
42% and 48% respectively. A recommendation was made to continue using the

APLS formula as it was well known, simple and widely taught in their setting (42).

Skrobo and Kelleher (37) compared the Luscombe and Owens to the original APLS
formula, their motivation being the increased incidence of obesity in their population.
Data were collected from 3155 Irish children aged 1 — 15 in 2013. Their findings
confirmed their suspicion of underestimation. The APLS underestimated weight by a
mean of 20 % while the Luscombe and Owens showed a mean underestimation of
4% (37).

1.2.5 Best Guess formulae

In 2007 the Best Guess formulae were derived in Australia. With a substantial
increase in children either classified as overweight or obese in developed countries,
Tinning et al (14) identified the need for a revised formula. A study group of 67 363
was utilised in order to derive formulae that reflected the relationship between age
and weight for each of three different age groups. According to the authors, a single
formula could not be used to accurately estimate weight across a wide age range
due to the different growth profiles throughout different age groups. The data were
subsequently divided into three age groups. These were based on three social
milestones in children corresponding to changes in growth velocity (14). The
formulae are described as:

For infants <12 months: Weight (kg) = (age in months + 9) x 2
For children aged 1 — 4 years: Weight (kg) = (age in years + 5) x 2
For children aged 5 — 14 years: Weight (kg) = age in years x 4.

Later in 2007, the formulae were externally validated by Kelly et al (49). The study
was carried out in a single multi-ethnic Australian population and included 410
children (11 years and younger). They found that the Best Guess formulae were
accurate to within 20% of measured weight on more than 75% of the time inthe 1 - 4
year group, and more than 60% of the time in the 5 — 11 year group (49).
Comparatively, the Best Guess formula performed moderately well, but had a

tendency to overestimate weight particularly in children with a lower BMI (49). The

13



differences however could be accounted for by the different sample population as
the derivation study population were all Caucasian, whereas the study by Kelly et al

had 25% non-Caucasian children who were found to be leaner (49).
No other studies exclusively validating the Best Guess formulae were identified.
1.2.6 Parents’, nurses’, and doctors’ estimations

Four studies evaluating parents, nurses or doctors’ estimates were identified since

1999, three from the USA and one from Australia.

In 1999 Harris et al (50) demonstrated that parents, nurses and physicians were all
unable to accurately estimate paediatric patient weights, and that all three groups
were comparably inaccurate. Twenty nine percent of doctors’ estimates, 40% of
nurses’ estimates and 16% of parents’ estimates differed from the actual weight by
more than 15% (50).

Krieser et al (26), in 2007, compared parent estimates and five weight estimation
techniques (Broselow tape technique and four age based formulae) with measured
weight. In this study of 410 Australian children, parents were the most accurate, with

78% of estimates within 10% of measured weight (26).

A 2009 study by Partridge et al (51) concluded that parents were more accurate at
estimating children’s weights than nurses, and were 79% of the time within 10% of
the measured weight. Nurse estimates were far more inaccurate with only 55%
within 10% of the measured weight. The sample population included 812 children

from the emergency department of a children’s hospital in Washington.

Also in 2009, Rosenberg et al (3) demonstrated that the Broselow tape technique
was more accurate than doctors’ estimations except in obese children. The reason
for the discrepancy is uncertain. Sixty three percent of the Broselow tape technique
estimations, compared to only 43% of doctors’ estimates, were within 10% of

measured weight.

From the limited number of studies, doctors (3, 50) and nurses (50) are unable to
reliably estimate the weight of children, whereas with parents’, the results are
conflicting, two studies concluding accuracy (26, 51) and the other not (50). It may

however not be possible to rely on parents’ estimates exclusively, as parents may
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not be available, or unable to recall or estimate weight in an emergency situation (3).
In some instances, the primary caregiver may not be the person accompanying the
child. This may be particularly true in the South African context. These variables
have not been studied and therefore estimates would have to be used in conjunction
with another weight estimation technique, the one chosen being most appropriate for

that population.

1.3 STUDIES EVALUATING MORE THAN ONE WEIGHT ESTIMATION
TECHNIQUE

An attempt has been made to group the studies in a logical order, however this is
challenging as individual studies not only compare different techniques, but also
report results using different parameters of bias, precision and accuracy, some
studies only reporting a mean percentage difference and others only the proportion

of estimates within 10%, 20% or even 30% of the actual weight.

The following two studies evaluate the Broselow tape, APLS formula, and one of two
recently derived formulae: The Best Guess formulae in the case of the first study and
the Luscombe and Owens formula in the second.

In 2010, Casey and Borland (29) recruited 1235 children, aged 0 — 14 years,
presenting to an emergency department in Australia. Of the three techniques
evaluated, the Broselow tape was found to be the most precise across all age
groups. The Best Guess formulae were found to be accurate, particularly in the 1 — 4
year age group, with a tendency to moderately overestimate weight in other age
groups. The APLS formula had the lowest accuracy and precision, underestimating

weight in all age groups.

In 2013, Loo et al (35) recruited 875 Asian children, aged 1 — 10 years, in a
paediatric emergency department in Singapore. Of the three techniques evaluated,
the Broselow tape was again found to be the most accurate only marginally
underestimating weight with a MPD of 0.6%, while the APLS and Luscombe and
Owens formulae, underestimated and overestimated weight with a MPD of 7.6% and
7.4% respectively. With regards to the percentage estimates within 10% of actual

weight the Broselow tape, APLS and Luscombe and Owens were 60%, 46%, and
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36% respectively. The Broselow tape was found to be the most accurate and precise

method of weight estimation (35).

The following two studies identified considered Nelson’s age based formulae from
Nelson’s Textbook of Paediatrics (12). Both studies are from developing countries,
where the formulae still seem to be widely accepted, quiet contrary to developed

countries. No studies validating only Nelson’s formulae could be identified.
The formulae are:
For infants aged 3 — 12 months: (age in months + 9) / 2
For children aged 1 — 6 years: (age in years x 2) + 8
For children aged 7 — 12 years: (age in years x 7 - 5) / 2.

The first is a study from 2006 by Varghese et al (38). The primary objective of this
study was to validate the Broselow tape in an Indian population. The secondary
objective was to validate three of the most commonly employed weight estimation
formulae (APLS, Argall, and Nelson’s formulae) for emergency needs (adrenaline
dose, fluid bolus and endotracheal tube size). The authors questioned these
techniques as they were all derived in the western population, and it was suspected
they would overestimate the weight of Indian children. The Broselow tape was found
to be the most accurate, and of the formulae, they all were found to overestimate

weight.

The second is a study from 2012 by House et al (40). This study aimed to validate
the Broselow tape in a Kenyan population by comparing it to the APLS and Nelson’s
formulae. The Broselow tape and APLS formula were found to be most accurate
(however still overestimating weight) in determining weight with a MPD of — 2.2%
and — 5.2% respectively, while the Nelson’s formulae overestimated weight with a
MPD of — 10%.

Thus, both studies from the developing countries showed a consistent

overestimation with Nelson’s formulae.

One of the first studies evaluating the updated APLS was in 2014 by Graves et al
(52). They compared the actual recorded weights of Australian children to the
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predicted weights using the original and updated APLS, Luscombe and Owens, Best
Guess formulae and the Broselow tape. They found the Best Guess Formulae to be
the most accurate for children over the age of 1 year and the updated APLS more
accurate in children less than 1 year of age (52).

One other study comparing the original and updated APLS formulae was identified.
This study is discussed in the next subsection as it incorporated the Shann formulae
(45).

1.4 FORMULA USED BY ANAESTHETISTS AT ACADEMIC HOSPITALS
AFFILIATED TO WITS

The formula used by anaesthetists in the Department of Anaesthesiology, Wits, has
not, to the researcher’s knowledge, been validated in the South African population.

In fact, there is very little information with regards to this formula. It is suggested from
a prescribed textbook, Clinical Anaesthesiology (15), with no reference to its
derivation or evidence for use. Only in compiling the literature review, did it become
evident that this formula is the same as the Shann formula for children aged 1 - 9
years, despite not being referred to as such in the text. Henceforth this formula will

be referred to as the Wits anaesthesiology formula (Wits-A).

Five studies were identified evaluating the Shann formulae. Both PubMed and
Google were searched for a derivation study with no success. In two (16, 31) of the
three articles the formula is referenced to the same textbook, Emergency Medicine
at your fingertips, second edition. The other articles also reference the formula to
textbooks (36, 45, 53). The author was unable to access the texts online. A brief

summary of each study will follow.

The first is a study from 2005 by Theron et al (16). Five weight estimation techniques
(Broselow tape, Oakley chart, APLS, Leffler and Shann formulae) were evaluated in
909 Pacific Island and Maori children in New Zealand. These children are usually on
the 95th centile on the NCHS standard for weight. The results for this study were
separately reported for four different ethnicities (Maori, Pacific, European and
Asian/Indian children). All of the techniques were found to underestimate weight, and

a new weight chart was derived (16).
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The second is a study by Park et al (31) in 2012. They aimed to derive a new
formula in the Korean population, validate it and then compare it to the Broselow
tape and four other formulae, the Shann formulae being one of them. The sample
size included 124 094 children. The new formula was found to be accurate while all

the other techniques underestimated weight in the Korean population (31).

In 2013, Hegazy and Taher (53) aimed to validate a new formula for Egyptian
paediatric cancer patients against the APLS and Shann formulae. This is a different
population group to the population presenting to the outpatient department where
studies are usually conducted. Some children may be of normal weight, some may
be underweight or malnourished from cachexia while others may be overweight, with
the large bulk of the weight being a tumour or oedema. Both the APLS and Shann
formulae underestimated weight in the paediatric cancer patients, while the new

formula was found to be accurate with a slight tendency to overestimate (53).

The fourth is a study by Britnell and Koziol-Mclain (36) where they intended to
determine the accuracy of paediatric weight estimation techniques used in New
Zealand. The Broselow tape and three other formulae (APLS, Shann and Theron)
were evaluated for children aged 5 — 10 years at five Auckland schools. The
Broselow tape was found to be the most accurate method of weight estimation (73%
of estimates within 10% of actual weight) with poor performance by the age based

formulae (proportion of weight estimates ranging from 28 — 46%) (36).

In 2017 Bowen et al (45) evaluated the Broselow tape and 14 weight estimation
formulae (including the original and revised APLS, Luscombe and Owens, and
Shann formulae). The Broselow tape was found to be the most precise and accurate
weight estimation technique with a mean percentage overestimation of 4.3 and 47%
of estimates within 10% of actual weight. With regards to the age based formulae the
original APLS was found to be most accurate with a mean percentage
overestimation of 8.1% and 38% of estimates within 10% of actual weight. All the
formulae overestimated weight. This was attributed to the fact that 8% of the
population were severely malnourished. Zambia is classified as a lower middle-
income country whereas South Africa is classified as upper middle-income by the
World Bank (28) and although both are developing countries the results of one study

may be significantly different to the other.
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1.5 THE SOUTH AFRICAN STUDIES

Three studies were identified, two of which evaluated both height and age based
techniques, and one which attempted to validate a technique developed in South

Africa.

In 2011 Geduld et al (1) evaluated four weight estimation techniques (Broselow tape,
APLS, Luscombe and Owens and Best Guess formulae) in order to determine which
were most accurate for children in the Western Cape, South Africa. They included
2832 children aged 1 — 10 years. Although ethnicity was not recorded, the same
population was previously described as having the following ethnic distribution: Black
56%, Coloured 30%, Asian 8%, White 4%, and other 2%. The Broselow tape and
APLS formula were found to be the most accurate with overall mean percentage
underestimation of 0.9% and 3.3% respectively. The Luscombe and Owens and Best
Guess formulae both overestimated weight with mean percentage differences of
-12.4% and —-15.4% respectively. In terms of percentage of estimates within 10% of
measured weight, the Broselow tape and APLS formulae performed similarly with
estimates of 64% and 57% respectively, while the Luscombe and Owens and Best

Guess formulae were only accurate 34% and 31% respectively (1).

The authors emphasised the need to validate the Broselow tape and APLS formula
for the South African paediatric population across all socioeconomic and ethnic
groups, and the necessity to repeat the study every few decades with changing
growth patterns (1).

The second study from South Africa, attempted to validate the Paediatric Advanced
Weight Prediction in the Emergency Room (PAWPER) tape in the emergency
departments of two Johannesburg private hospitals. The PAWPER tape is a length
based weight estimation technique developed by Wells in 2007. A baseline weight
estimation is first made by measuring length after which this value is adjusted
according to the child’s body habitus. Its accuracy was compared to that of the
Broselow tape. The mean percentage error for the Broselow tape and PAWPER tape
was —-3.8 % and 0% respectively. The Broselow tape predicted weight to within 10%
of actual weight in 63.6% of children and the PAWPER tape in 89.2%. The difference
between weight prediction between the two tape measures were more inaccurate in

children greater than 20 kg, and in children above or below average weight-for-
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length. The addition of a measure of body habitus proved to have increased the
accuracy of weight estimation. In this study it out performed the Broselow tape in

terms of accuracy and affordability (17).

Lastly Georgoulas and Wells (46) compared the performance of the Broselow tape,
PAWPER tape, two other length based techniques, and three weight estimation
formulae (Original APLS, Updated APLS and the best Guess formulae). A total of
300 children were included in the study from an outpatient department serviced by
Rahima Moosa Mother and Child Hospital, another hospital in the Gauteng region
affiliated to Wits. Ethnicity was not recorded. The percentage of estimates within
10% for the PAWPER tape was 88% compared to 54% for the Broselow tape, 45%
for the original APLS, 37% for the updated APLS and 20% for the Best Guess
Formulae. The findings regarding the PAWPER tape mirrored the previous study by
Wells et al (17) with similar accuracy and precision even though the sample
populations were very different. The median BMI-for-age centile was 30 in this study
whereas it was 50 in the original PAWPER tape study. The author suggested that
the Broselow tape and the age based formulae were very poor weight estimation
techniques and should no longer be used (46).

1.6 GLOBAL OBESITY EPIDEMIC

Childhood obesity is a global epidemic and gradually affecting many more low- and
middle-income countries. In the last 15 years, the prevalence has increased quiet
drastically. “Globally in 2010, the number of overweight children under the age of
five, was estimated to be over 42 million. Close to 35 million were believed to be
from developing countries. By 2020, if the current epidemic continues, nine percent
of all children less than five will be overweight or obese, nearly 60 million children.
The WHO has reported that the fastest overweight and obesity growth rates are in
Africa with the number almost doubling from 1990 to 2010” (54).

1.7 DEFINING AND CLASSIFYING OVERWEIGHT AND OBESITY

According to the WHO overweight and obesity are defined as “abnormal or
excessive fat accumulation to the extent that it may have adverse effects on the
health and well-being of the patient” (55).
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Numerous measures have been employed to evaluate overweight and obesity.
Some of these include clinical assessment, skinfold thickness, weight-for-age growth
curves, and BMI. By far the most common is a BMI (54). BMI-for-age is not used
before 2 years of age as at younger ages there is a weak association with
adolescent or adult obesity. The measurement of BMI is a screening not a diagnostic
tool (56). It only identifies children and adults with increased body weight, this could
be increased adiposity or muscle bulk. However, at present, it is the best measure
available in terms of cost and convenience (57).

1.8 DEFINING AND CLASSIFYING BMI

BMI is defined as the weight divided by the height squared. Unlike adults, in children,
the classification of nutritional status based on BMI is slightly more complex, and to
date there is still no consensus. This is because adiposity varies with age and
gender during childhood and adolescence, and therefore BMI is age and gender

specific (56).

Three different classification systems are used to interpret BMI in children. These
include reference sets by the International Obesity Taskforce (IOTF), the Centres for
Disease Control and Prevention (CDC) and the WHO. However, these charts have
been compiled with data from developed countries ,and therefore pose the same
problem as weight estimation techniques, there are no normative values for

developing countries (54).
In 2008, Quak et al (58) suggested the following as a guideline:

e “for epidemiological studies, the definition introduced by the IOTF (59) should
be used to define overweight and obesity in children and adolescents aged 2 -
18 years. This definition allows international comparison of trends in
overweight and obesity.

e for clinical use, BMI for age charts should be used. The decision as to which
particular reference chart should be used has to be considered individually by

the different national groups” (58).

A brief discussion on the development and guidelines recommended by the CDC,
WHO and IOTF will follow.
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1.8.1 CDC recommendations

The CDC Growth Charts were released in May 2000. They include revised versions
of the growth charts developed by the NCHS in 1977 and the addition of the new
BMI-for-age charts (56). The data used to construct the new charts differ from the
1977 NCHS charts in that they are based on a nationally representative reference
population. The 1977 Growth Charts were based on a sample that consisted

primarily of white middle-class children from south-western Ohio (56).
The interpretation is as follows for children of the same age and sex:

e ‘“underweight is defined as a BMI less than the 5th percentile

e healthy weight is defined as a BMI from the 5th percentile to less than the
85th percentile

e overweight is defined as a BMI at or above the 85th percentile and lower than
the 95th percentile

e obesity is defined as a BMI at or above the 95th percentile” (56) .

The rationale for the use of these criteria is that a BMI at the 95th percentile in the
USA population corresponds to a BMI of 30 in adults, which is the value used to
define obesity (56). A BMI at the 85th percentile corresponds to a BMI of 25, which is

the value corresponding to the upper limit of normal weight (56).
1.8.2 WHO and CDC combined recommendations

In 2006, the WHO published new international growth charts for children aged 0 — 59
months. In the same year the CDC, the National Institutes of Health, and the
American Academy of Paediatrics assembled a professional panel to review the
evidence and discuss the possible use of the new WHO Growth Charts in clinical
settings in the USA. It was recommended that clinicians in the USA use the 2006
WHO International Growth Charts for children aged less than 24 months, and the
CDC growth charts for children and adolescents aged 2 - 19 years (60).

The reason for using the WHO Growth Charts in children less than 24 months is that
infants who are breastfed are the standard by which all children should ideally be
compared to, and in deriving the WHO Growth Charts, every child in the sample was
breastfed for at least 12 months (60).
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1.8.3 IOTF recommendations

In 2000 the IOTF suggested an international definition for childhood obesity. This
was based on data from 192 727 children from six countries (USA, UK, Hong Kong,

Brazil, Singapore and the Netherlands) (59).

In 2012 Cole and Lobstein (61) revised the existing IOTF and thinness references.

The revised IOTF cut-offs correspond to the following BMI cut-offs at 18 years (61):

e “16 thinness grade 3

o 17 thinness grade 2

e 185 thinness grade 1

o 23 overweight (unofficial Asian cut-off)
o 25 overweight

o 27 obesity (unofficial Asian cut-off)

e 30 obesity

e 35 morbid obesity” (61).

The IOTF tables provide cut-offs at one month intervals from age 2 — 18 years.

Separate charts are available for boys and girls (61).
1.9 THE SOUTH AFRICAN POPULATION

South Africa is considered as a rapidly developing country with a mixture of
ethnicities and socioeconomic classes (1). In 2011, 50.5 million people were
censored. Of these 80.2 % were Black, 8.4 % were White, 8.8 % Coloured, 2.5%
Asian (Indian) and 0.5% other (62).

The incidence of overweight and obesity in South Africa parallels that seen in
developed countries more than a decade ago (54). In a review article published in
2012, Rossouw et al (54) highlighted the results of all major studies on the
prevalence of overweight and obesity in South African children and adolescents. The
more recent studies demonstrated a mean prevalence of just over 15% for

overweight and obesity combined, higher in girls than boys.
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South Africa faces the so-called double burden of disease, paralleled by other low-
and middle-income countries. This is described as the co-existence of obesity and

malnutrition in the same individual, in the same family or the same population (54).

This compounds the problem even further, emphasising the need for further
research to assess the South African population with regards to nutritional status and

institute appropriate interventions or preventative measures.
1.10 SUMMARY

In summary, a detailed review on weight estimation techniques, the rising trend of
overweight and obesity and the assessment of BMI has been reviewed. The
concerns regarding the South African population both with regards to weight

estimation techniques and BMI have been highlighted.
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to the length and formatting of the research article.
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Figures
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Review and action
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SECTION 3: DRAFT ARTICLE

This section presents the draft article in the format specified by the Southern African
Journal of Anaesthesia and Analgesia, which is the intended journal of publication.

The font and references are therefore different to the other sections presented.

36



COMPARISON OF WEIGHT ESTIMATION FORMULAE IN

PAEDIATRIC PATIENTS AT CHRIS HANI BARAGWANATH

ACADEMIC HOSPITAL

Authors:

Zakiyya Soni, MBBCh (Wits) DA (SA)

Helen Perrie, MSc

Juan Scribante, MCur

Estie Mostert, MBChB (Pret), DA (SA), FCA, MMed (Anaes)

Department of Anaesthesiology, School of Clinical Medicine, Faculty of Health Sciences, University

of the Witwatersrand

Corresponding author

Zakiyya Soni

Department of Anaesthesiology, Helen Joseph Hospital
Private Bag X47

Auckland Park

Randburg

2125

Sonizaks4@hotmail.com

0114891011

Keywords

Paediatric weight estimation, APLS formula, Luscombe and Owens formula, Shann formula, BMI

37


mailto:Sonizaks4@hotmail.com

Abstract
Background

Accurate weight determination is essential in providing optimal care to the paediatric population, as both over-
and under-estimation can be detrimental. This study aimed to compare the accuracy and precision of three
paediatric weight estimation formulae, the Advanced Paediatric Life support (APLS), the formula used by
anaesthetists in academic hospitals affiliated to the University of Witswatersrand (Wits-A), and the Luscombe
and Owens (LO) formula, to the measured weight of children at the Chris Hani Baragwanath Academic Hospital
(CHBAH) paediatric outpatient department (POPD).

Methods

A prospective, contextual, descriptive study design was used with quota sampling. Four hundred children aged 1

— 10 years were recruited for the study. Age, gender, ethnicity, weight and height were recorded.
Results

On average the APLS formula performed the best with 49 % of estimates within 10% of the actual measured
weight (PW10), the lowest mean percentage difference (MPD) of 0.7% and the narrowest 95% limits of
agreement. The Wits-A formula followed with a PW10 of 41% and a MPD of -5.2% while the LO formula had
a PW10 of 24% and a MPD of -19.4%.

Conclusion

An accurate and precise weight estimation technique remains elusive and the gold standard is a measured
weight. The APLS formula was however found to be the most accurate in the CHBAH population and should be

used over the Wits-A formula if a formula has to be used.
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Introduction

Accurate weight determination is essential in providing optimal care to the paediatric population. Prescribed
fluid volumes, most drug dosages, defibrillation energy selections, ventilator tidal volumes and airway device
sizes, are calculated or estimated utilising body weight. Both overestimation and underestimation of a child’s
weight may lead to suboptimal care and related morbidity or mortality. * To date the gold standard is still a
measured weight. 2 However, this may be impossible in a critically ill child requiring immediate resuscitation or

in settings where calibrated, working scales may be scarce.

Numerous techniques have been derived in order to help with paediatric weight estimation. These techniques are
either height based or age based. The Broselow tape is one of the most commonly employed height based
techniques. The age based calculation formulae include the original and updated Advanced Paediatric Life
Support (APLS) formulae, the Argall formula, LO formula, and Best Guess formulae. * * The advantages of
height based techniques are that they are simple to use and reduce the cognitive load of recalling formulae.
Advantages of age based formulae are that they can be used in any environment, allow pre-preparation of

equipment and medication and there is no equipment cost. °

The Broselow tape technique and the original APLS formula are two of the earliest methods described. The
Broselow tape technique has been validated in several studies both in developed and developing countries. * ¢
However, its usefulness in populations where obesity rates have increased has been questioned. ® Similar
findings of underestimation regarding the APLS formula have also been shown. * % ° The subsequent formulae
were all developed in an attempt to address the issue of an increasing number of children either classified as
overweight or obese in the developed world. The Broselow tape, the APLS and all the subsequent age based
formulae have been derived and mostly validated in countries; defined by the World Bank as developed. ' *?

The utilisation of these methods in developing countries where malnutrition is prevalent is not well studied.

The original APLS formula, was revised in 2011. Three new formulae were proposed, for infants 1 — 11 months,
children aged 1 — 5 years and children aged 6 — 12 years. The formula for children aged 1 — 5 years is equivalent
to the current APLS formula, whereas the formula used for 6 — 12 years is the same as the LO formula. **** The
original formula is, however, still being used in the European Paediatric Life Support course. In reviewing the

literature, it became evident that even studies after 2011 referred to the original APLS formula.
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The formula used by anaesthetists in the Department of Anaesthesiology, University of the Witwatersrand
(Wits), has not, to the authors’ knowledge, been validated in the South African population. In fact, there is very
little information with regards to this formula. It is suggested from a prescribed textbook, Clinical
Anaesthesiology with no reference to its derivation or evidence for use. * Henceforth is will be referred to as
the Wits Anaesthesiology (Wits-A) formula. Only when reviewing the literature, did it become evident that this
formula is the same as the Shann formula for children aged 1 — 9 years, despite not being referred to as such in
the text. A limited number of studies were identified regarding the Shann formula and no derivation study could

be found. It is referenced to two New Zealand textbooks which the author was unable to access. &

Doctors, nurses and parents’ estimates have also been evaluated. From the limited number of studies, doctors *
18 and nurses *® are unable to reliably estimate the weight of children, whereas with parents’, the results are
conflicting, two studies concluding accuracy * *° and the other not. *® It may, however not be possible to rely on
parents’ estimates exclusively, as parents may not be available, or unable to recall or estimate weight in an
emergency situation. 2 In some instances, the primary caregiver may not be the person accompanying the child.

This may be particularly true in the South African context.

There is limited literature regarding the use of the most appropriate technique for the South African population,
and to date only three studies have been identified. *** The results from these studies, however, may not be able
to be extrapolated to all regions of South Africa due to the diversity of the population, both in terms of ethnic
and socioeconomic distribution. Determinants of weight are complex and are influenced by gender, genetics,
and ethnicity in addition to age and height/length. Therefore, there is a need to determine the most appropriate

technique for the South African, and specifically the CHBAH paediatric population.

We therefore undertook a study with the aim of comparing three paediatric weight estimation formulae; the
original APLS, the Wits-A, and the LO formulae, to the measured weight of children at the CHBAH POPD. The
original APLS was selected over the updated APLS formulae as the original APLS is more widely used by
clinicians in the Wits circuit. This formula is still shown to be accurate in developing countries while the
Luscombe and Owens has been shown to be more accurate in developed countries. The results of the study

would give an indication as to which of the formulae is most accurate in our population.

The body habitus of the CHBAH paediatric population using the Body Mass Index (BMI) as an anthropometric
index would also be described. BMI-for-age is not used before 2 years of age as at younger ages there is a weak
association with adolescent or adult obesity. %
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Methods

A prospective, contextual, descriptive study design was used. Approval to proceed with this study was obtained
from the Human Research Ethics Committee (Medical), Wits, and other relevant authorities. Patient

confidentiality was maintained as there was no documentation regarding the individual patient’s identity.

With the assistance of a biostatistician, a sample size of 40 children (20 males and 20 females) per age group (1
— 10 years) was found to constitute an adequate sample size to provide sufficient data for individual age group
analysis. This was calculated based on a maximum allowable difference of 0.00485 between the weight
estimation formulae and actual weight, with a power of 80% and a significance level 0.05. In

total 400 children were included in the study. The research was conducted at the CHBAH paediatric outpatient
department (POPD). CHBAH is a Wits affiliated central hospital in Johannesburg, Gauteng. It services one of
the largest populations in the southern hemisphere and is the referral centre for a number of smaller, regional

hospitals. The clinic operates every day of the week and approximately 100 children are consulted per day.

Caregivers (parents, guardians or caregivers) and their children were invited to participate in the study as they
arrived in the department. Following agreement, an information letter was given to them, and parents were
asked to sign informed consent while children eight years and older were asked to sign an assent form. All
children aged 1 — 10 years (inclusive) presenting to the POPD were screened except critically ill children
requiring immediate intervention or resuscitation, chronically ill children known to a specialist clinic and

children who were oedematous or had severe joint contractures.

Weight and height are routinely measured on arrival in the POPD, prior to joining the queue. The nursing staff
were approached to allow the author (ZS) to do the routine measurements. Data were collected in a summer
month of 2014, until the sample size was reached. Age, gender, ethnicity, weight and height were recorded. Age
was rounded down to the last completed year. Ethnicity was recorded as Black, White, Coloured, Indian or
Asian. Weight was rounded to the nearest 0.1 kg. Standardisation was achieved by use of a calibrated, standing
scale (Seca medical scale) and each child was weighed with light clothing and no shoes. Height was rounded to
the nearest 0.1 cm and measured using a stadiometre attached to the wall. Children stood upright, backs and

heels against the back bar of the stadiometre, arms to the side with palms facing inwards.

The raw data were captured on a Microsoft Excel ® 2007 spread sheet. The formulae used to estimate weight

based on age, as well as the formula used to calculate BMI were pre-programmed into this spread sheet. Table |
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summarises these calculations. The data were analysed using the software programme (Graphpad Prism®), in
consultation with a biostatistician. Age, gender, ethnicity, weight, height and BMI were reported using
descriptive statistics. Normally distributed data were analysed using the means and standard deviations, whilst

skewed data were analysed using the medians and interquartile ranges.

Table I. Calculation of weight estimation formulae and BM1 as well as their age parameters

Formulae Calculation Parameters
Original APLS formula ® (Ageinyears +4)x 2 1 - 10 years
Wits-A formula (Age in years x 2) + 9 Not specified
LO Formula®™ (Age in years x 3) + 7 1—10 years
BMI (Weight in kg) / (height in m)® 2 — 20 years

The assessment of accuracy for weight estimation techniques necessitated two analyses. The first was whether
the technique on average calculated the correct answer. The second was the degree of variability in a technique
when applied to many children of almost identical weight. These two analyses were, respectively, measurement
bias and precision. " The bias was determined from the mean percentage difference (MPD). The standard
deviation of the MPD was used to estimate the precision of the formulae in approximating the true weight. The
Bland-Altman plot is a graphical representation of the measurement bias and precision. An analysis of the
number of estimates within 10% of the measured weight (PW10) was also performed for each technique. This is
a further indication and the most accepted evaluation of accuracy. The suggested minimum requirement for

accuracy is 60% of estimates to be within 10% of actual weight. %°

BMI was graphically represented on gender specific BMI-for-age growth charts developed by the Centres for
Disease Control and Prevention (CDC). % Table Il summarises the interpretation of BMI for children of the

same age and gender.

Table I1. Interpretation of BMI for children **

BMI Interpretation
BMI less than the 5th percentile Underweight
BMI from the 5th percentile to less than the 85th percentile Healthy weight

BMI at or above the 85th percentile and lower than the 95th percentile | Overweight

BMI at or above the 95th percentile Obese
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Results

A total of 497 children were screened of which 400 were recruited for the study. Of the 97 children who did not

fulfil the inclusion criteria, 80 of these children were outside the specified age cut-offs, two children above the

age of 8 refused to participate, and 7 children were critically ill and immediately transferred for resuscitation.

There were 20 boys and 20 girls in each age group with a total of 200 boys and 200 girls. The sample population

consisted of the following ethnic distribution: Black (97%), Indian (1%), and Coloured (2%).

Weight and height for each age category is reflected in Table 111 as is the BMI for girls and boys aged 2 — 10
years. Combined male and female results are presented, as separate gender analysis was not statistically

significant and yielded similar conclusions. Figure 1 illustrates the mean measured weights for each age

category and the estimated weight using the three different formulae.

Table I11. Weight and height and BMI for gender per age category

Age Weight (kg) | Height (cm) Girls BMI Boys BMI

(years) | mean (SD) mean (SD) mean (SD) mean (SD)
1 9 (1) 76 (6)
2 11(2) 84 (5) 16.3 (2.1) 16.0 (1.8)
3 14 (2) 94 (5) 15.6 (1.1) 16.9 (2.1)
4 16 (4) 100 (6) 16.4 (2.9) 16.1 (1.4)
5 19 (4) 110 (7) 15.7 (2.1) 15.6 (2.1)
6 21 (4) 114 (6) 15.4 (1.5) 16.2 (2.0)
7 23 (5) 120 (6) 15.1 (2.1) 16.4 (2.8)
8 26 (5) 125 (6) 17.1(2.8) 16.2 (3.3)
9 27 (5) 131 (8) 16.0 (1.6) 16.2 (2.8)
10 33 (6) 137 (9) 17.3(3.1) 17.6 (2.5)
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Figure 1. Mean measured weights for each age category, and the estimated weight using the 3 different

formulae

The APLS formula underestimated the weight in all age groups. Both the Wits-A and LO formulae

overestimated weight. This is reflected in Table IV.

Table IV. Mean percentage difference (MPD), standard deviation (SD), 95% limits of agreement (LOA)

and PW10 for each weight estimation formulae

MPD SD 95% LOA PW10
APLS 0.7 16.8 -09to 2.5 49%
Wits-A -5.2 18.4 -7.1t0-34 41%
LO -19.4 20.4 -21.7t0-17.7 24%

With regards to the Bland-Altman plots, the three techniques consistently demonstrate an agreement in the
lower weight groups (approximately < 20kg) with decreasing accuracy in the higher weight groups
(approximately > 20kg). The outliers reflect those children who were either extremely under- or over-weight for

a particular age group. This is shown in Figure 2.
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On average the APLS formula performed the best with 49% of estimates within 10% of the actual measured
weight. The Wits-A formula followed with 41% while the LO formula only estimated 24% of weights to within

10% of the actual weight. These results are reflected in Table IV.

BMI is represented on gender specific BMI- for- age growth charts in Figure 3 and Figure 4. The BMI of our

study population, both for girls and boys, was found to be between the 25" and 75" percentile.

CDC Growth Charts: United States
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Discussion

There are many techniques available to estimate the weight of children, the majority of these being age based
formulae. However, the applicability of techniques derived in the developed countries to the developing

countries is not well established. *°

South Africa is regarded as a rapidly developing country facing the so-called double burden of disease,
paralleled by other low- and middle-income countries. This is described as the co-existence of obesity and
malnutrition in the same individual, in the same family or the same population. * Not only is it difficult to
extrapolate findings from other developing countries but there are also regional socioeconomic differences
within the South African population. Of concern is the global epidemic of obesity, where once thought to be
isolated to the developing world, is increasingly affecting many low- and middle-income countries. The WHO
has reported that the fastest overweight and obesity growth rates are in Africa with the number almost doubling
from 1990 to 2010. 2* The BMI, both for girls and boys in this study, demonstrated a healthy weight. The girls

and boys were both between the 25" and 75™ percentile BMI for CDC growth charts.

The sample was, however, taken from one hospital in the Gauteng region, and although CHBAH is one of the
largest hospitals in the southern hemisphere, it services a specific population in terms of ethnicity and

socioeconomic status. The sample is therefore only reflective of this population and may not be generalizable to
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other regions of the country. The sample was also taken in the paediatric outpatient department, and therefore

excluded children attending specialist clinics, those with chronic conditions, and the critically ill.

In this study, the APLS formula performed the best in terms of bias, precision and overall accuracy (MPD 0,7%,
SD 16.8% and 49%). This was followed by the Wits-A (MPD -5.2%, SD 18.4% and 41%), and lastly the LO
formula (MPD -19.4%, SD 20.4% and 24%). No other identified studies have compared the same weight
estimation formulae combination as in our study. Therefore, the results of the three formulae will be discussed
separately. The findings of underestimation, overestimation or accuracy are as defined by the authors of the
respective articles. This implies that a weight estimation technique may still under- or over-estimate and be

recorded as accurate.

Being one of the earliest and most common age based techniques employed, the original APLS formula is often
used as a gold standard against which other formulae were derived or validated. In this study the APLS formula
marginally underestimated weight with a MPD of 0.7%, but a PW10 of 49% thus not meeting the suggested
minimum requirement for accuracy (60% of estimates within 10% of actual weight). The APLS formula has
been shown in previous studies to be more inaccurate at weights greater than 20 kg. '*? This finding was also
observed in our study potentially accounting for the above findings. The APLS formula has consistently been
shown to underestimate weight in the developed world *** %28 The findings in the developing world are
contradictory with three studies, from India %, Zambia ** and Kenya ®, reporting overestimation, and the SA

studies 1* %

reporting an underestimation. This discrepancy can be explained by the World Bank Classification
of economic status according to income level as developing countries are further subdivided into upper middle-,
lower middle-, and low income countries. SA is classified as upper middle-income, India and Kenya as lower
middle-income, and Zambia as low income. The underweight and malnutrition rates are very different in an
upper middle-income country compared to a low income country. *? With regards to the other SA studies, the
findings regarding the APLS formula were paralleled by Geduld et al *° and Georgoulas and Wells. #* In both
studies, despite outperforming the other weight estimation formulae evaluated, the APLS formula did not meet

|19

the minimum requirement for accuracy. The PW10 for this study, Geduld et al = and the study by Georgoulas

and Wells ?* were respectively 49%, 57% and 45%.

The Wits-A formula which is the same as the Shann formula for children aged 1 — 9 years overestimated weight
in this study. This is in keeping with the only study identified from a developing country. ** The Shann formula

underestimated weight in all of the studies identified from developed countries. "%
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The LO formula, derived in order to address the problem of increasing rates of overweight and obesity
overestimated weight in this study. This is consistent with studies from other developing countries. **** 2! The
children in this study were of normal weight. The LO formula has been shown to be accurate in the developed

world, only marginally underestimating actual weight. * 3%

From the results of this study, it has become evident that a weight estimation technique in the elective or semi-
emergency setting is suboptimal. These children should be weighed with a calibrated scale. In an emergency
situation where it may be difficult to weigh a child, the existence of a validated weight estimation technique can
offer the clinician a baseline from which to work. However to improve accuracy and eliminate confounders, the

incorporation of both length (which correlates more significantly with weight than age " *°

) and an adjustment
for body habitus would have to be included. In this regard the South African Paediatric Advanced Weight
Prediction in the Emergency Room (PAWPER) tape seems to be the most promising weight estimation
technique as it fulfils both these requirements in addition to providing emergency drug doses thus further

reducing cognitive error. © 1t would have to be further evaluated in our population before a firm

recommendation can be made.
Conclusion

An accurate and precise weight estimation technique remains elusive and the gold standard is still an actual
weight. With regards to the CHBAH population the original APLS formula was found to be the most accurate of
the three formulae evaluated, despite not meeting the minimum requirement for accuracy. This formula is easily
memorised and still widely taught and used despite having been updated. The author suggests the use of this

formula over the Wits-A formula if a formula has to be used.
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5.1 INTRODUCTION

Accurate weight determination is essential in providing optimal care to the paediatric
population. Prescribed fluid volumes, most drug dosages, ventilator tidal volumes
and airway device sizes, are calculated or estimated utilising body weight. Both
overestimation and underestimation of a child’s weight may lead to suboptimal care
and related morbidity or mortality (1). In the emergency setting it is often impossible
to weigh a child prior to intervention, and in other instances there may be no

resources, such as a working, calibrated scale.

Numerous techniques have been derived in order to help with paediatric weight
estimation. These techniques are either height based or age based. The Broselow
tape is one of the most commonly employed height based techniques. The age
based calculation formulae include the original and updated Advanced Paediatric
Life Support (APLS) formula, the Argall formula, Luscombe and Owens formula, and

Best Guess formulae (2, 3).

The Broselow tape technique has been validated in several studies both in
developed and developing countries (1, 4-7). However, its usefulness in populations
where obesity rates have increased has been questioned (6). Similar findings of
underestimation regarding the original APLS formula have also been shown (3, 4, 8).
The Broselow tape technigue and the original APLS formula are two of the earliest
methods described.

The subsequent formulae (Argall, Best Guess, Luscombe and Owens, and updated
APLS) were all developed in an attempt to address the issue of an increasing
number of children either classified as overweight or obese, in the developed world.
Conversely, the utility of these methods in developing countries where malnutrition is

prevalent is not well studied (6).

Parent and health care workers’ estimations have also been evaluated. From the
limited number of studies, doctors (9, 10) and nurses (9) are unable to reliably
estimate the weight of children, whereas with parents’, the results are conflicting, two
studies concluding accuracy (2, 8) and the other not (9). It may however not be
possible to rely on parents’ estimates exclusively, as parents may not be available,

or unable to recall or estimate weight in an emergency situation (10). In some
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instances, the primary caregiver may not be the person accompanying the child. This

may be particularly true in the South African context.

Three studies were identified from South Africa, two of which evaluated both height
and age based techniques (11, 12), and one which attempted to validate a technique
developed in South Africa (13).

In 2011 Geduld et al (11) evaluated four paediatric weight estimation techniques in
the Western Cape population. They found that the Broselow tape and APLS formula
were accurate for children aged 10 years and younger whereas the Luscombe and
Owens and Best Guess formulae, both based on recent developed country data,
overestimated weight in all age groups (11).

The second study attempted to validate the PAWPER tape in the emergency
departments of two Johannesburg private hospitals. The PAWPER tape is a length
based weight estimation technique which was developed in South Africa in 2007,
and its accuracy was compared to that of the Broselow tape. The addition of a
measure of body habitus proved to have increased the accuracy of weight
estimation. In this study it outperformed the Broselow tape both in terms of accuracy
and affordability (13).

Lastly Georgoulas and Wells (12) compared the performance of the Broselow tape,
PAWPER tape, two other length based techniques, and three weight estimation
formulae (Original APLS, Updated APLS and the best Guess formulae) in children
recruited from Rahima Moosa Mother and Child Hospital, a public hospital in
Johannesburg affiliated to Wits. The PAWPER tape outperformed the other
techniques and the authors suggested that the Broselow tape and the age based
formulae were very poor weight estimation techniques and should no longer be
used. The findings regarding the PAWPER tape were mirrored in the study by Wells
et al (13) with similar accuracy and precision even though the sample populations
were very different. The median BMI-for-age centile was 30 in the study by

Georgoulas whereas it was 50 in the original PAWPER tape study (12).
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5.2 PROBLEM STATEMENT

There are many techniques available to estimate the weight of children, the majority
of these being age based formulae. However, the applicability of techniques derived

in developed countries, to developing countries is not well established.

With regards to the South African population, there is limited literature regarding the
use of the most appropriate technique. The results from the available studies,
however, may not be able to be extrapolated to all regions of South Africa due to of
the diversity of the population, both in terms of ethnic and socioeconomic

distribution.

Secondly, the formula used by anaesthetists in the Department of Anaesthesiology,
University of the Witwatersrand (Wits), has not, to the researcher’s knowledge, been
validated in the South African population. In fact, there is very little information with
regards to this formula. It is suggested from a prescribed textbook, Clinical
Anaesthesiology, with no reference to its derivation or evidence for use (14).
Henceforth this formula will be referred to as the Wits anaesthesiology formula (Wits-
A).

Only in compiling the literature review, did it become evident that this formula is the
same as the Shann formula for children aged 1 — 9 years, despite not being referred
to as such in the text. A limited number of studies were identified evaluating the
Shann formulae (15-19),and both PubMed and Google were searched for a
derivation study with no success. In two (18, 19) of the three articles the formula is
referenced to the same textbook, Emergency Medicine at your fingertips, second
edition. The other articles also reference the formula to textbooks (16, 20). The

author was unable to access these texts online.
5.3 AIM

The aim of the study is to compare three paediatric weight estimation formulae, the
original APLS, Wits-A, and the Luscombe and Owens formulae, to the measured
weight of children at the Chris Hani Baragwanath Academic Hospital (CHBAH)
outpatient department.
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5.4 OBJECTIVES

The objectives are to:

e document the actual height of each child

document the actual measured weight of each child
e calculate the estimated weight using the original APLS formula
e calculate the estimated weight using the Wits-A

e calculate the estimated weight using the Luscombe and Owens formula

e compare the actual measured weight to each of the estimated weight
formulae

e describe the body habitus of the CHBAH paediatric population using the body

mass index (BMI) as an anthropometric index.

5.5 RESEARCH ASSUMPTIONS

The following definitions are used in this study.

Children: study participants aged one year up to and including 10 years of age.
Age: age in years rounded down to last completed year.

Measured weight: child is weighed in kilograms (with light clothing and no shoes)

using a standardised, calibrated scale, and rounded to the nearest 0.1 kg.

Estimated weight: weight is calculated in kilograms using one of the formulae

described below, and rounded to the nearest 0.1 cm.

Body mass index (BMI): an anthropometric index of weight and height that is
defined as body weight in kilograms divided by height in meters squared. BMI-for-
age is not used before two years of age as at younger ages there is a weak
association with adolescent or adult obesity (21).

Original Advanced Paediatric Life Support (APLS) formula (22):

Applicable to children aged 1 - 10 years
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Weight (kg) = (Age in years + 4) x 2.
Wits anaesthesiology formula (Wits-A) (14):
Applicable to children aged 1 — 10 years

Weight (kg) = (Age in years x 2) + 9.
Luscombe and Owens formula (23):
Applicable to children aged 1 — 10 years

Weight (kg) = (Age in years x 3) + 7.
Caregivers: Parent, guardian or caregiver looking after the child.
5.6 DEMARCATION OF STUDY FIELD

The research will be conducted at the CHBAH paediatric outpatient department. This
clinic operates every day of the week and approximately 100 children are consulted

per day.

CHBAH is a central hospital in Johannesburg, Gauteng, and is affiliated to the
University of the Witwatersrand. It services one of the largest populations in the
southern hemisphere and is the referral centre for a number of smaller, regional

hospitals.
5.7 ETHICAL CONSIDERATIONS

Approval to proceed with this study will be obtained from the Graduate Studies
Committee and the Human Research Ethics Committee (Medical), of Wits. At
CHBAH permission will be obtained from the Medical Advisory Committee prior to

the commencement of the study (Appendix A).

Written consent will be obtained from the Head of the CHBAH paediatric outpatient
clinic (Appendix B). The Matron in charge of the clinic will also be informed of the

study.

Patient confidentiality will be maintained as there will be no documentation regarding

the individual patient’s identity.
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Parents’ and children will be invited to participate in the study. Following agreement
from parents’, an information letter will be given to them and they will be asked to
sign informed consent. Children eight years and older will be asked to sign an assent
form after a verbal explanation of the information letter (Appendix C). It is anticipated
that a significant number of patients will be accompanied to the clinic by their
guardians or caregivers. Therefore, the Human Research Ethics Committee
(Medical) will be asked to consider allowing guardians and care givers to give
informed consent, as this study does not involve any invasive interventions.

Collected data will be stored for 6 years.

The study will be conducted by adhering to the South African Good Clinical Practice
Guidelines (24) and the Declaration of Helsinki (25).

5.8 RESEARCH METHODOLOGY
5.8.1 Study design
A prospective, contextual, descriptive study design will be used.

A prospective study design is one in which the variables are measured as the study
is taking place. The cohort, or group of individuals are selected and followed over a
period of time (26). This study is prospective as the variables (age and weight) are

collected or measured over a period of time until the sample size is achieved.

A contextual study occurs in a specific location or area (27). This study will be
contextually conducted at CHBAH paediatric outpatient department.

A descriptive study design is used to gain more information about certain
characteristics within a particular field of study. There is no intention of establishing
causality. This study design assists in acquiring knowledge in an area where limited
literature has been published (28). For the reasons mentioned above, this is the

most appropriate study design for this study.
5.8.2 Study population

The study population will include all children presenting to the CHBAH paediatric

outpatient department.
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5.8.3 Study sample
Sample size

With the assistance of a biostatistician, a sample size of 40 children per age group
(20 males and 20 females) would constitute an adequate sample size to provide
sufficient data for individual age group analysis. In total there will be 400 children
included in the study.

Sample method
A quota sampling method will be followed in this study.

Quota sampling uses a convenience sampling technique with an additional strategy
to ensure adequate representation of patients in each stratum for the planned

statistical analysis. (29)
Inclusion and exclusion criteria
Inclusion criteria for this study are:

e all children aged 1 - 10 years (inclusive) presenting to the CHBAH paediatric
outpatient department

e children of caregivers who have agreed to the participation of their child in the
study.

Exclusion criteria for this study are:

e critically ill children requiring immediate intervention or resuscitation
e chronically ill children known to a specialist clinic
e children who are oedematous or have severe joint contractures

e any child eight years and older who refuses to assent.
5.8.4 Data collection

Caregivers’ and children will be invited to participate in the study as they arrive at the
department. Following agreement, an information letter will be given to them, and
caregivers’ will be asked to sign informed consent while children eight years and

older will be asked to sign an assent form (Appendix B).
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Weight and height are routinely measured on arrival in the department, prior to
joining the queue. The nursing staff will be approached to allow the researcher to do
the routine measurements. The nursing sister who would usually record these

variables will be asked to document them in the routine records.

Data will be collected in a summer month of 2014 at the CHBAH paediatric
outpatient department, until the sample size is reached. Age, gender, ethnicity,
weight and height will be recorded. Age will be rounded down to the last completed
year. Ethnicity will be recorded as Black, White, Coloured, Indian or Asian. Weight
will be rounded to the nearest 0.1 kg. Standardisation will be achieved by use of a
calibrated, electronic, standing scale (Seca medical scale) and each child will be
weighed with light clothing and no shoes. Children who are uncooperative or unable
to stand will be weighed with their caregivers. The child’s weight will then be
obtained indirectly by subtracting the caregivers’ weight from the combined weight of
the caregiver and child. Height will be rounded to the nearest 0.1 cm and measured
using a stadiometre fixed to the wall. Children will stand upright, backs and heels
against the back bar of the stadiometre, arms to the side with palms facing inwards
and facing straight ahead. If the child is unable to stand, the child will be measured

on a flat, hard surface with a measuring tape.
5.8.5 Data analysis

The raw data will be captured on a Microsoft ® Excel 2007 spread sheet. The
formulae used to estimate weight based on age, as well as the formula used to
calculate BMI will be pre-programmed into this spread sheet. A sample of the data

collection sheet is attached (Appendix C).

The data will be analysed using the software programme, Graphpad Prism®, in

consultation with a biostatistician.

Age, gender, ethnicity, weight, height and BMI (derived from the measured weight
and height) will be reported using descriptive statistics. Depending on the distribution
of data, they will either be reported as using the means and standard deviations, or

medians and interquartile ranges.

The assessment of accuracy for weight estimation techniques necessitates two

analyses. The first is whether the technique on average calculates the correct
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answer. The second is the degree of variability in a technique when applied to many
children of almost identical weight. These two analyses are, respectively,
measurement bias and precision (5). The bias is determined from the mean
percentage difference (MPD). This is calculated as:

(True weight — estimated weight) / true weight x 100.

A positive value indicates an underestimation of weights on average, while a
negative value would conversely apply an overestimation. The 95% limits of
agreement includes the range in which 95% of the differences between true and
estimated weight will occur. The standard deviation of the MPD is used to estimate

the precision of the formulae in approximating the true weight.

A graphical representation of the measurement bias and precision is the Bland-
Altman plot. The difference between the estimated weight and the actual weight is
plotted on the y — axis while the average of the actual weight is plotted on the x —

axis.

An analysis of the number of estimates within 10% of the measured weight will also
be performed for each technique. This is a further indication and the most accepted
evaluation of accuracy. The suggested minimum requirement for accuracy is 60% of

estimates to be within 10% of actual weight (13).
In summary each weight estimation formula was assessed in terms of 3 evaluations:

e the MPD, 95% limits of agreement, and standard deviation
e the Bland Altman plot analysis

¢ the proportion of estimates within 10% of actual weight.
For all statistical tests a p value <0.05 will be considered to be significant.

BMI is graphically represented on gender specific BMI for age growth charts
developed by the CDC (21). The interpretation is as follows for children of the same
age and gender:

e underweight is defined as a BMI less than the 5th percentile

e healthy weight is defined as a BMI from the 5th percentile to less than the
85th percentile
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e overweight is defined as a BMI at or above the 85th percentile and lower than
the 95th percentile

e obesity is defined as a BMI at or above the 95th percentile (21).

The rationale for the use of these criteria is that a BMI at the 95th percentile
corresponds to a BMI of 30 in adults, which is the value used to define obesity. A
BMI at the 85th percentile corresponds to a BMI of 25, which is the value

corresponding to the upper limit of normal weight (21).
5.9 SIGNIFICANCE OF STUDY

There is limited literature regarding the use of the most appropriate technique for the
South African population, and to date only three studies have been identified. (11-13)
The results from these studies, however, may not be able to be extrapolated to all
regions of South Africa due to of the diversity of the population, both in terms of
ethnic and socioeconomic distribution. Determinants of weight are complex and are
influenced by gender, genetics, and ethnicity in addition to age and height/length.
Therefore, there is a need to determine the most appropriate technique for the South
African, CHBAH paediatric population.

This study attempts to compare the accuracy of the formula currently used by
anaesthetists at CHBAH and other academic hospitals affiliated to Wits, to the
measured weight. Two other formulae, The APLS and the Luscombe and Owens
formulae will also be compared to the measured weight. The APLS formula, one of
the earliest derived, has still been shown to be accurate in the developing world,
whereas the Luscombe and Owens, derived in the developed world in order to
address the problem of increasing weight of children, appears to be more accurate in
the developed world. The results of this study would also give an indication of which
of these two is more accurate for the children consulted at CHBAH.

The existence of a validated weight estimation technique can offer the clinician a
baseline from which to work. Clinical judgement would then have to be incorporated

in order to achieve the best weight estimation for a particular child.

The ethnicity and BMI of all the children will also be recorded, both variables

providing valuable information about the South African population being serviced.
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5.10 VALIDITY AND RELIABILITY

The validity and reliability of this study will be ensured by the following measures.

A suitable study design has been chosen.

An adequate, representative sample size.

e A standardised technique in obtaining the weight and height of each child.

e The measurements will be conducted by one researcher, and if necessary an
assistant familiar with the data collection protocol.

e Data will be analysed with the assistance of a biostatistician.
5.11 POTENTIAL LIMITATIONS

A contextual limitation of this study is that the sample population may not be
representative of the general population. The sample will be taken from one hospital
in the Gauteng region, and although CHBAH is one of the largest hospitals in the
southern hemisphere, it services a specific population in terms of ethnicity and
socioeconomic status. The sample may therefore only be reflective of this population

and not be generalisable to other regions of the country.

The sample will also be taken in the paediatric outpatient department, and therefore
a few subgroups will be excluded. These include children attending specialist clinics,
those with chronic conditions, (such as HIV, cardiac, renal or liver disease) and the
critically ill.

This study will also only look at children aged 10 years and less, not taking into
account the possibly more difficult prepubescent ages, where genetic factors and

differences in growth spurts are more likely.
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5.12 PROJECT OUTLINE

Time frame

Activity

June
2013

July
2013

Aug
2013

Feb
2014

Mar
2014

Jan
2014

Apr
2014

May
2014

June
2014

July
2014

Aug
2014

Proposal

Writing
Chapters
1,2,3

Ethics
Submission

Post Grad
Submission

Data
Collection

Data
Analysis

Writing of
Ch.4 &5

Supervisor
Discussion

Editing
Final Draft

MMED
Submission

Financial plan

Expense

Description

Quantity

Price per Unit

Cost
(Rands)

Paper and printing

2000

R 0.6 per page

R 1200.00

Binding

3

R 150

R 450.00

Electronic scale

1

R 300

R 300.00

Total

R 1 950.00

The cost of the electronic scale and binding will be incurred by the researcher. The
printing costs will be funded by the Department of Anaesthesiology, Wits.
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Appendix A

Letter to the Medical Advisory Committee requesting permission to conduct research
Dr Z Soni
Student number: 0300765N
Staff number: AO003881
Department of Anaesthesiology
University of the Witwatersrand
12 July 2013

Attention: Medical Advisory Committee

Re: Permission to conduct research at the Chris Hani Baragwanath Academic Hospital
(CHBAH).

My name is Dr Zakiyya Soni. | am currently a registrar in the Department of Anaesthesia at CHBAH,
and also registered for a Master of Medicine (Anaesthesia) at the Faculty of Health Sciences,
University of the Witwatersrand, for which | am expected to conduct clinical research under
supervision.

The title of my research proposal is: ‘Comparison of weight estimation formulae in paediatric patients
at Chris Hani Baragwanath Academic Hospital.’

With your permission | would like to measure the weight and height of all eligible children, aged 1-10
year, presenting to the CHBAH paediatric outpatient department. There will be no patient identifiers
and the only other recorded variables will be age, gender and ethnicity, purely for demographic
purposes. Using the raw data | would like to compare three age based formulae derived to provide an
estimate of weight in children, to the measured weight. Permission will be sought from the Head of the
Paediatric outpatient clinic before undertaking this research.

| hereby apply for permission to carry out this research at the CHBAH paediatric outpatient clinic. The
proposed study and its procedures have been approved by the Human Research Ethics Committee
(the clearance certificate number is M130704), and the Postgraduate Committee of the University of
the Witwatersrand.

There will be no financial implications for CHBAH, or the Gauteng Provincial Department of Health.
Thank you for your time. Please feel free to contact me if there are any queries.

Yours faithfully,

Dr Zakiyya Soni
083 464 9316

sonizaks4@hotmail.com
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Appendix B

Department of Paediatrics, Metabolic Unit 5\‘ o
Chris Hani Saragwenath Academic Hospatal & kS
Private Bag X01 £ %

GAUTENG PROVINCE  pmite, 1508

AT Tel: (011) 933-8416/8400
ENEUC OF S4TH AFKA Fax: (011) 5385074

7 o
o, A2
At

6" November 2013

Professor Y, Jeenah

Pratocol Review Committee

Chris Hanl Baragwanath Academic Hospital
Soweto

Dear Prof Jeenah,

| woukd like 10 inform you that Dr Zakiyya Soni has been given permission 10 conduct her research in the
Department of Paediateics at Chris Hani Baragwanath Academic Hospital. The title of her study is,
'Compar'ison of weight estimation formulae in paedistric patients at Chris Hani Barsgwanath Academic
Haspital. She will be conducting her study in the Pasdatric Outpatient Department.

Yours Sincerely,

Professor Sithembiso Velaphi
Head of Department of Paediatrcs
Chris Hani Baragwanath Academic Hospital
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Appendix C
Information letter
Dear parent/caregiver/guardian

Hello, my name is Zakiyya Soni and | am a doctor at Chris Hani Baragwanath Academic Hospital. My
job involves giving patients special gasses or drugs (medicines) to put them to sleep without pain for
operations. | work with adults and children. In children most of the drugs and equipment we use
depend on the child’s weight. Often in an emergency situation when a child is very sick, we are
unable to weigh the child. Also in some hospitals scales are not available. For this reason we use a
formula to estimate the weight.

As part of my Master’s degree in anaesthetics | will be comparing the formulas we use to estimate the
weight of a child, to the actual weight of the child. To do this | will need the age, weight and height of
your child. We will also be recording ethnicity (for demographics and not to discriminate), and whether
your child is a girl or a boy. No names or any other information to identify your child will be put in any
of the results of the study.

The reason why we take the age is because all of the formulas use age to estimate weight. The
reason why we are measuring height is so that we can use it, together with the weight, to work out a
Body Mass Index (BMI). The BMI will tell us the number of children that are normal weight,
underweight or overweight. All your child will be asked to do is stand on a scale so the weight can be
recorded, and then stand against the wall so the height can be recorded. These two measures are
routinely done at the hospital by the nurses anyway, and it is a quick and pain free process.

| kindly ask for your permission to allow your child to participate in this study. All the information that
we get in connection with this study will remain anonymous (a secret). Your decision to allow your
child to take part in this study is completely voluntary, and will not affect your future treatment at the
hospital. If you decide to take part, you are free to stop taking part at any time. The study has
obtained approval from the Human Ethics Committee of the University of the Witwatersrand. This is a
committee that makes sure that no research is being done that is harmful or dangerous to the patient.

If you are willing to allow your child to participate in the study, you will need to sign a CONSENT
FORM. If your child is 8 years of age or older | will also ask his/her permission and he/she will be
asked to sign an ASSENT FORM.

Before giving permission please make sure that you understand everything we have explained. If you
are unsure we will make sure that someone is available to answer your questions in a language of
your choice. Please feel free to ask questions at any time.

If you have any questions at a later stage or when we are not around, you are also welcome to
contact me on 011 488 4397 or the Chairman of the Ethics Committee, Professor Cleaton-Jones on
011 717 1234.

Thank you for your time

Yours faithfully

Zakiyya Soni

Anaesthetic Doctor
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Consent form

Research Title: Comparison of weight estimation formulae in paediatric patients at Chris Hani
Baragwanath Academic Hospital

I understand what this study is about and give consent of my child/ the child |
care for to participate in this study. | have read and understand the information sheet and my
guestions have been answered. | am aware that the process will not harm the child in any way. | am
aware that the child may withdraw from the study at any time without any prejudice toward the child or
me. | understand that my name and that of my child will not appear in any of the results of the
research.

Parent/Caregiver name

Parent/Caregiver signature

Date

Researcher name

Researcher signature

Date
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Assent form

Research Title: Comparison of weight estimation formulae in paediatric patients at Chris Hani

Baragwanath Academic Hospital

I am happy to take part in this study. | understand that my weight and

height will be measured, and know that this will not hurt me. | understand what the study is about and
my questions have been answered. | know that nobody will know that | was part of the study when it
is finished and that | can say | don’t want to take part in this study at any time.

Subject name

Subject signature

Date

Researcher name

Researcher signature

Date

Appendix D

Sample data collection table

Luscombe
and
APLS Owens Wits-A
Patient Measured | Measured formula Formula Formula
Number | Age | Gender | Ethnicity | Weight Height BMI | Estimate | Estimate Estimate
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