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A B S T R A C T

Introduction: The choice of weight estimation method to use during prehospital paediatric emergency care is
important because it needs to be both accurate and easy to use. Accuracy is important to ensure optimum drug
dosing while ease-of-use is important to minimise user errors and the cognitive load experienced by healthcare
providers. Little is known about which weight estimation systems are used in the prehospital environment
anywhere in the world. This knowledge is important because if the use of inappropriate weight estimation
practices is identified, it could be remedied through education and institutional policies.
Methods: This was a prospective questionnaire study conducted in Johannesburg, South Africa, which obtained
information on the knowledge, attitude and practice of weight estimation amongst advanced life support (ALS)
paramedics.
Results: Forty participants were enrolled, from both the public and private sectors. The participants’ preferred
method of weight estimation was visual estimation (7/40; 18%), age-based formulas (16/40; 40%), parental
estimation (3/40; 8%), the Broselow tape (2/40; 5%) and the PAWPER tape (11/40; 28%). No participant was
familiar with or used the Mercy method. All participants were very confident in the accuracy of their selected
system.
Discussion: The knowledge and understanding of weight estimation systems by many advanced life support
paramedics was poor and the use of inappropriate weight estimation systems was common. Further education
and intervention is needed in order to change the sub-optimal weight estimation practices of ALS paramedics in
Johannesburg.

African relevance

• Weight estimation is as important in Africa as elsewhere in the
world.

• Prehospital systems in Africa should follow resource-appropriate,
evidence-based guidelines.

• The absence of reliable parental weights in resource-limited en-
vironments is problematic.

• The best weight estimation systems are not expensive, but need to
be disseminated.

Introduction

The nature of the prehospital emergency care environment and the
presentation of acute emergency cases is such that healthcare providers
have to rely on a method of estimating children’s weight in order to
calculate emergency drug doses. Accurate weight estimate is important

for calculating drug dosages, as inaccurate doses can be harmful [1].
The weight estimation systems most commonly researched and

taught (particularly in paediatric advanced life support short courses)
are the age-based formulas and the Broselow tape [2]. Age-based for-
mulas, together with healthcare provider guesses of weight have been
found to be amongst the least accurate of all the weight estimation
systems, however, while the Broselow tape has also been shown to lack
sufficient accuracy both in high-income and low- and middle-income
countries [3]. The most accurate systems currently described are the
two-dimensional length- and habitus-based systems (such as the Mercy
method and the PAWPER tape) and parental estimates of weight [3].

While it has been reasonably well established which weight esti-
mation systems are the most accurate, there is very limited evidence on
which weight estimation systems are actually being used in the pre-
hospital environment. This information is important, as the failure to
use the most appropriate weight estimation methodology could po-
tentially affect patient outcomes adversely. This information would also
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allow decision-makers to create appropriate policies for weight esti-
mation practices and education and allow intervention into current
practices, if required.

The aim of our study was to investigate and describe the current
paediatric weight estimation practices of ALS paramedics in the emer-
gency medical care setting within Johannesburg, South Africa.

Methods

This was a qualitative questionnaire study. The questionnaire
(Fig. 1) was designed to obtain basic information about the participants’
knowledge, attitude and practice with regards to emergency paediatric
weight estimation. Full-time advanced life support (ALS) paramedics
practising in Johannesburg, from either the private or the public sector,
were invited to participate.

At the time of the survey there were an estimated 80–100 practising
ALS paramedics in the Johannesburg metropolitan area. A sample size
of 40 participants was therefore selected for the pilot study to provide
a ±10% margin of error with a 95% confidence level for the survey
results. Ethical approval was granted from the University of
Johannesburg Research Ethics Committee (REC 01-53-2016). Written
informed consent was obtained from all participants.

The study took place during the second quarter of 2016. One of the
researchers (LB) visited bases across Johannesburg and invited ALS
paramedics to participate. Those that volunteered completed anon-
ymous hard copies of the questionnaire. Responses were analysed and
presented using basic descriptive statistics.

Results

Forty ALS paramedics participated in the survey. The details of the
participants in terms of their sector of employment, their experience,
the number of children they see per month and their self-perceived
stress levels during paediatric emergencies is shown in Table 1. Nearly
three-quarters of the participants (29/40; 72.5%) had more than two
years’ postgraduate experience, so could be regarded as moderately
experienced.

A description of the weight estimation systems that the participants
were familiar with, the systems they had available to them and the
systems they used in practice are shown in Table 2. There was no sig-
nificant difference in these outcomes between the private- and public-
sector services. The reasons provided by the participants for their
choice of system are also shown.

Fig. 1. The questionnaire used in this study.

Table 1
Demographic information from participants.

Question Outcome

Private sector, n (%) 25/40 (62.5)
Experience as practising ALS paramedic in years, median (IQR) 3.0 (1.9–5.3)
Number of children treated per month, median (IQR) 4.0 (2.8–6.3)
Stress level high when treating children, n (%) 27/40 (67.5)

ALS, advanced life support; IQR, interquartile range.
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Discussion

According to our search on Medline and Scopus, this is the first
published study to have described which paediatric weight estimation
systems are actually used in clinical practice in a particular prehospital
environment, anywhere in the world.

The study population was made up of a group of moderately ex-
perienced ALS paramedics, representing both the private and public
sector in Johannesburg. The small numbers of children treated were
potentially one of the reasons that the majority of participants reported
increased stress levels when dealing with paediatric emergencies. The
low numbers of paediatric emergencies and the stress of these en-
counters amplify the need for an accurate, easy to use, appropriate
weight estimation technique which would enhance rather than inhibit
emergency care.

There were three major findings in this study: firstly, the level of the
participants’ knowledge about the surveyed weight estimations
methods was poor; secondly, the preferred methods of weight estima-
tion used by many participants were methods known to be inaccurate
and inappropriate for emergency care; and thirdly, not all ALS para-
medics had access to the most accurate methods of weight estimation.

It was clear from the participants’ responses that their knowledge of
weight estimation options and practices, as well as the science behind
them, was relatively limited. This is probably the reason for the high
level of selection of inappropriate systems for clinical usage. This is
most likely because of the absence of a defined policy on and a protocol
for paediatric weight estimation within the emergency care organisa-
tions. While the PAWPER tape is taught, advocated (and made avail-
able) for paediatric weight estimation in some public and private sector
institutions and services, most ambulance training colleges and services
still teach the use of age-based formulas. This has resulted in a delayed
adoption of the newer and more accurate methods. The Mercy method
is not currently taught by any institution.

More than half the surveyed ALS practitioners (58%) made use of
visual estimation or age-based formulas to estimate weight, while only
36% used methods known to be accurate (parental estimates or the
PAWPER tape) [3]. Visual estimation of weight (a guess by the
healthcare provider) is highly inaccurate and has been discredited [4].
Weight estimation formulas are not only inaccurate in estimating
weight, but the calculations required may add to already elevated levels

of stress experienced by the user [5]. The ability to remember the
formulas may also be impaired in emergencies, further aggravating
stress levels and increasing the risk of errors [6]. It would, therefore, be
considered unacceptable for an ALS practitioner to rely on this tech-
nique [7]. Few practitioners used the Broselow tape. While this tape is
definitely more accurate than age-formulas and visual estimation of
weight, it also is not sufficiently accurate to avoid medication errors
[8]. It underestimates the weight of children in well-nourished popu-
lations to such a degree that it may result in the “under-resuscitation of
children” [9]. In under-nourished populations, on the other hand, it
may overestimate weight to such a degree that it causes dangerous
overdoses of medication [10]. Given its high cost and low accuracy, the
Broselow tape is also not an appropriate option.

There are only two studies on the accuracy of parental estimates of
weight in low- and middle-income countries, both from urban areas,
which showed parental estimates to be reasonably accurate [11,12].
Parental estimates would, therefore, probably be a valid method to use
in urban areas and would certainly be preferable to the use of visual
estimation or age-formulas. The best choices for accurate weight esti-
mation would have been the Mercy method and the PAWPER tape, with
the PAWPER tape more suited to the prehospital environment [3]. The
Mercy method was not familiar to any of the participants, although it is
a low-cost method with proven accuracy across the world.

The majority of participants, other than those who favoured the
PAWPER tape, provided anecdotal reasons for their choices of method,
rather than a response based on evidence. The correlates with the low-
level of knowledge and familiarity with weight estimation systems. It
was a further indicator of the need for education amongst emergency
care providers in Johannesburg. It is also possible that emergency care
practitioners are not exposed to weight estimation methods such as the
PAWPER tape and Mercy method in the emergency centres to which
they transport patients. This is a potential intervention point for edu-
cation and upskilling of ALS paramedics.

The lack of perceived availability of appropriate weight estimation
methods to the ALS practitioners was also of concern. This suggests that
appropriate protocols should be developed within prehospital emer-
gency care provider organisations and that ALS providers should be
educated on the availability and use of modern weight estimation
systems. While both the PAWPER tape and the Mercy method are
readily available in Johannesburg, the PAWPER tape is simpler, quicker

Table 2
Participants’ knowledge and use of weight estimation systems.

Participants familiar with
method

Participants to whom method is
available

Participants’ preferred
method

Why do you prefer this method?

Visual estimation 8 (20%) 40 (100%) 7 (18%) It is the quickest method;
Normally parents do not know their children’s current
weight;
It is what I have available

Parental estimation 11 (28%) 40 (100%) 3 (8%) Parents should be the most accurate;
Parents generally know the weight of their children

Age-based formulas 37 (93%) 40 (100%) 16 (40%) It is quickest, has been quite accurate to date;
It works the fastest and is closest to the actual weight;
In an emergency situation, it is the easiest to perform (4);
It is the most accurate;
It is what I am used to

PAWPER tape 27 (68%) 22 (55%) 11 (28%) It is easy to use and prevents confusion. I am bad at maths
It is the most accurate and simple method (3);
It is most accurate as it has been based on a South African
population and I use it every day (3);
Quick, accurate reference, drug calculations easily
accessible (2);
I have it readily available;
Two-dimensional weight estimation method is the most
accurate

Broselow tape 15 (38%) 7 (18%) 2 (5%) It is available and the quickest to use;
It is the most accurate to estimate weight;

Mercy method 0 0 0 –
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and easier to use, even under the stressful conditions of a paediatric
resuscitation [13]. It is also more accurate than the Mercy method [8].
The PAWPER tape would, therefore, be the method that we would re-
commend for prehospital use.

One author has previously suggested that length-based weight es-
timation might be difficult in immobilised children in the prehospital
environment, but length-based weight estimation is generally regarded
as the standard of care in most mature emergency medical systems
[14,15]. A recent study evaluating the weight estimation accuracy of
the PAWPER tape in simulated paediatric emergencies with children in
realistic clinical positions (e.g. spinal immobilisation) and with various
degrees of cooperation (e.g. a convulsing child), showed no difference
in accuracy between optimum and sub-optimum conditions [13]. In the
same study, the Mercy method was slightly more affected by adverse
conditions, but still functioned well. We can speculate that these
methods are, therefore, probably well-suited to and appropriate for the
prehospital environment.

The main limitation of this study was the small number of partici-
pants. Although the sample size was appropriate for the estimated
number of potential participants, the results might not be generalisable.
However, even at the extreme margins of error the findings of the study
raise significant issues.

The current knowledge and use of paediatric weight estimation
techniques by advanced life support (ALS) practitioners in
Johannesburg was not of an appropriate standard. It is of concern that
the proportion of participants using inaccurate methods was so high.
The Mercy method and the PAWPER tape have several advantages for
use in emergency medical scenarios, most notably that they are the
most accurate weight estimation systems and they are inexpensive,
which would allow them to be used in resource-limited settings.

We recommend that more emphasis be placed on the use of the
PAWPER tape and the Mercy method in emergency medical care
training institutions and emergency medical service provider organi-
sations and also that access to these methods be improved. In choosing
between the PAWPER tape and the Mercy method, we would re-
commend the use of the PAWPER tape because of superior accuracy and
ease-of-use.

It would be useful to expand this research to other regions, rural
areas and even the emergency centres of hospitals, where weight esti-
mation practices may not be optimum. A similar follow-up study would
be useful in the future, after an education program has been conducted
for ALS providers in Johannesburg.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the
online version, at http://dx.doi.org/10.1016/j.afjem.2018.01.003.
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