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•Pediatric weight is used to guide nearly all therapeutic
interventions in children, yet calibrated scales are not always
available or accessible in selected heath care settings (e.g.
developing countries, trauma/ emergency settings).1,2 !

•Qualified raters measured each participant's length, weight,
humeral length (HL), and mid upper arm circumference
(MUAC). !

!

•Numerous weight estimation strategies have been devised
to assist health care providers with weight estimation in
children. All published weight estimation methods have
been tested in neurotypical children.3,4,5 However, to date,
the performance of these methods has not been examined
in children with Down syndrome. !
•1 in 691 children in the United States are born with Down
syndrome6 and virtually all need medical care throughout
their lives. Children with Down syndrome experience
differences in height and weight for age as compared with
neurotypical children.7, 8, 9 These factors could potentially
affect the accuracy of weight estimation. !
•We chose to evaluate the performance of four commonly
used weight estimation methods [Advanced Pediatric Life
Support (APLS)10, Broselow11, Cattermole12, and Nelson13]
along with the newly devised Mercy method3 in this
prospective study of children with Down syndrome. !

Methods!
!

•Children 2 mo to 16 yr of age were enrolled under a protocol
reviewed and approved by the Institutional Review Board at
Children’s Mercy Hospital. !
•Participants were enrolled with parental consent from the
Down syndrome clinic at CMH and the Down Syndrome
Guild of Greater Kansas City.!

!

•Data entry measurements were independently verified for
accuracy against the data collection forms and then used to
estimate the weight of each child as described for each of the
methods.3,10,11,12,13 !
•Estimated weight was compared to the actual weight of each
child using standard descriptive statistics [mean error (ME),
mean percentage error (MPE) and root mean square error
(RMSE)]. Bland-Altman plots were constructed to evaluate
agreement between the measures.!

Results!
!

•286 children (mean ± SD: 5.6 ± 4.3 yr, 21.9 ± 15.3 kg, 18.8 ±
4.1 kg/m2) met the inclusion requirements of the study. !

Left: Participant’s actual weight (x-axis) vs. the method’s predicted
weight (y-axis). Solid black line represents the line of unity. Symbols
falling on the x-axis indicate participants who did not meet the
restrictions for the method (i.e. no weight could be predicted). !
!
Right: Bland-Altman plots depicting average log weight vs. the
difference in log weight. Dotted lines depict the 95% limits of
agreement.!

Conclusion!
!

•Of the five methods evaluated, the method which used two
anthropometric variables (Mercy) outperformed the methods
based on a single variable. !
•Age based methods were imprecise, overestimating weight
in children who were underweight and underestimating
weight in children who were overweight/obese. !
•The characteristic short stature7, 8 associated with Down
syndrome caused the habitus-based method (Cattermole) to
overestimate weight and the length based method (Broselow)
to underestimate weight in nearly all children. !
• Limitations to the study include possible inconsistencies of
measurements due to multiple raters and use of participants
from a limited geographic area. !
•Among the methods evaluated, Mercy appears to be the
safest method to employ when weight estimation for dosing
medications is required in children with Down syndrome. The
use of APLS, Cattermole, and Nelson are not acceptable in
this population. !

•Only the Mercy method predicted weight in 100% of the
participants with the remaining methods ranging from 30-95%
(Table).!

•All methods could benefit from adjustments in their formulae
to minimize weight estimation error in children with Down
Syndrome. !
!

•Bias varied markedly between methods with every method
except Cattermole underestimating weight across the
population of children with Down syndrome (Table).!
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•The Mercy method estimated the highest percent of weights
within 20% of actual weight and had tighter limits of
agreement (LOA) than did the other methods (Figure).

!

•Exclusion criteria included: !
• known or apparent limb deformities!
• inability to be positioned for height/length
measurements!
• underlying pathological condition or pharmacological
management that could produce abnormal body
composition for age (e.g. severe edema, chronic oral
corticosteroid use) !
ME:	
  Mean	
  Error	
  	
  	
  	
  	
  	
  	
  	
  MPE:	
  Mean	
  Percentage	
  Error	
  	
  	
  	
  	
  	
  	
  RMSE:	
  Root	
  Mean	
  Square	
  Error	
  

!
1. Taylor et al. Use of weight-for-age-data to optimize tablet strength and dosing regimens for a new
fixed-dose artesunateamodiaquine combination for treating falciparum malaria. Bull World Health
Org 2006; 84:956-64. !
2. Abuya et al. Quality of care provided to febrile children presenting in rural private clinic on the
Kenyan coast. Afr Health Sci 2004; 4:160-70. !
3. Abdel-Rahman & Ridge. An Improved Pediatric Weight Estimation Strategy. Open Med Dev J
2012;4:0-0.!
4. Black et al. Are methods used to estimate weight in children accurate? Emerg Med 2002; 14:
160-165. !
5. Theron et al. Emergency weight estimation in Pacific Island and Maori children who are largefor-age. Emerg Med Austalas 2005; 17:238-43. !
6. Parker, S. E., Mai, C. T., Canfield, M. A., Rickard, R., Wang, Y., Meyer, R. E., Anderson, P., Mason,
C. A., Collins, J. S., Kirby, R. S., and Correa, A. for the National Birth Defects Prevention Network
(2010), Updated national birth prevalence estimates for selected birth defects in the United States,
2004–2006. Birth Defects Research Part A: Clinical and Molecular Teratology, 88: 1008–1016.!
7 Lima et al. Nutritional Status of Zinc in Children with Down Syndrome. Biological Trace Element
Research 2010; 133: 20-28.!
8. Myrelid, Å., Gustafsson, J., Ollars , B. & Annerén, G. (2002). Growth charts for Down's syndrome
from birth to 18 years of age. Archives of Disease in Childhood, 87, 97.!
9. Rarick GL, Rapaport IF, Seefeldt V 1966 Long bone growth in Down's syndrome. Am J Dis Child
112:566–571.!
10. The Advanced Life Support Committee of the Australian Resuscitation Council. Paediatric
advanced life support – the Australian resuscitation council guidelines. Med J Aust 1996; 165;
199-206.!
11. Meguerdichian & Clapper. The Broselow Tape as an Effective Medication Dosing Instrument: A
Review of the Literature. J Pediat Nurs: 2012;27:416-420.!
12. Cattermole et al. Mid-arm circumference can be used to estimate children's weights.
Resuscitation. 2010;81:1105-1110. !
13. Needlman RD. The First Year. In: Behrman RE, Kliegman RM, Jenson HB, Eds. Nelson Textbook
of Pediatrics. 17th e. Philadelphia: Saunders 2004; p. 31.!

!
!

