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Abstract

Pediatric growth charts are used to monitor children’s growth and development, and assist in 

healthcare delivery and supervision. Researchers have developed syndrome-specific growth charts 

for several disorders in which affected children grow differently than unaffected children. Typical 

standardized growth curves have been recently reported in non-growth hormone treated infants 

with Prader-Willi syndrome (PWS) of both genders from birth to 36 months of age to support 

monitoring growth and nutritional status during infancy, and to guide growth hormone treatment 

and follow up. Electronic health record (EHR) systems serving pediatric populations can now 

incorporate interactive automated growth charts to assist the healthcare providers in clinical 

settings to monitor growth. The American Academy of Pediatrics has recommended that EHR 

systems incorporate syndrome-specific growth charts where feasible. This manuscript describes 

the experiences at two medical centers at different stages of incorporating electronic growth charts 

into the medical records on infants with rare disorders, using PWS as an illustration. The absence 

of readily available and accessible syndrome-specific standardized growth charts in other disorders 

causes challenges for EHR personnel and for healthcare providers who care for these children 

particularly in the growing electronic medical record environment.
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INTRODUCTION

Pediatric growth charts are specialized tools designed to help healthcare providers screen 

children for diseases that involve growth, and to monitor management of clinical treatments 
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that may influence growth [2010]. Plotting children’s growth on hard copies of growth 

charts is a standard of pediatric care around the world for many years [de Onis et al., 2004]. 

To support this, the Centers for Disease Control and Prevention (CDC) [Ogden et al., 2002] 

and the World Health Organization (WHO) [Grummer-Strawn et al., 2010] have published 

growth charts for normally developing children. Additionally, investigators have published 

specialized growth charts for children with genetic syndromes (e.g., Down syndrome [Cronk 

et al., 1988; Rosenbloom et al., 2010] and Prader-Willi syndrome (PWS) [Butler and 

Meaney, 1991; Butler et al., 2011]). As healthcare providers increasingly adopt electronic 

health record (EHR) systems in practice, there is a growing need to make available growth 

charts that can be readily integrated. While the authors are not aware of any research 

evaluating how growth charts have been implemented into the different available EHR 

systems, reports suggest that most pediatric EHR systems include modest growth charting 

capabilities for normally developing children [Rosenbloom et al., 2006]. The American 

Academy of Pediatrics (AAP) Task Force on Medical Informatics has published “Special 

Requirements for Electronic Medical Record Systems in Pediatrics” [Spooner, 2007] which 

calls for EHR systems serving children to chart growth based on their diagnoses. However, 

there are only limited reports describing successes and challenges associated with 

integrating growth charts into EHR systems for children with genetic syndromes influencing 

growth [Rosenbloom et al., 2010]. In this manuscript, the authors describe efforts to 

implement recently developed growth charts for PWS into different EHR systems at two 

large medical centers at different levels of EHR system deployment.

PWS occurs in about 1 in 10,000–20,000 live births, involving all ethnic groups, and is the 

most common genetic syndromic cause of life-threatening obesity if not adequately 

addressed [Butler, 1990, 2009; Butler and Thompson, 2000; Goldstone et al., 2008]. PWS is 

a complex condition due to errors in genomic imprinting with disturbance of paternally 

expressed genes in the chromosome 15q11-q13 region, usually from de novo paternal 

deletions in about 70% of subjects [Butler, 1990, 2011; Bittel and Butler, 2005; Butler et al., 

2008; Cassidy and Driscoll, 2009]. Maternal disomy 15 is the second most common form of 

PWS (about 25% of cases) followed by imprinting center defects due to microdeletions (or 

epimutations) or other chromosome 15 rearrangements (e.g., translocations) [Bittel and 

Butler, 2005; Cassidy and Driscoll, 2009; Butler, 2011].

Obesity is the most significant health problem in PWS. Dietary restrictions and increased 

physical activity are key management issues, but recombinant human growth hormone 

therapy (GH) has led to increased stature, decreased body weight and fat, increased muscle 

mass and physical activity and a higher quality of life for PWS individuals [Eiholzer et al., 

1998; Ritzen et al., 1999; Myers et al., 2000; Haqq et al., 2003; Mogul et al., 2008; Sode-

Carlsen et al., 2010; Sode-Carlsen et al., 2011]. Most children with PWS are born with a 

normal weight and height, but due to hypotonia and a poor suck, failure-to-thrive develops. 

By 2–4 years of age, individuals with PWS begin to overeat and develop a rapid weight gain 

with fat mass increasing more rapidly than muscle mass or stature [Butler et al., 1986, 1988; 

Butler and Meaney, 1987; Butler, 1990]. Short stature in PWS is more related to shorter 

lower body segment compared with upper body in both sexes. Small hands and feet are 

common, but more remarkable in females [Butler et al., 1991]. A narrow forehead and 

dolichocephaly are also common in this disorder [Butler et al., 1986; Meaney and Butler, 
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1987; Butler, 1990]. Meaney and Butler [1989] also reported negative correlations between 

height and age suggesting a relative slowing down of linear growth with age in non-GH 

treated individuals with PWS.

Because of a paucity of US growth standards in PWS, Butler and Meaney [1991] published 

standardized curves for 14 anthropometric measurements for individuals with PWS ages 2–

22 years for both Caucasian males and females from the USA and not treated with growth 

hormone. Those growth standards can be used to monitor the growth of individuals with 

PWS, after infancy particularly before growth hormone treatment. From this study, weight in 

both male and female PWS subjects was compared and the 50th centile approximated the 

normal 95th centile. For height in female PWS subjects, the 50th centile closely 

approximated the normal 5th centile and by 12 years of age the 50th centile fell below the 

normal 5th centile and continued to drop off relative to the normal curve. Similarly, in male 

subjects with PWS, the 50th centile fell below the normal 5th centile by 14 years of age, but 

with a steeper drop-off than in female subjects. For head circumference in both males and 

females with PWS and healthy individuals, the 50th centile was generally between the 

normal 50th and 5th centiles, approaching the normal 5th centile by 18 years of age. 

Standardized growth curves have been published for common anthropometric parameters for 

individuals with PWS in several countries including the USA, Germany, and Japan useful 

for comparison purposes and for monitoring growth and development [Butler et al., 2006].

To generate new standardized growth curves for infants and toddlers, Butler et al. [2011] 

recently reported on weight, length, head circumference, weight/length, and body mass 

index (BMI) from non-growth hormone treated white infants (males and females) with PWS 

between 0 and 36 months of age. Five separate standardized growth curves (weight, length, 

head circumference, weight/length, and BMI) representing seven centile ranges were 

developed from 186 non-growth hormone treated infants with PWS and the normative 50th 

centile plotted on each standardized infant growth curve. The data supporting these growth 

charts are also available as data tables, standardized and configured according to the format 

used by CDC and WHO for growth chart development [Ogden et al., 2002]. These growth 

standards can be used to monitor growth when examining infants with PWS and other 

infants for comparison purposes and assessing nutritional status and responses to growth 

hormone therapy.

MATERIALS AND METHODS

This report involves two medical centers at two different stages of EHR development and 

implementation. The Vanderbilt University Medical Center (VUMC) is a primary and 

tertiary care facility with large local and regional primary referral bases for patients across 

the Southeast. VUMC includes the 247 bed Monroe Carell Jr. Children’s Hospital at 

Vanderbilt (VCH) and the Doctors’ Office Tower. In 2009, there were 235,849 pediatric 

visits to VCH, including 171,000 children seen in outpatient clinics. A total of seven patients 

diagnosed with PWS were seen at VUMC genetic clinics between 2009 and 2012. The 

VUMC includes multidisciplinary clinics that address the multiple medical, social, and 

nutritional needs of children and families with genetic syndromes such as PWS. The VUMC 

has in place numerous locally developed health information technologies, including a care 
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provider order entry system and a well developed and implemented EHR system with 

clinical documentation. The EHR system includes pediatric growth charts for normally 

developing children, for premature infants, and for children with Down syndrome since 

2004. Growth charts for normally developing children are based on World Health 

Organization standards for children 0–24months, and Centers for Disease Control and 

Prevention (CDC) for ages 24 months through 20 years. As published elsewhere 

[Rosenbloom et al., 2006, 2010], the VUMC EHR system growth chart software is designed 

to incorporate additional growth chart standards that are configured according to the format 

used by the CDC and WHO.

The University of Kansas Medical Center (KUMC) is a primary and tertiary care facility 

located in Kansas City, and serves as a referral base for the Midwest, primarily Kansas and 

Missouri. KUMC includes the University of Kansas Hospital (KUH) and clinics. In 2010, 

KUMC provided care for 113,000 patients, representing all 105 counties in Kansas and 86% 

of Missouri counties and contributed to 361,652 outpatient visits, 46,209 emergency 

department visits and 26,108 hospital admissions. KUH averages 4,415 pediatric hospital 

admissions per year and approximately 37,000 outpatient visits per year based on a 3-year 

average with services provided by the Department of Pediatrics. During 2011, 40 individuals 

with PWS (22 infants/children and 18 adults) were seen at KUMC in the outpatient setting, 

accounting for 85 outpatient visits. The number of individuals seen with PWS is higher than 

expected at KUMC based on the population served which directly reflects the clinic and 

research record of Dr. Butler who specializes in treating individuals with PWS and in 

conducting research related to this disorder. University of Kansas Physicians began using a 

commercially available EHR system in November 2007. EHR system deployment began in 

inpatient areas with nursing documentation, medication administration, pharmacy, and 

clerical order entry. Physician documentation was deployed in 2009, followed by care 

provider order entry and ambulatory use of the EHR system in 2010 through 2012. At the 

time of this report, outpatient pediatric clinics are implemented the ambulatory EHR system 

in April 2012. The EHR system currently has in place standard pediatric growth charts from 

the CDC database, but no other population-based electronic growth charts for healthcare 

providers for use in the clinical setting.

RESULTS

At VUMC, children seen in outpatient clinics typically go through an intake process that 

includes a measurement of length or height, weight and—for those less than 36 months—

head circumference. These values are recorded into an EHR system-based intake form, 

alongside documentation of the child’s clinical problems, current medications and allergies. 

For patients receiving care in the hospital or emergency department, measurements of height 

and weight are also recorded in order entry systems. Once recorded, all values for length or 

height, weight, and head circumference become automatically available for inclusion into 

pediatric growth charts. Data tables for PWS growth charts available from Butler et al. 

[2011] were used to develop and implement PWS-specific electronic growth charts. 

Developers at VUMC implemented the electronic version of PWS-specific growth charts for 

children ages 0–36 months in May 2011, 1 month after the charts were initially published. 

Healthcare providers seeing patients at VUMC can access the PWS charts by launching the 
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standard EHR growth charts and selecting an option, “correct for Prader-Willi syndrome” in 

a menu of growth chart actions available at the top of the page. Sample growth charts from a 

male with PWS with several data points plotted electronically at VUMC are shown in 

Figures 1 and 2.

At KUMC and at the time of this report, the EHR system has been installed throughout the 

inpatient hospital, and has been implemented in outpatient pediatric settings for 1 month. 

The EHR system includes standard population-based growth charts for children without 

PWS. While the EHR system does have in place the necessary capabilities to allow 

development of special population-based growth chart standards to be configured according 

to the format used by CDC and WHO, the electronic PWS growth standards have not been 

implemented as an alternative option at this time. The current practice is to use the 

standardized growth charts for infants with PWS by placing a paper-based hard copy of the 

gender specific curves for length, weight, and head circumference into each of the patient’s 

medical record. Each growth parameter is measured routinely and recorded during the clinic 

visit on each infant or obtained from an outside source (e.g., weekly measurements by 

parents or other healthcare providers and sent to us by email or by phone). The data are then 

hand plotted accordingly on the graphs which are required to monitor weight in relationship 

to caloric intake and failure to thrive and length in relationship to growth hormone therapy 

(failure to thrive and growth hormone therapy are common in most infants with PWS). The 

growth data are then visually analyzed and maintained to compare the rate of growth, both 

length and weight, with others similarly affected at the same age and sex. If growth hormone 

is administered, then the onset of therapy and change in dosage is recorded by hand on each 

paper chart at each date, and similarly if changes occur in nutritional status and feeding 

information (e.g., G-tube placement) and caloric intake recorded.

DISCUSSION

Anthropometric standards have been developed for several syndromes and used successfully 

in the medical management of patients. The use of growth standards has become routine in 

most clinical genetics centers for monitoring growth and development of patients with 

certain syndromes although there is a paucity of standardized syndrome and age specific 

growth curves, and even less in the clinical setting, that can be accessed and plotted 

electronically. Medical care of individuals who have PWS is complex, particularly 

monitoring abnormal growth parameters (e.g., weight, height, head circumference) before 

and during growth hormone therapy in infancy. Due to early recognition and genetic 

diagnosis, growth hormone therapy begins at a young age in PWS which impacts on length, 

body weight and composition further emphasizing the importance of accessible standards in 

infants with PWS thereby assisting the clinician and dietitian in monitoring nutrition, growth 

and development. Growth hormone (GH) deficiency in PWS is lifelong and can cause 

problems beyond infancy including poor body composition, reduced energy and physical 

performance, osteoporosis, and disorders of sleep and mood. Although studies in adults with 

PWS are limited, early studies on GH treatment in adults with PWS showed that 1 year of 

growth hormone treatment would be beneficial [Davies et al., 1998; Hoybye, 2007; Mogul et 

al., 2008; Sode-Carlsen et al., 2010]. With the advent of electronic medical records and 

surveillance, it is crucial that electronic versions of standardized syndrome specific growth 
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curves for all ages become available to healthcare providers involved in a multidisciplinary 

approach in managing and treating individuals with rare disorders and for natural history 

studies not only in PWS and Down syndrome.

This manuscript describes the use of growth charts for individuals with PWS at two medical 

centers. At one center (VUMC), EHR systems were quickly modified to incorporate an 

electronic version of PWS growth charts once they were published for use in the inpatient or 

outpatient setting. At the other center (KUMC), growth among children with PWS continues 

to be monitored using paper-based growth charts despite that electronic growth charts have 

become fully implemented in both inpatient and outpatient pediatric settings. The authors 

speculate several reasons contributed to the differential implementation at the two centers. 

First, by being entirely developed in-house, the EHR system at VUMC allowed local onsite 

developers to have the flexibility to make rapid changes based on user-perceived needs. By 

contrast, the EHR system at KUMC is a commercially available system that is used by 

numerous health centers. Any major changes to that system require prioritization by the 

vendor itself, and must be balanced by needs that other institutions and customers may have. 

While the specific EHR system used at KUMC does allow local onsite developers to 

implement focused changes (e.g., in the outpatient setting), including adding new 

population-specific growth charts, the fact that the system was developed elsewhere acts as a 

barrier to modification. Second, at the time of this report, the two centers were at different 

stages of EHR system rollout and use. At VUMC, growth charts had been implemented into 

the EHR system across all sites of pediatric care for over 7 years, and included charts for 

other special populations. At KUMC, growth charts were only implemented in inpatient 

settings where the EHR system was also deployed, and included no charts for other special 

populations. The lack of full implementation likely reduced demand for EHR system-based 

growth charts for children with PWS (or other syndromes). Third, PWS is an uncommon 

syndrome. Implementing growth charts for children with PWS requires having in place a 

robust infrastructure and culture around specialized health information technologies that 

healthcare providers are accustomed to using in the first place if they are going to use new 

tools. For example, in addition to implementing EHR system-based growth charts for 

specialized populations, the center would also need to have in place an expectation by 

clinical users that such charts are likely to be available. In the case that numerous specialized 

growth charts were available, EHR systems would require methods to make it easy for users 

to sort through all available growth charts for special populations. Methods might include 

leveraging simple user interfaces, being driven by diagnoses present in an encoded 

electronic problem list, or being triggered by the presence in electronic medical records of 

relevant syndrome-specific genetic testing results (e.g., microarray findings or DNA 

mutations).

Any new tool proposed for use in the healthcare setting will have certain limitations before 

development and implementation, including the use of syndrome specific electronic growth 

charts. One important limitation includes the rarity and recognition of certain disorders 

affecting growth such as PWS and the awareness of the healthcare provider to seek out and 

access growth charts for special populations in the general clinic setting. This would be less 

of a problem in specialty or syndrome-specific clinics in the future serving these patients 

(e.g., clinics developed by Dr. Butler at KUMC as a regional and national referral base for 
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PWS). As more information is learned about rare disorders affecting growth and advances in 

genetic testing allowing for early diagnosis and interventions, the need for available EHR 

system-based growth charts for special populations will be further emphasized, with PWS 

being a classical example.
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FIG. 1. 
Electronic version of the normative weight-for-age growth chart standardized and configured 

according to format used by CDC and WHO growth data from boys from birth to 36 

months. For illustration, weight measures obtained from birth to 36 months for a boy with 

Prader-Willi syndrome followed in the clinical setting plotted electronically on the 

interactive normative non-PWS growth chart.
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FIG. 2. 
Syndrome-specific electronic growth chart for weight-for-age generated from data on non-

growth hormone treated boys with Prader-Willi syndrome from birth to 36 months. For 

illustration, weight measures obtained from birth to 36 months from a boy with Prader-Willi 

syndrome followed in the clinical setting plotted electronically on the interactive PWS 

growth chart.
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