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Purpose: This article presents the rationale and design of the Mountain
States Genetics Regional Collaborative Center’s Metabolic Newborn
Screening Long-Term Follow-up Study. Methods: This study is a
collaboration of multi-site metabolic providers throughout the Mountain
States region investigating the long-term outcomes of individuals with
metabolic conditions detected by newborn screening. Results: The
Mountain States Genetics Regional Collaborative Center’s Metabolic
Consortium developed disease-specific care plans that included baseline
and follow-up datasets for all metabolic disorders detected by both
standard and tandem mass spectrometry newborn screening. Conclu-
sion: These disease-specific care plans are used at multiple metabolic
clinics throughout the Mountain States region. The shared datasets
consisting of both performance and outcome indicators will be used to
explore questions related to the treatment and outcome of these rare
metabolic disorders. They will be used to assess the impact of newborn
screening by comparing those individuals detected by newborn screen-
ing with those individuals diagnosed clinically, therefore allowing the
systematic investigation of factors that impact long-term outcome.
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Newborn screening has been a successful public health
program for nearly half of a century after the introduction

of newborn screening for phenylketonuria (PKU) in 1963.1,2

Universal newborn screening for PKU was initiated after pr-
esymptomatic diagnosis proved to be an essential component to
successful long-term outcome. Since that time, additional dis-
orders have been added to newborn screening programs once it
became evident that early diagnosis before symptom onset was
shown to improve health and development of affected individ-
uals. Many factors contribute to long-term outcome including
the natural history and genetic heterogeneity of a condition,
timing of diagnosis, implementation and management of treat-
ment, adherence to medical recommendations, socioeconomic
factors, access to treatment and resources required for optimal
care, and the organization of the health care delivery system
(Fig. 1). These factors have been researched most systemati-

cally in PKU. In 2000, a national conference on optimal man-
agement of PKU identified multiple measures required for good
outcome including timely diagnosis, prolonged dietary restric-
tion of phenylalanine, availability of varied nutritional dietary
products, guidance by experienced care providers including
specialized nutritionists, and economic factors such as coverage
of special formulas and low-protein dietary products.3

The application of tandem mass spectrometry (MS/MS) to
newborn screening, first described by Millington et al.4 in 1990
allowed for a drastic increase in the number of metabolic
disorders screened for in the neonatal period. In 2005, the
American College of Medical Genetics Newborn Screening
Expert Group established a universal panel of metabolic disor-
ders that would benefit from newborn screening in the United
States.5 This universal panel has been gradually mandated and
implemented throughout the United States.6 However, with
evidence-based data being scarce, many important questions
remain to ensure that the implementation of a newborn screen-
ing program will ultimately be followed by good outcome of the
affected child. An important question is whether the outcome of
affected children identified through newborn screening is better
in both overall health and development, when compared with
those children diagnosed clinically.7 The benefit of early diag-
nostic recognition has been documented for some conditions
such as medium-chain acyl-CoA dehydrogenase deficiency but
not for the majority of the disorders on the universal panel.8

Large-scale longitudinal studies with long-term data are needed
to understand the clinical spectrum and to assess the impact of
newborn screening.9,10 Defined datasets are a necessity to col-
lect similar data regionally or even nationally.

In 2006, only about half of the state and territorial newborn
screening programs in the United States conducted long-term
follow-up.11 Of those states, only about half had a standard
protocol in place, and there was great variation in long-term
follow-up. Nonetheless, it was realized that the full benefits of
newborn screening require a framework for long-term follow-
up, particularly as the program is expanded to more disorders.
The Association of Maternal and Child Health Programs’ New-
born Screening and Genetics Advisory Group outlined the com-
ponents of long-term follow-up to include assessing patient
progress through defined outcome indicators, collecting and
analyzing state and national long-term follow-up data, and
engaging in continuous quality improvement.12

Such longitudinal studies are challenging, and to date, very
few reports exist on long-term follow-up of the disorders de-
tected by newborn screening. A German study tracked 106
affected newborns identified through MS/MS for a period of 42
months.13 Of the 70 babies deemed to require treatment, six
developed symptoms and three of those children died.13 Sixty-
one remained asymptomatic with normal psychomotor devel-
opment, no major disabilities, and no metabolic crises, thus
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demonstrating the benefit of newborn screening and early treat-
ment.13 However, this study lacked quantitative measurements
of intelligence and motor development. A long-term follow-up
study of 50 infants identified by newborn screening in Massa-
chusetts, Maine, and Pennsylvania used quantitative outcome
measurements such as number of hospitalizations, utilization of
services, and quantitative measures of development (Bayley
Scales of Infant Development and the Stanford-Binet intelli-
gence Scale).14 On average, patients identified by newborn
screening received treatment 4 months sooner than those iden-
tified clinically.14 The newborn screening cohort experienced
fewer developmental and health problems and functioned better
in aspects of daily living.14 They had 60% fewer medical
problems and scored higher on developmental tests.14

There are several challenges in collecting long-term data for
these rare disorders. First, the rarity of the conditions makes
single-center studies impossible because it would take many
years for a center to collect enough cases for statistical signif-
icance in outcome studies. Therefore, collaborative studies are a
necessity but often introduce additional variables. Second, the
natural history of many disorders is not completely understood.
New late complications may develop in older patients, which have
yet to be described. Newborn screening also identifies a new subset
of patients with possible milder, more benign forms of some of the
disorders, which previously went undetected, indicating a need for
genotype-phenotype correlations.15 Finally, controversy exists
whether some disorders, such as short-chain acyl-CoA dehydroge-
nase deficiency and 3-methylcrotonyl CoA carboxylase (3-MCC)
deficiency, cause clinical disease.

Thus, the metabolic providers in the Mountain States region set
forth to establish a consortium and develop a comprehensive pro-
gram for long-term follow-up to study the factors involved in
maximizing the outcome of children identified through newborn
screening. This article describes the process and goals of this
Mountain States Genetics Regional Collaborative Center’s (MS-
GRCC) Metabolic Newborn Screening Long-term Follow-up
Study.

OBJECTIVES

The primary objective of the MSGRCC Metabolic Newborn
Screening Long-term Follow-up Study was to develop a long-

term follow-up program over a sufficiently large population in
a suitably homogenous manner that allowed the systematic
analysis of factors that affect long-term outcome of all inborn
errors of metabolism identified by newborn screening. To pro-
vide for a sufficient number of patients, a multistate collabora-
tive consortium was organized. Homogeneity of data were
achieved through the development of minimal disease-specific
care plans and shared datasets that focused on disease charac-
teristics including genotype, treatment criteria, and common
measurable long-term outcome parameters. The datasets also
included objective measures of neurocognitive and functional
outcome. It is planned that all these parameters will be included
in a single database. Using this data, parameters that critically
affect long-term outcome will be evaluated. A primary question
to be analyzed is whether presymptomatic identification through
newborn screening has measurable objective benefits on long-
term outcome, when compared with symptomatic clinical de-
tection. Hence, the database will also include patients identified
through clinical ascertainment in which the same parameters are
tracked. In addition, minimum disease-specific care parameters
in the database also will provide a baseline from which to
analyze the impact of clinic-specific variations in treatment,
thus allowing systematic studies of improvements in treatment
strategies. Also, the minimum parameters will serve as a base-
line to track adherence to medical recommendations as judged
against the outcome. Finally, the heterogeneity of the study
region over a large geographic area using similar homogenous
treatment parameters will allow for studies on the impact of
socioeconomic and organizational variables on the long-term
outcome of the conditions involved.

MSGRCC OVERVIEW

The MSGRCC is one of seven regional collaborative centers
in the nation and includes the states of Arizona, Colorado,
Montana, New Mexico, Nevada, Texas, Utah, and Wyoming.
The center is funded by the US Department of Health and
Human Services, Health Resources, and Service Administration
Genetics Services Branch. The MSGRCC then funds the
MSGRCC Metabolic Consortium.

Fig. 1 Factors affecting long-term outcome of newborn screening.
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The Mountain States region is unique in the vast geograph-
ical size and cultural diversity of the region. There are more
than 38 million people in this eight state region with a land area
of 1,081,813 square miles.16 Although there are some major
metropolitan areas in the region, much of this area is rural with
an overall population density of approximately 37 people per
square mile, about one half of the national population density.16

The region is culturally diverse and includes large populations
of Native Americans, Hispanic Americans, African Americans,
and groups from Southeast Asia and Eastern Europe.16

There are more than 600,000 births annually in this region.16

With expanded newborn screening detecting approximately 1 in
4,000 babies with a metabolic disease, 150 babies are born
every year in the Mountain States region who require specialty
care by a metabolic center. The metabolic centers in the Moun-
tain States region are located in large cities. These clinics cover
a vast geographic region that includes urban and rural areas, and
often spans more than one state. Currently, there are 12 major
metabolic centers in the region, with only four of those centers
outside of the state of Texas. Before the start of the MSGRCC
Metabolic Newborn Screening Long-term Follow-up Study,

there were well-established collegial relationships among many
of the metabolic providers in the Mountain States region.

METHODS

The MSGRCC Metabolic Newborn Screening Long-term
Follow-up Study is an ongoing process including establishment
of a consortium, development of disease-specific care plans and
outcome measures (shared datasets), development of neuropsy-
chological measures, review and implementation of care plans,
database development, data collection of performance indica-
tors and outcome measures, analysis of datasets, and continued
review and collaboration by the consortium (Fig. 2).

There were a number of factors considered when developing
the MSGRCC long-term follow-up study. The first was unbi-
ased enrollment, meaning all patients diagnosed by newborn
screening with an inborn error of metabolism would be in-
cluded. Second, common shared data elements needed to be
determined, so that similar data would be collected from all
metabolic clinics involved. Third, data would be collected pro-
spectively and obtained longitudinally. Fourth, a consensus on a

Fig. 2 Development and review of disease-specific care plans and shared datasets.
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minimally homogenous approach to diagnosis and treatment
would be developed over multiple centers. Fifth, respect for
clinic to clinic variability would be allowed and the impact
captured. Finally, these data collection measures should be
possible within the very limited resources available to this
project in this region.

The first step in this project was to establish a consortium of
clinical care providers from the metabolic clinics throughout the
region including biochemical geneticists, genetic counselors,
metabolic dietitians, nurses, and consumers (Table 1). This
group included representation from all the states located in the
Mountain States region. After the establishment of the consor-
tium, the group began development of disease-specific care
plans for diagnosis and treatment of all the inborn errors of
metabolism that are currently screened for in the region. The
process included review of current literature and current clinical
practice of the metabolic clinics, development of the disease-
specific care plans with specific outcomes for each, preliminary

review by the metabolic team in Colorado, review by the
consortium of all disease-specific care plans, revision of the care
plans with appropriate outcome measures, and distribution and
implementation of the care plans. The consortium continues to
meet yearly to review and update the care plans and outcome
measures.

The disease-specific care plans are for long-term treatment
and follow-up and are not to be confused with the ACTion
sheets, which were developed by the American College of
Medical Genetics for short-term follow-up.17 These datasets
identify minimal treatment criteria as a tool to measure com-
pliance with clinical recommendations with subsequent com-
parison to outcome. The datasets are not to be considered
standards of care but rather a framework to achieve homoge-
nous data collection, a necessity for comparison of data across
multiple clinics. A consensus by the consortium was reached
about what current treatment is minimally appropriate and neces-
sary. Differences in treatment beyond the minimally agreed-on
care will be documented to allow later comparison of outcomes. In
rare metabolic diseases, where randomized control trials are not
often feasible, such analyses can provide insight into the impact of
variations in treatment strategy.

Each care plan included common components, such as
growth and cognitive outcome, and disease-specific consider-
ations. For instance, in the care plan for very long-chain acyl-
CoA dehydrogenase (VLCAD) deficiency, special consider-
ations consisted of cardiomyopathy, arrhythmia, hepatic
dysfunction, rhabdomyolysis, maternal complications during
pregnancy such as acute fatty liver of pregnancy and HELLP
syndrome, and possible normalization of acylcarnitine profile
after an abnormal newborn screening.18 The VLCAD protocol
included dietary treatment considerations of low-fat diet with
limited long-chain triglycerides and supplementation with me-
dium-chain triglyceride oil. For follow-up, the care plans out-
lined minimal frequency of clinic visits and laboratory studies
including baseline studies, interim monitoring laboratories for
dietary follow-up, and laboratory studies to be done at clinic visits
or on a yearly basis. The care plans addressed emergency man-
agement including evaluations and laboratory studies obtained
during illness. Subspecialty evaluations were included, such as
cardiology evaluation in VLCAD deficiency (Appendix).

For all disorders, developmental components will be tracked
using neuropsychological testing to evaluate the cognitive and
developmental sequelae. A detailed neuropsychological profile
has been described in only a few metabolic disorders, such as
executive functioning deficits in PKU.19 Thus, a standard de-
velopmental protocol was established to capture subtle devel-
opmental concerns for all disorders. The protocol includes fre-
quent developmental monitoring through yearly assessments at
clinic visits by parent questionnaires, namely the Alpern Boll
Developmental profile-II and the Child Behavioral Checklist.
The latter is also available for Spanish speaking families, an
important factor in the diverse population of the Mountain
States region. At ages of 3 and 6 years, more thorough devel-
opmental information with the Wechsler Preschool and Primary
Test of Intelligence-III will be gathered. A full neuropsycho-
logical evaluation at age 9 years will be done by neuropsycholo-
gists and will include particular disease-specific developmental
concerns, such as executive function in PKU and speech dys-
praxia in galactosemia. Psychiatric concerns in certain disor-
ders, such as PKU and maple syrup urine disease, will be
addressed at age 18 years.

Based on the disease-specific care plans, performance indi-
cators and outcome measures were established for each disor-
der. Performance indicators are bench mark data used to track

Table 1 MSGRCC metabolic consortium

MSGRCC biochemical geneticists Regional participants

Kirk Aleck, MD (AZ) Susan Berry, MD (Region IV)

Debra Freedenberg, MD, PhD
(TX)

Stephen Cederbaum, MD
(Western States)

Renata Gallagher, MD, PhD
(CO/WY)

Sara Copeland, MD
(Heartland)

James Gibson, MD,
PhD (TX)

Stephen Kahler, MD
(Heartland)

Randy Heidenreich,
MD (AZ/NM)

Rani Singh, PhD, RD
(Region III)

Celia Kaye, MD (CO) Wendy Smith, MD (NEGC)

Claire Leonard, MD (NM) Judith Tuerck, RN, MS
(Western States)

Nicola Longo, MD, PhD (UT/NV) Michael Watson, PhD (NCC)

Marzia Pasquali, PhD (UT) Neuropsychologists

Susan Root, MD (NM) Richard Boada, PhD (CO)

Janet Thomas, MD (CO/WY/MT) Jennifer Janusz, PhD (CO)

Johan VanHove, MD, PhD (CO/
WY)

Greta Wilkening,
PhD (CO)

MSGRCC genetic counselor/nurses Database development

Rebecca Anderson, RN,
PhD (UT)

Catherine Staes,
PhD (UT)

Sarah Cox, MS, CGC (AZ) Reid Holbrook, MD (UT)

Cynthia Freehauf, RN, MS, CGC
(CO)

Bruce Straw (CO)

Paul Turtle (CO)

Consumer representatives

Lori Wise (CO)

Joe Martinec (TX)

Rena Vanzo, MS, LGC (UT)

Erica Wright, MS, CGC (CO)

MSGRCC registered dieticians

Laurie Bernstein, MS, RD,
FADA (CO)

Sharon Ernst, MPH, RD, CD
(UT)
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and compare disease parameters such as laboratory values and
number of hospitalizations. Outcome measures are designed to
measure the result of the interventions. For example, in PKU,
the number of phenylalanine levels obtained and the yearly
average of phenylalanine values constitute performance indica-
tors, whereas the neuropsychological evaluation including in-
telligence quotient and overall level of functioning is an out-
come measure. The performance indicators and outcome
measures are shared datasets that the region will use as the
framework for the analysis of long-term follow-up.

After the identification of this data framework, the next
challenge included the development of tools for data collection
and for data storage. The data collection tools must be easily
integrated in the current clinic routine without burdening the
metabolic providers. The final data will be entered into a shared
web-based database. The Clinical Health Information Records
of Patients database, developed by the Colorado Department of
Public Health and Environment for use in newborn screening, is
being adapted to store the data. Patients will receive a unique
patient identifier and will be consented by each separate meta-
bolic center per a protocol approved by the local institutional
review board. A direct benefit is the portability of the data when
patients migrate between the states within the consortium. An-
other patient benefit would be when clinical trials become
available for specific disorders, patients included in the database
could be alerted of the opportunity to participate.

RESULTS

Disease-specific care plans along with disease-specific per-
formance indicators and outcome measures for 28 inborn errors
of metabolism were developed and completed by the MSGRCC
Metabolic Consortium (Table 2). After the completion of these
components, the care plans were distributed to and trialed in
multiple metabolic clinics throughout the Mountain States re-
gion. Care plans are used as tools in the clinic, where each care
plan and associated dataset will soon be available online. In the
Mountain States region, expanded newborn screening began in
most states within the last 3 years. With the initiation of the
disease-specific care plans very shortly after that, almost all data
from newborn screened patients will be collected longitudinally
and prospectively.

Data collection tools are being piloted by three separate
metabolic centers, and data are being entered in the Clinical
Health Information Records of Patients database. Pilot data on
socioeconomic and organizational indicators are being collected
for PKU using the dataset from the past 3 years in Colorado
before expanding the dataset to other states. Additional issues
still being addressed are the ownership of the data and the
possibility of a shared institutional reviewed protocol to be used
by multiple metabolic clinics.

The MSGRCC Metabolic Consortium meets annually to re-
view the project, discuss new findings reported in the literature,
and adapt the care plans, performance indicators, and outcome
measures. Data collection and database maintenance are also
reviewed. Finally, the consortium will review new research
proposals using the shared datasets.

DISCUSSION

The individual rarity of many inborn errors of metabolism
detected by newborn screening using MS/MS resulted in limited
scientific literature addressing treatment. Only for the most
common disorders such as medium-chain acyl-CoA dehydro-
genase deficiency do single-center studies comprise sufficient

number of patients to derive reliable conclusions on issues such
as the medical impact of the introduction of newborn screen-
ing.8 Multicenter studies such as the Australian collaboration,
similar to the Mountain States, can provide more detailed an-
swers.20 Care providers usually have to rely on limited publi-
cations and on individual experience, sometimes strengthened
by discussions with colleagues around the world on such forums
as the Metab-L listserve or informal discussions at national or
international conferences. As a result, the treatment of these rare
disorders differs from metabolic clinic to metabolic clinic or
even within the same clinic from physician to physician. This

Table 2 Disease-specific care plans and shared datasets

Fatty acid oxidation disorders

Glutaric acidemia type II

Short-chain acyl-CoA dehydrogenase deficiency

Medium-chain acyl-CoA dehydrogenase deficiency

Long-chain 3-hydroxyacyl-CoA dehydrogenase deficiency

Very long-chain acyl-CoA dehydrogenase deficiency

Carnitine transporter deficiency

Carnitine-acylcarnitine translocase deficiency

Carnitine palmitoyl transferase deficiency, type I

Carnitine palmitoyl transferase deficiency, type II

Organic acidemias

Glutaric acidemia type I

Isovaleric acidemia

Methylmalonic acidemia-mutase

Propionic acidemia

3-Methylcrotonyl CoA carboxylase deficiency

Urea cycle disorders

Citrullinemia

Argininemia

Argininosuccinic acid lyase deficiency

Amino acidemias

Phenylketonuria

Hyperphenylalaninemia

Homocystinuria

Hypermethioninemia (MAT-1)

Maple syrup urine disease

Tyrosinemia type I

Tyrosinemia type II

Tyrosinemia type III

Other disorders

Galactosemia

Biotinidase deficiency

Partial biotinidase deficiency
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lack of uniformity further impedes the grouping of cases into
large empirical studies. As a result, it remains unclear what
the best course of treatment is for many of the disorders, and
thus, long-term data are required to develop evidence-based
treatment strategies. Recent progress has been made on glu-
taric acidemia type I by collecting information from around
the world, but for most disorders, many questions remain
unanswered.21

Similar to other consortiums, the MSGRCC pools data from
a group of metabolic treatment centers. It is unique in that it
starts by defining relevant outcome measures such as neuropsy-
chological outcomes and quality of life measures, then will
systematically and prospectively study a full complement of
determinants of these outcomes. Some factors to be analyzed
will include the genetic variation within the disorders, the
medical approaches to diagnosis and treatment, and the socio-
economic and health care organizational factors. The uniformity
allows pooling of data across the region to develop data-based
studies within a reasonable time frame for all but the rarest
conditions. This will provide the basis for a future data-driven,
rather than expert-driven, approach to the management of these
patients.

Many challenges remain in the care of patients with these
disorders that would greatly benefit from such data collection.
These questions include late complications of older survivors,
milder genotypes that may require a different treatment ap-
proach, the appropriateness of screening for certain disorders
where new clinical information is becoming available, con-
trolled trials of dietary approaches, introduction of new medi-
cations and treatments, the role of government support for
treatment too expensive for most individuals but a necessity
for good outcome, and the optimal organization of health
care provisions within the medical home model considering
the specialized nature of the disorders. Overall, the primary
question is whether patients detected by newborn screening
have a better overall outcome than those patients diagnosed
clinically.

The ultimate goal of newborn screening is to prevent death
and serious medical complications. When patients live longer,
new medical complications may be recognized as in the case of
speech dyspraxia and ovarian failure for patients with galac-
tosemia surviving the neonatal period, and maternal PKU syn-
drome.15,22 Systematic and prospective follow-up is needed to
identify these issues. Follow-up of patients identified by new-
born screening has resulted in new insights into the symptom
spectrum of patients identified without bias. Newborn screening
now identifies a new subset of patients with possible milder,
more benign forms of some of the disorders. Previously, such
patients may have gone undetected as their recognition was
difficult, and the course of disease was not serious enough to
dictate evaluation and diagnosis.15 Phenotype and genotype
correlations are beginning to emerge to separate severe presen-
tation from milder cases in VLCAD deficiency and isovaleric
acidemia.23–25 Additional data are necessary to further
strengthen this division and, thus, prevent overtreatment. To the
extreme end of this question, the generally benign nature of
certain conditions when identified without bias by newborn
screening generates the question of whether patients will suffi-
ciently benefit from newborn screening to warrant these dis-
eases’ inclusion, such as short-chain acyl-CoA dehydrogenase
deficiency and 3-MCC deficiency.26–28 In recent years, certain
programs have removed conditions such as 3-MCC deficiency
from the newborn screening panel due to the low ratio of benefit
to harm.29

The development of disease-specific care plans and shared
datasets resulted in extensive roundtable discussions in which
information and experience was shared. Each member of the
MSGRCC Metabolic Consortium found great value in the de-
bate at the workgroup sessions. No one member of the consor-
tium was an expert in all the disorders screened. The consortium
helped foster collegiate relationships with the opportunity to
share experiences, ask questions, and offer treatment advice.
Through the pooling of the experts’ opinion into a consensus, a
greater quality of evidence-based care and greater uniformity of
the approach to patient care were immediately achieved, result-
ing in improvement in the consistency of care. More formal
approaches to the development of multiple expert opinions such
as the Delphi method, recently developed for the diagnosis and
care for 3-MCC deficiency and for VLCAD deficiency, can
easily be integrated into these care plans.30,31 Overall, the ex-
perience benefited all those involved. Practical resources such
as emergency protocols and parent information were pooled and
disseminated.

In the economic reality of limited resources, it is important to
guide policymakers with data on future decisions regarding the
most effective application of financial support and the optimal
organization of the care for disorders identified by newborn
screening to reap its full potential benefit.32 Long-term fol-
low-up studies might aid in continued financial support from
both federal and state legislations and government-funded pro-
grams. Particularly, current funding for newborn screening
could be validated by evidence showing the importance of
newborn screening. The National Institutes of Health consensus
development conference on PKU published in 2001 revealed
that inconsistent policies for funding of medical foods and
low-protein products have created a barrier to access, even
though such products were deemed essential for maintenance of
metabolic control throughout life.3 The panel recommended
reimbursement for these medical foods and products to be
covered by third-party payers. However, actual data of the
implications of inconsistent coverage on long-term outcome
have not been systematically studied, and little change has
occurred in the approach by third-party payers or by individual
states. Finally, the rarity of the individual conditions and the
lack of expertise by primary care providers of these disorders
pose special problems in the grounding of care to the medical
home while delivering the most effective service. A centralized
approach in an expert center delivered more effective care than
a decentralized approach, but the impact of costly travel clinics
on a “hub and spoke model” for large geographical areas has not
been reviewed.33 Our large regional model will allow us to
address such issues with factual data about the impact of various
care models on long-term outcome.
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APPENDIX: DISEASE-SPECIFIC CARE PLANS AND
SHARED DATASETS

Galactosemia: Care plan and shared dataset
Clinical considerations
● Cataracts
● Verbal dyspraxia
● Osteopenia
● Duartes
● Ovarian failure
● Ataxia, tremors
Diet considerations
● Galactose/lactose restricted
● Calcium supplementation

� With Vitamin D
Frequency of metabolic visits
Age Frequency
0–6 yr Every 6 mo
�6 yr Yearly
Other evaluations
● Ophthalmology time of diagnosis

� If cataracts, recheck 6 mo
� If noncompliant, repeat
� Not warranted if compliant

● Speech eval (2, 5, and 9 yr)
● Spine DEXA (9 and 18 yr then every 5 yr)
● Yearly developmental questions (to be completed by parents)
● Developmental eval (3 and 6 yr)
● Neuropsych (9 and 18 yr)
● Females: endocrinology or GYN if laboratories abnl or at time of

pubertal development (physical examination) of if there is a lack
of pubertal development by age 14 yr

● Metabolic dietician eval (at least yearly)
Initial laboratories (diagnostic and baseline)
● Gal-1-Phosphate
● Galactose-1-phosphate uridyl transferase enzyme
● Electrophoresis or mutation analysis
● Bilirubin (direct/total), transaminases, PT
Monitoring laboratories
● Gal-1-P levels
● Consider urinary galactitol
Age Frequency
0–6 yr Every 6 mo
�6 yr Every year

Clinic visit laboratories
● Gal-1-P levels (see above)

● Consider urinary galactitol

Yearly laboratories
● Females: follicle-stimulating hormone, luteinizing hormone, and

estradiol (yearly starting at age 9 yr)

● Consider progesterone (yearly starting at age 9 yr)

● Consider calcium, phosphate, Vitamin D and 25-OH Vitamin D

Performance indicators
1. Age of diagnosis and diet initiation

2. Age at which Gal-1-P within treatment range (metabolic control)

3. Initial laboratory studies

a. NBS results
b. Gal-1-P levels
c. Galactitol levels
d. Molecular results

4. Monitoring laboratory studies
a. Gal-1-P levels
b. Galactitol levels
c. Other laboratories: calcium, phosphate, Vitamin D and 25-OH

Vitamin D
d. Females: follicle-stimulating hormone, luteinizing hormone,

estradiol, and progesterone
5. Frequency of clinic contacts and visits (track compliance with

visits)
6. Growth parameters (ht, wt, OFC, BMI)
7. Spontaneous puberty (Y/N)
8. Reported calcium and Vitamin D intake
9. DEXA results and number of fractures

10. Diet
a. Frequency of dietician visits (phone and clinic visits)
b. Frequency of dietary analysis (3-day diet records)

11. Neuropsychological evaluation results
12. Developmental services (PT, OT, and speech)
13. School performance

a. Grade appropriate (Y/N)
b. Special services (Y/N)
c. IEP (Y/N)

14. Genetic counseling (Y/N)
Outcome indicators
1. History and/or presence of cataracts (age of diagnosis)
2. History and/or presence of verbal dyspraxia or other speech

problems
3. History and/or presence of osteopenia and fractures
4. History and/or presence of neurologic presentation (tremors,

ataxia)
5. Development of premature ovarian failure
6. Development

a. IQ
b. Level of functioning
c. Decline in IQ or level of function as an adult

7. Growth
a. Final adult parameters

PKU: Care plan and shared dataset
Clinical considerations
Cofactor studies
● Tyrosine supplementation
● If low consistently
● Hyperphe and maternal PKU-separate care plans
● Kuvan
Diet considerations
● Phe restricted diet for Phe �6 mg/dl
● Adjunctive care

� Large neutral amino acids
� Pharmacological therapy (Kuvan)
� Alternative pathway (PEG-PAL)

Frequency of metabolic visits
Age Clinic visits
0–6 mo Every 2 mo
6–12 mo Every 3 mo
1–18 yr Every 6 mo
�18 yr Every year
Other evaluations
● Yearly developmental questions (to be completed by parents)
● Developmental eval at 3 and 6 yr
● Neuropsych at 9 and 18 yr

� Psychiatric evaluation
● Spine DEXA at 9 and 18 yr
● Metabolic dietician eval (at least yearly)
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Initial laboratories (diagnostic and baseline)
● Quantitative Phe and Tyr (or SAA)
● Urinary pteridine profile
● Blood dihydropteridine reductase enzyme assay
● Consider molecular analysis
Monitoring laboratories
● Quantitative Phe
● Recommended Treatment ranges

� �12 yr 2–6 mg/dL
� �12 yr 2–10 mg/dL
� Pregnant 2–6 mg/dL

Age Frequency
0–6 mo Weekly
6–12 mo Every 4 weeks
�12 mo Monthly
***If levels in control
Clinic visit laboratories
● Phe levels (see above)
Yearly laboratories
● Quantitative tyrosine level
● Consider yearly quantitative plasma amino acids
● Prealbumin/albumin
● Plasma Ferritin, transferrin, or iron studies
● Consider CBC, hemoglobin, and hematocrit
● Folate and Vitamin B12

� �12 yr or if noncompliant with formula
� Consider urine MMA

● Consider other nutritional testing depending on formula (zinc,
selenium, Vitamin D, essential fatty acids, and lipid profile).

Performance indicators
1. Age of diagnosis and diet initiation
2. Age of metabolic control (�6 mg/dL)
3. Initial laboratory studies

a. NBS results
b. Phe and Tyr levels
c. Urinary pteridine profile
d. Blood dihydropteridine reductase enzyme assay
e. Molecular results

4. Monitoring laboratory studies
a. Phe and Tyr levels

i. Levels
ii. Frequency

b. Other laboratories: nutrition laboratories and quantitative
plasma amino acids

5. Growth parameters (ht, wt, OFC, and BMI)
6. Frequency of clinic contacts and visits (track compliance with

visits)
7. Diet

a. Frequency of metabolic dietician visits (phone and clinic
visits)

b. Frequency of dietary analysis (3-day diet records)
c. Natural protein intake (tolerance)
d. Medical foods (formula): (Y/N)
e. Modified low-protein products (Y/N)

8. Illness frequency
9. Tyrosine supplementation (Y/N, dosage)

10. Neuropsychological evaluations
11. Abnormal neurologic examination
12. Developmental services (PT, OT, and speech)
13. School performance

a. Grade appropriate (Y/N)
b. Special services (Y/N)
c. IEP (Y/N)

14. Genetic counseling (Y/N)
Outcome indicators
1. Development

a. IQ
b. Level of functioning

2. History and/or presence of psychiatric issues (generalized anxiety,
panic, and/or depression)

3. History and/or presence of Attention Deficit Disorder and use of
medications.

4. Growth
a. Final adult parameters

Citrullinemia: Care plan and shared dataset
Clinical considerations
● Stabilizing neonate (meds and hemodialysis)
Diet considerations/treatment
● Low-protein diet
● Formula (essential AA)
● Medication for hyperammonemia

� Carnitine reported in 1 article
● Avoidance of fasting
● Liver transplant
Frequency of visits
Age Frequency
0–6 mo Every 2 mo
6–24 mo Every 3 mo
2–18 yr Every 6 mo
�18 yr Yearly
Emergency management
● Immediate 10% (or �) dextrose with salts � intralipids (may need

insulin)
● If ammonia high, IV meds, or dialysis
● Track ammonia levels, IV meds (dose), dialysis, central line,

intubation, ICU care, days in hospital, and coma score
● Transfer to peds center if necessary
Other evaluations
● CT /MRI scan at time of Dx if clinically warranted
● MRI at 9 yr or sooner if clinically warranted
● Liver function
● Bone health

� DEXA-spine at 9 yr for nonweight baring and 18 yr for all
others

● Yearly developmental questionnaires (to be completed by parents)
● Developmental eval at 3 and 6 yr
● Neuropsych at 9 yr
● Psychiatric screening at 18 yr
● Referral to liver and/or renal as needed
● Referral to neurology as needed
● Metabolic dietician eval (at least yearly)
Initial laboratories (diagnostic and baseline)
● Quantitative plasma amino acids
● CMP and ammonia
● Consider blood gases, UOA, urine orotic acid, and PT/PTT
● Consider argininosuccinate synthase (ASS) enzyme assay on

fibroblasts for CIT
● Consider sequencing for CIT
Monitoring
● Quantitative plasma AA
Age Frequency
0–6 mo Every 2 weeks
6–12 mo Monthly
1–6 yr Every 3 mo
6–18 yr Every 6 mo
�18 yr Yearly
Clinic visit laboratories
● Comp metabolic panel with LFTs
● Consider ammonia, PT, and prealbumin

Wright et al. Genetics IN Medicine • Volume 12, Number 12, December 2010 Supplement

S236 © 2010 Lippincott Williams & Wilkins



Laboratories to obtain during illness
● Comp metabolic panel
● Ammonia
● SAA
Yearly laboratories
● Comp metabolic panel with LFTs
● PT/PTT
● Consider ammonia
● Prealbumin/albumin
● Plasma ferritin, transferrin, or iron studies
● Consider CBC, hemoglobin, and hematocrit
● Consider folate and Vitamin B12
● Consider other nutritional testing (zinc, selenium, Vitamin D,

essential fatty acids, and lipid profile).
Performance measures
1. Age of diagnosis (both positive NBS and confirmatory SAA)
3. Presence of illness at time of diagnosis including lethargy,

somnolence, refusal to feed, vomiting, tachypnea, increased
neuromuscular tone, spasticity, and ankle clonus.

5. Days until ammonia is within treatment range
7. Therapy during initial care

a. Track IV meds (dose), dialysis, use of central line, intubation,
ICU care, days in hospital, and coma score

9. Initial laboratory studies
b. NBS results
d. Quantitative plasma amino acids
a. CMP
b. Ammonia
c. blood gases
d. UOA
e. urine orotic acid
f. PT/PTT
g. Molecular studies
h. Enzymatic studies

11. Monitoring laboratory studies
a. Quantitative serum amino acids
b. Ammonia levels
c. Nutrition laboratories

12. Frequency of clinic contacts and visits (track compliance with
visits)

13. Total decompensations and hospitalizations.
14. Neuropsychological evaluation
15. Psychiatric screening
16. Developmental services (PT, OT, and speech)
17. School performance

a. Grade appropriate (Y/N)
b. Special services (Y/N)
c. IEP (Y/N)

18. Genetic counseling (Y/N)
Outcome measures
1. Mortality
2. Development

a. IQ
b. Level of functioning

3. History and/or presence of osteopenia
4. History and/or presence of abnormal MRI findings
5. History and/or presence of liver dysfunction
6. History and/or presence of psychiatric illness
7. Outcome of liver transplantation
8. Growth

a. Final adult parameters

Glutaric acidemia, type I: Care plan and shared
dataset
Clinical considerations
● Basal ganglia strokes
● Retinal hemorrhages/subdural hematomas (diff dx of NAT)
● Macrocephaly
● Low excretors may be missed on NBS
Diet considerations/treatment
● Dietary restriction of lysine and tryptophan
● Formula/multivitamin
● Carnitine: �100 mg/kg/day
● Consider riboflavin 100 mg/day
● Neuropharmaceuticals if needed
Frequency of visits
Age Frequency
0–6 mo Every 2 mo
6–24 mo Every 3 mo
2–12 yr Every 6 mo
�12 yr Yearly
Emergency management
● Prevention of catabolism-stop protein
● Immediate IV 10% dextrose plus lipids
● IV carnitine, begin at 100 mg/kg/day
● Aggressive fever management
Other evaluations
● Consider baseline head CT and/or brain MRI
● If MRI if not obtained at dx, then consider between 3 and 6 mo,

with f/u MRI at 1, 2, 6, and 18 yr if clinically indicated
● Nutrition eval with metabolic dietician: freq?
● Refer to neurology if warranted
● Bone health

� DEXA spine at 9 and 18 yr
� Nonweight bearing at 6, 9, 12, and 18 yr

● Yearly developmental questionnaires (to be completed by parents)
● Developmental eval at 3 and 6 yr
● Neuropsych at 9 yr
● Psychiatric screening at 18 yr
● Metabolic dietician (at least yearly)
Initial laboratories (diagnostic and baseline)
● UOA and ACP
● Consider quantitative glutaric/3-OH glutaric
● Consider molecular (sequencing ) or glutaryl-CoA dehydrogenase

enzyme assay
● Consider baseline head CT and/or brain MRI
Monitoring
● Quantitative SAA
Age Frequency
0–6 mo Monthly
6–24 mo Every 3 mo
2–6 yr Every 6 mo
�6 yr Yearly
***Consider quantitative serum glutaric/3OH glutaric
***Consider ACP
Clinic visit laboratories
● See above
● Quantitative SAA
● Consider ACP
Laboratories to obtain during illness
● Basic metabolic panel
● Urine ketones/UA
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Yearly laboratories
● Carnitine
● Prealbumin/albumin
● Plasma Ferritin, transferrin, or iron studies
● Consider CBC, hemoglobin, and hematocrit
● Folate and Vitamin B12

� If noncompliant with formula
� Consider urine MMA

● Consider other nutritional testing depending on formula (zinc,
selenium, Vitamin D, essential fatty acids, and lipid profile)

Performance measures
1. Age of diagnosis (both positive NBS and confirmatory ACP and

UOA)
2. Initial laboratory studies

a. NBS results
b. UOA and ACP
c. Quantitative glutaric/3-OH glutaric
d. Molecular studies
e. Enzymatic studies

3. Monitoring laboratory studies
a. Quantitative serum amino acids (to monitor lysine)
b. Urine and/or serum glutaric
c. Serum carnitine
d. Nutrition laboratories

4. Growth parameters (ht, wt, OFC, and BMI)
5. Total decompensations and hospitalizations (including infections)

a. No. of days for hospitalizations
b. No. of ER visits

6. Carnitine supplementation (Y/N, dosage)
7. Use of Neuropharmaceuticals for dystonia (Y/N, dosage and

response)
8. DEXA results and number of fractures
9. MRI findings

10. Diet
a. Diet (Y/N)
b. Age of initiation
c. Age of discontinuation of diet (if applicable)
d. Frequency of dietician visits (phone and clinic visits)
e. Frequency of dietary analysis (3-day diet records)
f. Natural protein intake (tolerance)
g. Lysine restriction or protein restriction
h. Formula (Y/N)
i. Medical foods (Y/N)
j. Mode (oral, G-tube, bolus/drip, meds only/meds, and diet)

11. Neuropsychological evaluation results
12. Developmental Services (PT, OT, and speech)
13. School performance

a. Grade appropriate (Y/N)
b. IEP (Y/N)
c. Special services (Y/N)

14. Genetic counseling (Y/N)
Outcome measures
1. Mortality
2. Development

a. IQ
b. Level of functioning

3. History and/or presence of neurologic symptoms and abnormal
MRI findings (basal ganglia changes)

4. History and/or presence of subdural hematomas
5. History and/or presence of retinal hemorrhages
6. Growth

a. Final adult parameters
b. Presence of macrocephaly

Methylmalonic acidemia-mutase: Care plan and
shared dataset
Clinical considerations
● Stabilize neonate
● Pancreatitis
● Bone marrow suppression
● Renal disease
● B12 responsive
● Cardiomyopathy
Diet considerations/treatment
● Dietary restriction of propiogenic amino acids
● Essential amino acid formula
● B12: 1 mg/day for 2-week trial (IM or subcut)
● Carnitine: 50–100 mg/kg/day
● Antibiotics for gut flora if poor control
● Consider liver and/or kidney transplant
● Avoidance of fasting
Frequency of visits
Age Frequency
0–6 mo Every 2 mo
6–12 mo Every 3 mo
�12 mo Every 6 mo
Emergency management
● Immediate IV 10% dextrose
● Consider IV lipids if fasting �12 hours
● Add IV carnitine 100 mg/kg/day
● Consider cardiac monitoring
Other evaluations
● Referral to neurology if clinically warranted. Consider brain MRI
● Bone health

� DEXA: spine at 9 and 18 yr
● Yearly developmental questionnaires (to be completed by parents)
● Developmental eval at 3 and 6 yr
● Neuropsych at 9 yr
● Consider renal eval
● Consider cardiology eval (especially in illness)
● Metabolic dietician (at least yearly)
Initial laboratories (diagnostic and baseline)
● UOA and SAA
● ACP
● Comp metabolic panel, ammonia, CBC, urine ketones, tHCY, and

B12
● Consider quantitative MMA
● Complementation studies and/or molecular analysis
Monitoring
● Quantitative SAA and Quantitative MMA
Age Frequency
0–6 mo Every 2 weeks
6–12 mo Monthly
1–6 yr Every 3 mo
6–18 yr Every 6 mo
�18 yr Yearly
Clinic visit laboratories
● See above
Laboratories to obtain during illness
● Comp metabolic panel and phosphate
● CBC
● Urinalysis for ketones
● Amylase and lipase
● Consider ammonia
● Consider SAA and quantitative MMA
● Consider B-type Natriuretic peptide: BNP
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Yearly laboratories
● Comp metabolic panel
● Urinalysis for protein
● Blood pressure
● Serum carnitine
● Consider 24-hr urine creatinine clearance and protein at 6 yr then

yearly thereafter
● SAA, UOA, and quantitative urine/plasma MMA
● Consider BNP
● Prealbumin/albumin
● Plasma ferritin, transferrin, or iron studies
● Consider CBC, hemoglobin, and hematocrit
● Folate and Vitamin B12 (if noncompliant with formula)
● Consider other nutritional testing depending on formula (zinc,

selenium, Vitamin D, essential fatty acids, and lipid profile)
Performance measures
1. Age of diagnosis (both positive NBS and confirmatory ACP and

UOA)
2. Presence of illness at time of diagnosis including poor feeding,

vomiting, severe metabolic acidosis, ketosis, ketonuria,
hyperammonemia, and hyperglycemia

3. Initial laboratory studies
a. NBS results
b. UOA
c. SAA
d. ACP
e. CMP
f. Ammonia
g. CBC
h. urine ketones
i. tHCY
j. B12
k. Quantitative MMA
l. Complementation studies

m. Molecular analysis
4. Monitoring laboratory studies

a. Quantitative branched-chain amino acids
b. Metabolic panel
c. Serum carnitine
d. Renal studies
e. Nutrition laboratories

5. Total decompensations and hospitalizations
a. No. of days for hospitalizations
b. No. of ER visits
c. Track ICU admissions
d. Track laboratories including CMP, phosphate, ketones,

amylase/lipase, ammonia, SAA, MMA� and BNP
6. Frequency of clinic contacts and visits (track compliance with visits)
7. B12 responsiveness (Y/N, dose)
8. Growth parameters (ht, wt, OFC, and BMI)
9. Number of pancreatitis episodes

10. Dosage of carnitine supplementation
11. Use of antibiotics (Y,N, type, and dosage)
12. DEXA results and number of bone fractures
13. Transplant

a. Liver (Y/N)
b. Kidney (Y/N)

14. Diet
a. Frequency of metabolic dietician visits
b. Frequency of dietary analysis (3-day diet records)
c. Natural protein intake (tolerance)
d. Formula (Y/N)
e. Medical foods (Y/N)
f. Mode (oral, G-tube, bolus/drip, and meds only/meds and diet)

15. Neuropsychological evaluation results
16. Developmental services (PT, OT, and speech)

17. School performance
a. Grade appropriate (Y/N)
b. IEP (Y/N)
c. Special services (Y/N)

18. Genetic counseling (Y/N)
Outcome measures
1. Mortality
2. Development

a. IQ
b. Level of functioning

3. History and/or presence of neurologic symptoms (dystonia) and
abnormal MRI findings (basal ganglia changes)

4. History and/or presence of renal dysfunction and failure.
5. History and/or presence of cardiac complications
6. History and/or presence of pancreatitis
7. History and /or presence of osteopenia.
8. Outcome of renal and/or liver transplant
9. Growth

a. Final adult parameters

MCAD deficiency: Care plan and shared dataset
Clinical considerations
● Risk underestimated in neonates
Diet considerations/treatment
● Avoid fasting
● Carnitine 50–100 mg/kg/day

� Increase dosage when sick
● Cornstarch if needed (�1 yr when tolerate)
● Consider heart healthy diet (lower fat)
● Consider nutrition evaluation
● Carb load or increase carnitine before exercise
● Fasting tolerance
● Avoid excess MCT oil
Frequency of visits
Age Frequency of clinic visits
0–4 yr Every 6 mo
4–18 yr Once a year
�18 yr Every 3 yr
Emergency management
● Immediate IV 10% dextrose
● Double oral carnitine dosage when sick
● If oral carnitine not tolerated, switch to IV carnitine
● Provide emergency letter
● Glucose gel and/or polycose
Other evaluations
● Yearly developmental questions (to be completed by parents)
● Developmental eval at 3 and 6 yr
● Neuropsych at 9 yr
Initial laboratories (diagnostic and baseline)
● ACP
● Consider UOA
● Total/free carnitine
● Consider urine acylglycine
● Consider ACP/UOA on parents and sibs (if not previously

screened)
● Consider mutational analysis should at least include the common

mutation (A985G)
� If negative, proceed with sequence analysis

● Consider fatty acid ox flux studies (fibroblasts)
Monitoring
● Consider plasma carnitine levels at clinic visits
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Clinic visit laboratories
● Consider carnitine
Laboratories to obtain during illness
● Comp metabolic panel
● Consider ammonia
● Consider uric acid
● Consider urine analysis
● Consider serum CK
Yearly laboratories
● None aside from carnitine at clinic visits
Performance measures
1. Age of diagnosis
2. Presence of illness at time of diagnosis including lethargy,

vomiting, seizures, and coma
3. Initial laboratory studies

a. NBS results
a. Acylcarnitine profile
a. Other abnormal laboratory findings (if obtained) including

glucose, ammonia, uric acid, and LFTS
c. Carnitine
e. Acylgycines
a. Genotype
c. Enzymatic studies

4. Frequency of clinic contacts and visits (track compliance with
visits)

5. Growth parameters (ht, wt, OFC, and BMI)
6. Monitoring laboratories

a. Carnitine
7. Total decompensations and hospitalizations (including infections)

a. No. of days for hospitalizations
b. No. of ER visits
c. Track laboratories including CMP, ammonia, uric acid, urine

ketones, and CK
8. Carnitine supplementation (Y/N, dosage)
9. Use of cornstarch (Y/N, dosage)

10. Exercise intolerance/fatigue (Y/N)
11. Sports participation (type, level)
12. Diet

a. Frequency of dietician visits
b. Frequency of dietary analysis (3-day diet records)
c. Modified diet (Y/N)
d. Percentage of fat in diet

13. Neuropsychological evaluation results
14. Developmental services (PT, OT, and speech)
15. School performance

a. Grade appropriate (Y/N)
b. IEP (Y/N)
c. Special services (Y/N)

16. Genetic counseling (Y/N)
Outcome measures
1. Mortality
2. History and/or presence of obesity and related secondary

complications (insulin resistance and type II diabetes)
3. History and/or presence of fatigue and muscle pain
4. History and/or presence of reduced exercise intolerance/fatigue
5. Development

b. IQ
d. Level of functioning

6. Growth
b. Final adult parameters

VLCAD deficiency: Care plan and shared dataset
Clinical considerations
● Cardiomyopathy and arrhythmia
● Carrier women of affected fetus can have HELLP syndrome and

acute fatty liver of pregnancy
● Hepatic dysfunction
● Risk for rhabdomyolysis and myoglobinuria
● Hypoglycemia
● Normalization of ACP after � NBS in affected
Diet considerations/treatment
● Low-fat diet with limited long-chain triglycerides and

supplemented MCT oil
● Can be liberalized based on genotype and ACP
● High MCT formula

� Need essential FA (safflower, walnut, and canola)
● Consider carnitine
● Consider cornstarch (�1 yr) if symptomatic
● Avoid fasting
● Exercise with physician consultation. Consider carb load.
Frequency of visits
Age Frequency
0–6 mo Every 2 mo
6–24 mo Every 3 mo
�24 mo Every 6 mo
Emergency management
● Immediate IV D5–D10% dextrose plus IV fluids (hyper-hydration)
● If on oral carnitine and not tolerated, switch to IV carnitine
● If rhabdomyolysis, use myoglobinuria protocol
● Consider cardiac monitoring (Chest X-ray to rule out

cardiomyopathy, echo, EKG)
Other evaluations
● Echocardiogram at dx, 6 mo, 12 mo, yearly thereafter
● Yearly developmental questionnaires (to be completed by parents)
● Developmental eval at 3 and 6 y
● Neuropsych at 9 yr
● Metabolic dietician (at least yearly)
Initial laboratories (diagnostic and baseline)
● ACP
● Consider UOA
● Sequence analysis
● Consider FAO flux studies if no or only one mutation found
● Comp metabolic panel
● Carnitine
● Serum CK
● UA
● B-type Natriuretic Peptide (BNP)
Monitoring
● Consider ACP
Clinic visit laboratories
● Carnitine
● Serum CK
● Consider ACP
● Consider LFTs
Laboratories to obtain during illness
● Comp metabolic panel
● Ammonia
● Serum CK
● Acylcarnitine profile
● BNP
Yearly laboratories
● Comprehensive metabolic panel
● ACP
● BNP
● Essential fatty acid profile at 6 m then yearly thereafter
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Performance measures
1. Age of diagnosis and diet initiation
2. Presence of maternal complications during pregnancy (HELLP,

AFLP, and preeclampsia)
3. Presence of illness at time of diagnosis including lethargy,

hypotonia, irritability, feeding difficulties, vomiting,
hepatomegaly, tachypnea, cardiomyopathy, seizures, or coma

4. Initial laboratory studies
a. NBS results
b. Acylcarnitine profile
c. Normalization of values (Y/N)
d. Other abnormal laboratory findings (if obtained) including

CMP, CK, UA, and BNP
e. Genotype
f. Enzymatic studies

5. Frequency of clinic contacts and visits (track compliance with
visits)

6. Growth parameters (ht, wt, OFC, and BMI)
7. Total decompensations and hospitalizations (including infections)

a. No. of days for hospitalizations
b. No. of ER visits
c. Track laboratories including CMP, ammonia, ACP, CK, and

BNP
d. Track rhabdomyolysis

8. Cardiac status at time of diagnosis and thereafter
9. Monitoring laboratory studies

a. LFTs
b. Kidney function
c. Carnitine
d. Fatty acid profile
e. BNP

10. Carnitine supplementation (Y/N, dosage)
11. Diet

a. Frequency of dietician visits
b. Frequency of dietary analysis (3-day diet records)
c. Percent of MCT and LCFA in diet.

i. Including if essential fatty acids are added
d. Formula (Y/N)
e. Mode (oral, G-tube, bolus/drip, meds only/meds and diet)

12. Neuropsychological evaluation results
13. Developmental services (PT, OT, and speech)
14. School performance

a. Grade appropriate (Y/N)
b. IEP (Y/N)
c. Special services (Y/N)

15. Genetic counseling (Y/N)
Outcome measures
1. Mortality
2. History of hypoglycemic episodes
3. History and/or presence of cardiomyopathy
5. History and/or presence of muscle fatigue and rhabdomyolysis
6. History and/or presence of myoglobinuria
7. History and/or presence of liver dysfunction
8. Development

a. IQ
b. Level of functioning

9. Growth
a. Final adult parameters
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