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» Saves thousands of children from
catastrophic consequences of these
disorders; death, mental retardation, or
disabilities.

* NBS has the ability to prevent or reduce the
effects of these devastating disorders.

» [nnovative Technology is available.

UNTREATED CONGENTIAL
HYPOTHYROIDISM

UNTREATED TREATED
PKU PKU
Aminoacidopathies

Enzyme deficiency in the breakdown of amino acids
— Most patients present after the first month of life
PKU
« Build up of phenylalanine “phe”
+ Toxic to the brain
« Without treatment, can lead to MR, seizures, and spasticity
Tyrosinemia
« Build up of tyrosine
« Toxic to the liver
« Without treatment, can result in liver failure
Homocystinuria
« Build up of homocystine is toxic
« Brain = seizures and MR
« Eyes = lens dislocation
+ Bones = marfanoid habitus
+ Coagulation = strokes, pulmonary embolism
Di il Aack d L ivati




Aminoacidopathies: Treatment

» Diet
— Restricting diet of offending amino acid
— Medical foods provided that contain all amino acids except the one that
cannot be metabolized.
* Medications
- PKU

« Kuvan® therapy — tetrahydrobiopterin is a cofactor that aids
phenylalanine hydroxylase

— Tyrosinemia

« Nitisinone “NTCB" alternative TYR pathway
— Homocystinuria

« Betaine — alternative HCY pathway

« Liver Transplant
— TYR - option prior to NTCB
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Urea Cycle Disorders

* Presentation
— Any age
— Common in infancy
— Initially healthy baby first few days of life

— Progressing to symptoms of poor feeding, vomiting, lethargy, irritability,
and hyperventilation

— Quickly can progress to apnea, coma and death
— Labs look normal!
— Very high ammonia levels!!!

« Urea Cycle Disorders
— Arginosuccinic Aciduria (ASA Lyase Deficiency)
— Citrullinemia (ASA Synthetase Deficiency)
— Argininemia
— Ornithine Transcarbamylase Deficiency (OTC) is NOT  screened for
ExXNBS although the most common urea cycle disorder.

Urea Cycle disorders:
Treatment

* Acute

— Restrict protein intake (no more than 48 hrs)

— Ammonia scavenging drugs

— Dialysis (tertiary care)

Long Term

— Protein restricted diet with supplemental amino acids

Prevention of catabolism
— No fasting

— Glucose during sickness

— Ammonia scavenger drugs

— Liver transplant

Organic Acidemias

« Enzyme deficiency in intermediary metabolism
of amino acids results in characteristic
accumulations of metabolites in urine

Presentation

— Any age

— Severe neonatal onset form
« Initially health progressing to poor feeding, vomiting, and lethargy
« Acidosis and ketonuria
« Hyperammonemia
» Bone marrow suppression

— Chronic intermittent late-onset form (>1 year)
« Presentduring iliness or fasting

— Chronic progressive form
= _Sometimes asymptomatic.

Organic Acid Disorders

Isovaleric Acidemia (IVA)

* Methylmalonic Acidemias (MMA)
Proprionic Acidemia (PA)

Glutaric Acidemia — type 1 (GA 1)
3-Hydroxy-3-Methylglutaryl-CoA Lyase
Deficiency (HMG)

» 3-Methylcrotonyl-CoA Carboxylase
Deficiency (3MCC)

» 3-Methylglutaconyl-CoA Hydratase Deficiency
(MGA_

o Multinle-CoA _Carboxvlase Deficiency

Organic Acidemias: Treatment

* Initially
— Stop protein intake
— Ammonia scavenging drugs
— Dialysis (tertiary care)
e Long-term
— Protein restriction plus amino acids supplements

(formula) that do not contain the amino acid that
cannot be metabolized

— Possible vitamin supplementation
* B12 in methylmalonic acidemia
« Biotin in multiple carboxylase deficiency
« Supplementation with L-carnitine

* Prevention of catabolism
— No fasting
—_Glucose during illness




Fatty Acid Oxidation Disorders

« Medium chain Acyl-CoA Dehydrogenase
Deficiency (MCAD)

* Very Long chain Acyl-CoA Dehydrogenase
Deficiency (VLCAD)

« Long-chain-3-hydroxyacyl-CoA dehydrogenase
deficiency (LCHAD/Trifunctional Protein
Deficiency

» Short Chain Acyl-CoA Dehydrogenase
Deficiency (SCAD)

 Carnitine/Acylcarnitine Translocase
Deficiency (CACT)

« Multiple Acyl-CoA Dehydrogenase Deficiency
(Glutaric Acidemia type I1)
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o Carntine Polmitovl Transferase Deficiencv —

Fatty Acid Oxidation Disorders

* Severe types
— Symptoms during first
few days of life
— Nonketotic
hypoglycemia = poor
feeding, lethargy, etc.
— Cardiomyopathy and
arrhythmia
— In rare cases, multiple
congenital anomalies
* Treatment:
— Restriction of long-
chain triglycerides
— supplementation of

« Milder types

— Symptoms only
when triggered by
illness, fasting, and
extreme exercise

— Nonketotic
hypoglycemia =
poor feeding and
lethargy during
illness or fasting

¢ Treatment:

— prevention of
fasting/glucose
during illness

That Quintuple W
What-When-Where-Who-Why

The Newborn Screening Follow-up Program becomes
involved

When the 2" screen has an out of range value; when the
1st screen is an obvious positive; or when a PCP contacts

one of our geneticists or Follow-up staff.

Department of Medical Genetics, Shodair Children’s
Hospital, Helena.

RN Clinical Follow-up Coordinator; Metabolic Genetic
counselor; Registered Dietician; Medical Geneticists;
Metabolic Geneticist.

To assist in gaining a confirmatory diagnosis or confirm

that the diagnostic test is negative and therefore normal.

And to ensure that the newborn is receiving appropriate
initial care for a confirmed diagnosis. The Follow-up
Program is a resource for the PCP’s of Montana.

« The second facet of the NBSFP is
assurance of a medical home for
each patient with a diagnosis as a result
of the NBS Program.

» The third facet of the NBSFP is working
with colleagues to determine that the
NBS system is accomplishing the
intended goal of improving health
outcome for Montana children.

Just the facts madangs

4.1 million newborns screened annually in
the US for congenital disorders.

4000 of these infants are diagnosed as
having a significant condition.

Estimated that 100 infants have conditions

that go undetected.
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» 2008

« Native American/Alaska Native 6.4%
*  White 90.5%

« Black 0.7%

« Asian 0.6%

« Native Hawaiian /Other Pacific
Islander 0.1%

* Two or More Races 1.7%

« Hispanic or Latino Origin 3.0%

PCP will Be hearing From
NBSFP

* When a second screen is positive or first
screen has a critical value or the PCP
contacts the NBSFP.

» Contact will be by phone, by fax, by snail
mail.

» Contact person will be the RN Care
Coordinator and/or the Metabolic Genetic
Counselor.

[ Birth of Infant

l

Blood Spot test done at 24-48 hours

i

|
| L
‘ ' Out of Range Result
|

‘ , PCP informed & énd Screen Requested.

/
Negative;f“Within Range”
no further
involvement

[- Positive for
“Out of Range”
Result j

Result

PCP & NBSFP Informed NBSFP Contacts PCP.

Recommendations

eInterim Treatment;
Diagnostic Tests;
Emergency Treatment

Treatment
Diagnosi __Recommended

Positive
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Treatment recommended.

|

v
i Specialty clinic
Consult with ConsGuIct: with p ify
Specialist & Nutritionist Warranted
Medications Diet
Further Testing Educat‘ion Support Contact

Emergency letter

Long term Follow-up

_r e
| tegempolovip 7

CASE STUDY CH.
« DOB to 1t draw-2 days (48 hours)
» DOB to result & referal-5 days T4= 3.1
(range 6.1-50) TSH=>910.5* (range 0-20)
« DOB to diagnosis- 5 days: Free T4 0.2;
TSH>100

» DOB to Treatment- 6 days: Synthroid
started

Result to Referral- same day
Referral to diagnosis-same day:
Referred to Specialist. 1day
Diagnosis to Treament-1 day.

Responsibility
« Diagnostic confirmation form sent to PCP.
Has not seen pt. Believes referral
specialist is continuing care of pt.
Diagnostic Confirmation sent to specialist.
Has not seen pt. after initial consult.
Believes PCP is caring for Pt.
« Who is the other player? Mother.

* One year later: yearly check up form sent
to PCP.

* “No longer seen in this office. Where
abouts unknown ”

PERINATAL and NBSFP

* My need following information:

. Status of infant

. TPN/ Medications
. Current weight

. Pediatrician?

» Notify receiving laboratory of anticipated samples
— Most often is Mayo Biochemical Laboratories
— Help track testing process —

— Provide recommendations for management/surveillance in the
interim while awaiting diagnostic tests

— Avoid fasting
— Initiate diet

* May request family contact information.

* May request other information to assist NBSFP to find
the best resources for this child.

Follow-up non metabolic

Congenital Hypothyroidism: Free T4/TSH

NICU Protocol: rescreen preemies about every 2
weeks to document a improvement (increasing free T4
and/or decreasing TSH)...with the free T4 level being the
most determinant of whether to treat.

« Cystic Fibrosis: second screen in two weeks unless first
is above

Hemoglobinopathies: no second screen for traits.
Information and offer of genetic consult sent to family.
. Sickle Cell: under care of Pediatric
Hematologist.

Follow-Up Process:

Metabolic Disorders
« Check on clinical status
+ Provide recommendations for confirmatory
testing
— Common diagnostic tests:
« Acylcarnitine profile (ACP)
« Urine Organic Acids (UOA)
« Urine Acylgycine
« Totallfree carnitine

— Specific tests depending on the condition in

guestion:
« succinylacetone (TYR) —
« serum glutaric (GA1) a
« methymalonic/homocysteine (MMA) |9J
—A 29 NBS? ~a”

« Use caution
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Examples

Date:6/11/2009 Regarding:Janie Smith To:  Joan Firend, MD DOB: 7-4-09

RE: Confirmatory testing for positive newborn scree  ning result on Medium-chain
Acyl-CoA Dehydrogenase Deficiency (MCAD)

Dear Dr. Friend,

The Newborn Screening Follow-Up Program at Shodair Hospital was contacted by the
Montana State Laboratory regarding a positive newborn screening result on your patient.
Further testing is necessary to confirm or exclude the reported condition. Sample
collection and shipping instructions for each test are included.

The following tests through Mayo Laboratories arer  ecommended:

Acylcarnitine Profile (Test Unit Code # 82413)

Urine Organic Acids (Test Unit Code # 80619)

Total/Free Carnitine (Test Unit Code # 8802)

Urine Acylglycine (Test Unit Code # 81249)

The biochemical lab at Mayo has been notified of the initial newborn screen levels and is
anticipating samples for the tests listed above.

MCAD deficiency is usually asymptomatic in the newborn although it can present acutely
in the neonate with hypoglycemia, metabolic acidosis, hyperammonemia, and
hepatomegaly. MCAD deficiency is associated with high mortality unless treated promptly;
milder variants exist. Hallmark features include vomiting, lethargy, and hypoketotic
hypoglycemia. It is a significant cause of sudden death.

In the interim, it is important to avoid fasting (>4 hours) and be vigilant of any signs of
jllne

EMERGENCY LETTER

Date:9/17/09 Regarding: Susie Jones DOB:0-00-00

Susie has an inborn error of metabolism: isovaleric acidemia (IVA). Susie is at great
risk of metabolic decompensation. Delay of emergency treatment could result in
coma or even death.

Metabolic medications as of 9/17/09 are carnitine, glycine; and dietary therapy.

IF Susie PRESENTS TO YOUR EMERGENCY ROOM WITH SIGNIFICANT
ILLNESS WITH ALTERED MENTAL STATUS AND/OR VOMITING, THISIS A
MEDICAL EMERGENCY. Please initiate the protocol bel ow and contact us
immediately.

Acute Treatment:

Room @FNAME@ immediately and start an IV.

D10 at 1 1/2 times maintenance with *** saline and other appropriate salts. If
dehydrated do not wait to complete a bolus to start D10; add saline bolus parallel to
D10 infusion. If blood glucose is too high, consider low dose insulin and discuss with
metabolic physician on call.

If no enteral intake estimated > 12 hours or if this is anticipated to occur, start IV
lipids @ 2 gms/kg/day (peripheral line adequate).

Carnitine IV beginning at 100 mg/kg/day.

Additional medications may be indicated; discuss with IMD physician on call.
Evaluate and aggressively treat precipitating event.

If the patient does not respond to above intervention, more intensive management
may be required; transfer to tertiary care may be indicated.

Immediate Laboratory Studies to Order:

Baseline blood glucose, electrolytes, amylase, lipase, and ammonia. (STAT).
Additional studies as clinically indicated.

This letter is not exhaustive and is not a substitu
physician on call:

For Physicians - OneCall - 720-777-3999

te for contact with IMD

Now what

Diagnosis is made

Baby has medical home and is receiving
treatment

Baby is seen in appropriate specialty clinic

Family has needed support

Long term Follow-up

Minimum of yearly check for continuation of medical home and treatment.

Children with metabolic conditions and cystic fibrosis are well followed in
their specialty clinic and by several specialists.

Children with sickle cell disease are under the care of a pediatric
hematologist and are referred to a sickle cell center at about the age of 2.

Children with an endocrine disorder are followed by their PCP and by
pediatric endocrinologist when appropriate.

Most children with a metabolic disorder are followed by a dietician as well
as the Metabolic genetic Counselor, Metabolic geneticist and Follow-up
Coordinator.

Education
Family support program
Montana Metabolic Day

Tell Us

« ldeas on improving Follow-up System

* How do you see interaction between PHN
and NBSFP?

* What do you need from us?

« Do you want more information on the
disorders?




HOTLINE: 400-202-2954 Medical
Geneticists: Dr. John Johnson/ Dr.
Jim Reynolds

NBSFP: 406-444-1099 Anne Seliskar
Metabolic Genetic Counselor: 406-
444-7520 Tessa Pitman

e Lab. questions : 406-444-3040
Denise Higgins

 Children Special Health Services:
406-444-3617 Denise Burnett
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Expanded Newborn Screening:
Who to Call When You Have Questions

State Public Health Laboratories

Initial positive screen that requests
arepeat newborn screen
Blood spot cards

— Proper Technique

— Collection times

— Unsatisfactory sample

Ordering

Obtain Initial Newborn Screening Report

The NBS screening process

Montana State NBS Laws

(or)
Montana Code Annotated (MCA)
Administrative Rules of Montana (ARM)

NBS Follow-Up Program at Shodair Hospital

Positive Second Screen
Critical Value on Initial Screen (will be noted
in the interpretation on the newborn screen
i.e. “consult metabolic specialist’)
Clinical symptoms in a child with a normal
newborn screen
Diagnosis in question and level of suspicion
Recommendations for diagnostic testing
Interim medical management
Medical management upon confirmed
diagnosis

— Treatment, emergency treatment
Referral to Specialists

— Metabolic,

— Endocrine,

— Pulmonology

— Hematology
Recommend referral to specialty clinic.
(Specialty clinics?)
Appointments for Metabolic Clinic.

Information on any Disorders

Glutaric Acidemia Type 1:
Treatment

— Lysine/tryptophan restricted
diet

Diet

dical food with all Supplements
* Medical food with al . i
amino acids except what L Cen\rnmne” i
cannot be metabolized + “sponge” like effect
Becomes challenging for « Carnitine deficiency is not

arents when child uncommon

egins to eat solid foods « Initially in medical foods, but
Dietary changes are eventually a supplement
based on weight, length, Emergency Letter

weekly amino acid and . X .
glutaric levels, and 3 day — Vigorous intervention of

diet record. intercurrent iliness/glucose
+ Dietician is an invaluable  duringiliness ‘
resource for families and Nutritional Supplementation
providers!!! during lliness
- ?Ié/::lkly blood draws are Polycose
« Amino acid/glutaric — Important to avoid fasting

levels (particular in times of illness)
« Important during times of

rapid growth and

introduction to solid

ey
1965- He was instrumental in SB 128, the PKU testing bill which passed
but often was not done.

1971- Began testing for congenital hypothyroidism.

1972- Began testing for Inborn Errors of Metabolism which included 15
Amino Acid disorders.

1976- At the request of several colleges, he started the Medical
Genetics Department at Shodair Children's Hospital.

While at Shodair, he and Dr. Optiz, began the American Journal of
Medical Genetics. They continued to conduct seminars and discover
and describe genetic conditions.

2007- He again brought his considerable influence to the legislature as
they debated the now implemented Expanded Screening Program.

Glutaric Acidemia Type 1:
Prognosis

Highly variable condition

— Interfamilial variability

Early diagnosis can ensure treatment is started
early to help prevent neurological sequelae

— Treatment helps the majority of kids
« 10-30% of patient may not completely benefit from treatment

— Neurological damage is irreversible and treatment is

ineffective

After encephalopathic crisis

— 75% do not recover
* 40% died early

— 5% did recover completely
ol difficonlt tao nravidal

At es rouidan




« Incidence of 1 in 10,000
— 1in 40 people are
carriers
Autosomal Recessive
< ACADM gene
— chromosome 1
— Two common
mutations

« Account for little over
50% of cases

+ Remainder compound
heterozygous (2 different
mutations)

* Recurrence Risk

— 25% risk for each
pregnancy = both
parents carriers

 2/3'%risk for each
sibling to be a carrier

— 50% = one affected
parent

« Can be the case since
variable presentation
affects age of

MCADD: Genetics
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GAl: Genetics

Autosomal recessive condition
Incidence

—1in 40-50,000

— Amish

Gene = GSDH

— Located on chromosome 19p13.2
—No common mutations
Recurrence Risk

— 25% risk for each pregnancy

— Prenatal testing available when mutations in
proband have been identified
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