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Where do we come from? 
Metabolic Genetics Clinic

TEXAS CHILDREN’S HOSPITAL 
MAIN CAMPUS 



Outline 

• General concepts of genetic metabolic conditions 
• Review PKU and MCAD 
• Specific situations you may encounter in your practice
• Practical tips for the future
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What is PKU and MCAD?  

MCAD
Medium Acyl CoA 

dehydrogenase 
deficiency  

PKU
Phenylketonuria



“All the chemical reactions involved in 
being a living organism”

Scientific American 



Why is 
metabolism 
important? 

• Growth
• Development
• Cognition and brain energy 





Metabolism is regulated by metabolic pathways…

”Roads!
Where we're going, we don't need roads...”  

Dr. Emmett Brown



Inherited metabolic diseases: visual aids. University of Colorado, consulted online: December 2013



Our body moves the metabolic traffic through enzymes

Adapted from University of Colorado Metabolic Visual Aids 

Other 
biological 
functions

Energy 
production

Think of an enzyme as a police traffic controller



Genetic disorders of metabolism

Adapted from Metabolic Visual Aids, University of Colorado

Other 
biological 
functions

Energy 
production



Phenylketonuria (PKU)



What is Phenylketonuria (PKU)

• A rare metabolic condition 
• 1 in 12,000 live newborns 

• Difficulty breaking down 
phenylalanine (PHE)

• Long term build up of PHE in the 
body can cause brain damage

Modified from https://www.met-ed.net



What is Phenylalanine (PHE)?

• PHE is an amino acid
• Amino acids are the building blocks of 

protein. 
• Protein is made up of 20 different amino 

acids that are linked together. 

• The body needs PHE but it cannot make 
itself. 

• PHE in our bodies comes entirely from food 
(essential amino acid)



What happens to PHE in the body

When we eat food containing 
protein, it is broken down into 

amino acids including PHE.

PHE is further processed  
(or metabolized) in the 

liver.

In the liver, PHE is 
usually changed to 
another amino acid 

called tyrosine. 



Why is PHE important for the human body?

Phenylalanine
PHE is used to 

make protein for 
all the organs

Tyrosine
Make new 
proteins or 

converts it into 
other molecules 
like epinephrine.

Epinephrine and 
norepinephrine
These molecules 
are vital to your 
body’s fight or 
flight response.

Dopamine
Brain’s reward 

center and 
involved in motor 
control, memory, 

and learning

Melanin 
skin pigmentation 



What happens if PHE cannot get converted to Tyrosine? 

• The process of changing PHE into tyrosine requires help from an enzyme calling phenylalanyl hydroxylase 
(PAH). 

• When PAH does not work properly, there is too much PHE and too little tyrosine. This causes the problem in 
untreated PKU.



PKU Clinical Presentation 

Untreated vs. treated patients

 A musty odor in the breath, skin or urine, caused by 
too much phenylalanine in the body.

 Neurological problems that may include seizures.

 Skin rashes (eczema).

 Fair skin and blue eyes, because phenylalanine can't 
transform into melanin — the pigment responsible for 
hair and skin tone.

 Abnormally small head (microcephaly).

 Hyperactivity. Intellectual disability. Delayed 
development. Behavioral, emotional and social 
problems. Psychiatric disorders.



Testing for PKU 

• Newborn screening : High PHE, Low Tyrosine 
• Confirmation by specialized biochemical testing: (plasma amino acid profile)

• Genetic testing for the gene responsible for PKU 



PKU - First line of treatment

• Low PHE diet
• Low/none PHE formula + synthetic form of protein
• Some grains, vegetables and fruits are allowed

• All high protein food is not recommended 

• Each patient will need to customize the amount 
of PHE dietary intake

• Goal for treatment if PHE at 2-6mg/dL
• Frequent monitoring with finger stick samples



PKU dietary management difficulties
The metabolic dietitian experience

Dietary treatment is 
more controlled with 
metabolic formula. 

Transition to solid food 
requires extensive 

education and close 
follow-up with parents. 

Communication with the 
school cafeteria, 
teachers and nurse is 
essential
• Psychosocial component:  

“feeling different” due to 
metabolic formula. 

Ownership and 
independence on food 

choices is limited due to 
long term complications  

0-6 months 

6-12 months

School age

Adults



Maternal PKU 
• A pregnant woman with PKU needs more STRICT DIET and monitoring
• Babies born of mothers with uncontrolled PKU are at risk of 

congenital malformations: 
• Heart defects 
• Microcephaly 
• Developmental delays 



What is the prognosis of a child diagnosed with PKU?  
• If treatment is started early and blood PHE is kept in the treatment range a child is expected to grow and develop normally. 
• A patient with PKU needs to work closely a metabolic dietitian to ensure the diet meets the child’s needs

Severe Intellectual Disability 
Psychiatry Disorders 

Seizures 
Autism spectrum Disorder

Newborn Screening
Difficulty finishing tasks

Attention deficits. 
Decrease ability planning. 

Patients with PKU have emotional and 
psychosocial issues.

Source: https://www.pku.com/adults

https://www.pku.com/adults


PKU Next Generation Treatments

Enzyme substitution therapy Chaperone/cofactor

Gene Therapy 
Currently in clinical trials



How is PKU 
inherited? 



MCAD 
Medium  Chain  Acyl-CoA  Dehydrogenase Deficiency 



What is MCAD? 

• Fatty acid oxidation defect: 
• The  body  is  unable  to break  down  

certain  fats. 
• Fat is important to produce energy 

during times of prolonged fasting or 
illness

• In patients with MCAD, excess of 
unused fatty  acids  build up in the  
body. 



MCAD clinical presentations
MCAD  can  cause  bouts  of  illness  called  
metabolic crises. 

• Children with MCAD  often show  symptoms 
for the  first time  between  3  months  and 2 
years  of  age.   

• Sleeping longer  or  more  often. 
• Behavior  changes  (such as  crying for  no reason) 
• Irritable  mood 
• Poor appetite.  

• Untreated metabolic crisis: 
• Breathing problems 
• Low blood sugars 
• Seizures 
• Intellectual disability 
• Coma, sometimes  leading to death 

Digestion/Fasting
Different fuels take different times to be digested by the body

Adapted from University of Colorado Metabolic Visual Aids 



MCAD 
Emergency 
management 
• Emergency letters
• Emergency protocols 

• Provide energy sources (no fat)
• Dextrose containing IV fluids 



MCAD – Long Term Treatment

• No specific dietary restrictions

• Fasting avoidance
• Infancy: Feeds every 4-6 hours 
• 1 year and older:  No more than 10-12 hours. 
• A starchy  snack  (such  as bread,  cereal,  and 

rice)  before  bed and another  during the  night. 

• Precautions during surgery to provide dextrose 
containing IVFs and support



Testing for MCAD 

• Newborn screening : High medium chain fat derivatives 
• Confirmation by specialized biochemical testing (acylcarnitine profile)
• Genetic testing for the gene responsible for MCAD 



How is MCAD 
inherited? 



Practical tips and care for children 
with the metabolic disorders…



What to do when SUSPECTING a metabolic disorder?  

1. check the newborn screening test
• Texas:   First screening at 24 hrs.  Second screening at 2 weeks.  

https://www.dshs.state.tx.us/newborn/



Not just PKU and MCAD!



What to do when SUSPECTING a metabolic 
disorder?  

First check the newborn screening testCheck

Refer to genetic metabolic clinic at Texas Children’s Hospital Refer

In case of an emergency call the TCH operator and ask to page 
the genetics doctor on call!  Call



What should I 
think of when 

WORKING with 
a metabolic 

patient?  

What’s this patient diet?

Is there any specific restrictions

Can this patient fast safely?  

Is there an emergency letter from the primary 
metabolic doctor? 

What’s my patient cognitive state based on 
their metabolic condition? 



For more information: 

• National PKU Alliance: 
www.npkua.org

• American College of Medical Genetics 
ACT SHEETS for newborn screening. 

• Center for Disease Control and 
Prevention (CDC) / PKU or MCAD

• Texas Children’s Metabolic Clinic
• https://www.texaschildrens.org/depa

rtments/metabolic-genetics-clinic

http://www.npkua.org/
https://www.texaschildrens.org/departments/metabolic-genetics-clinic


Questions?
soler@bcm.edu


	Practical tips and care for children with the metabolic disorders: �- PKU and MCAD Deficiency -
	Disclosure slide
	Where do we come from? �Metabolic Genetics Clinic
	Outline 
	Slide Number 5
	What is PKU and MCAD?  
	Slide Number 7
	Why is metabolism important? 
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Our body moves the metabolic traffic through enzymes
	Genetic disorders of metabolism
	Phenylketonuria (PKU)
	What is Phenylketonuria (PKU)
	What is Phenylalanine (PHE)?
	What happens to PHE in the body
	Why is PHE important for the human body?
	What happens if PHE cannot get converted to Tyrosine? 
	PKU Clinical Presentation 
	Testing for PKU 
	PKU - First line of treatment
	PKU dietary management difficulties�The metabolic dietitian experience
	Maternal PKU 
	What is the prognosis of a child diagnosed with PKU?  
	PKU Next Generation Treatments
	How is PKU inherited? 
	MCAD 
	What is MCAD? 
	MCAD clinical presentations�
	MCAD Emergency management 
	MCAD – Long Term Treatment
	Testing for MCAD 
	How is MCAD inherited? 
	Practical tips and care for children with the metabolic disorders…
	What to do when SUSPECTING a metabolic disorder?  
	Slide Number 37
	What to do when SUSPECTING a metabolic disorder?  
	What should I think of when WORKING with a metabolic patient?  
	For more information: 
	Questions?

