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A little about me

Training in Pediatric Cardiology and Clinical Genetics

Pediatric Heart Failure and Heart Transplant

Å Clinical interest in genetic and syndromic causes of heart disease in 
children 

Å Research in mechanisms of heart failure

Å Secondary defects in energy metabolism in heart failure (pediatric)

Å Mechanisms of heart failure in cardiomyopathy in FAOD and other 
metabolic cardiomyopathies

Perspective based on



Overview: where are with treatment of cardiomyopathy 
(CM) in FAOD? 

ÅCases- examples to illustrate following topics

ÅBasic overview of Cardiomyopathy and how and the FAOD phenotype

ÅMechanisms

ÅNatural history of Cardiomyopathy in FAOD

ÅTreatment of heart failure in FAOD- conventional approaches

ÅFAOD-specific treatments ς Triheptanoin (Doljovi)

ÅCardiologist perspective on heart failure in FAOD

ÅFuture directions and new treatments



Case #1: Infant diagnosed with VLCADD by NBS

ÅSecond child in the family, older brother who is healthy

ÅConcern for hypoglycemic seizure in newborn nursery, discharged home no 
other concerns

ÅReadmitted to NICU for jaundice- NBS on DOL#4 concerning for VLCADD

ÅStarted on Enfaport with MCT

ÅParents are distantly related

Åέ{ŜǾŜǊŜέ ƳǳǘŀǘƛƻƴΣ ǘǊǳƴŎŀǘƛƴƎ c.799_802delGTTA, p.Val267Glnfs*8 

ÅBased on genetic testing, concern for early-onset cardiomyopathy type VLCADD

ÅECHO screening frequently in first year of life

ÅNo significant illness, few short hospitalizations



Case #2: Infant male diagnosed with LCHADD

ÅFirst child of this couple

ÅNBS screen most consistent with LCHADD, admitted to NICU at 7 days based on 
screen 

ÅHADHA variants:

ïknown LCHADD mutation c.1538G>C, p.E510Q 

ïone variant of unknown significance in HADHA (p.G328R)

ÅBreast feeding and supplemented with Enfaport +MCT 

ÅECHO showed a small PDA, otherwise normal biventricular size and function



Review of Basics:

Cardiomyopathy in FAOD



Cardiomyopathies- disease of the muscle

Disorder of diastolic function 
(relaxation/filling) 

Disorder of systolic function 
(squeeze/pumping)

Normal Cardiac Anatomy



FAOD CM Phenotype: 

Can look like hypertrophic, dilated CM or both 
and can reverse remodel

Normal Normal 

Hypertrophic CM- HCM Dilated CM- DCM 



Making the diagnosis of CM: what normal looks like

ÅCXR, ECG (easy to do, inexpensive, but not best)

ÅECHO (definitive)



Making the diagnosis of CM: what normal looks like

ÅCXR, ECG (easy to do, inexpensive, but not best)

ÅECHO (definitive)



Case example:

ÅWhat a normal heart looks like:



What Abnormal looks like: making the diagnosis of CM

ÅOther testing:

ÅNT proBNP or BNP, other labs- end organ function

ÅCardiac- role in FAOD is area of research

ïConsiderations: cost, time, sedation, safety



Children with Cardiomyopathy and Heart Failure

Å/ŀǊŘƛƻƳȅƻǇŀǘƘȅ ґ IŜŀǊǘ CŀƛƭǳǊŜ

ÅHeart Failure= measure of symptoms

ÅSometimes signs/symptoms are subtle

ÅSlow changes are hard to recognize

ÅCan have moderate or severe dysfunction with no 
appreciated symptoms

ÅYƛŘǎ ŎƻƳǇŜƴǎŀǘŜΣ ǳƴǘƛƭ ǘƘŜƴ ŘƻƴΩǘΧ

ÅSurveillance is intended to catch early signs/ changes



Cardiomyopathy phenotype in FAOD

ÅThe CM phenotype in FAODs is similar across FAOD types/ genotypes

ÅLumping FAODs together

ÅCM can be mixed type in the same patient or can change over time

ÅVariability between types of FAOD, and among patients with a specific FAOD 

ÅGenotype not predictive (usually)

Gaps in knowledge

ÅPredicting who will develop Cardiomyopathy and when

ÅIncidence of late-onset CM - unknown



FAO defect # patients ECG abnl Arrhythmia 
type

First 
symptom

CM (+/-) Outcome

CPT-II 4 2/4 VT, VF 4/4 1/4 1 alive 
4d- 17mo

CACT 6 5/6 SVT, VT/VF 6/6 0/6 1 alive
3d- 2mo

TFP 3 2/3 SVT, VT 3/3 3/3 11d-1mo

VLCAD 5 1/5 VT/VF 2/5 4/5 1 alive
3- 9mo

LCHAD 2 1/2 SVT, VT, VF 1/2 2/2 10mo- 18y

MADD 3 0/3 SVT, VT 2/3 0/3 7mo- 4y

- Small groups of patients from 20+ years ago

- ~25% of patients in cohort had arrhythmia a presenting feature

- Some differences may exist between FAOD, association of CM

- Early presentation of arrhythmia may have implication on prognosis

Bonnet et al, Arrhythmias and Conduction Defects as Presenting Symptoms of Fatty Acid Oxidation Disorders in Children, Circ 1999.

Arrythmia phenotype in FAOD:
Often accompanies CM 



Case #1: Young child with VLCADD:
Early Signs of Cardiomyopathy

ÅFew hospitalizations in toddler years, no significant rhabdo or hypoglycemia

ÅClues on echo suggest early cardiomyopathy



Case #1: Child with VLCADD: 3 years-old
Some worsening of heart function after winter URIs

ÅSudden change observed by echo

ÅGuideline ςdirected medical therapy (GDMT) started (carvedilol)

ÅContinued work with metabolic RD to maximize daily calorie 
goals



Case #2: Male diagnosed with LCHADD
Å5 hospitalizations- precautionary in first 10 years of life

ÅVery active and interested in sports: baseball, basketball and football

ÅHas some muscle symptom with mire intense exercise

ÅNo evidence of cardiomyopathy, normal ECG



Mechanism of heart disease:

mitochondria and metabolism



Why the heart is affected by FAOD 

ÅFuel (ATP) source needed constantly

ÅHeart uses fatty acids as a preferred fuel

Å95% of ATP generated in mitochondria

ÅHeart needs fuel for 2 major functions: 

ïMuscle contraction (fueling the pump)

ïConduction system (the electrical)

ÅTherapy should treat cardiac muscle and 
conduction problems

Kolwicz Jr et al, Cardiac Metabolism and its Interactions With Contraction, Growth, and 

Survival of Cardiomyocytes, Circ Res 2013



Brown, D et al, Mitochondrial function as a therapeutic target in Heart Failure, 

Nat Rev Cardiol 2016 

FAODs: Mechanism of Cardiac Disease

 ά9ƴŜǊƎŜǘƛŎ ŦŀƛƭǳǊŜέ ŀƴŘ 
 toxic accumulation of fa-CoA



Fatty Acid Oxidation Disorder: 
Mechanism of Cardiac Disease

Other possible mechanisms:

ÅSecondary respiratory chain 
dysfunction

ÅDecreased respiratory capacity

Å[ƻǎǎ ƻŦ ƳŜǘŀōƻƭƛŎ άŦƭŜȄƛōƛƭƛǘȅέ

ÅIncreased reactive oxygen species

ÅAltered mitochondrial phospholipid- 
Cardiolipin 

Turner N et al, Fatty acid metabolism, energy expenditure and insulin resistance in 

muscle, Journal of Endocrinology  Vol 220:T61, 2014



Some evidence of these concepts in 
mouse models

Several mechanisms of cardiac 
pathology

 Lacking data specific to heart and in 
humans



Case #1: Child with VLCADD: 3 years-old
Resolution with GDMT

ÅSudden change observed by echo

ÅGuideline ςdirected medical therapy (GDMT) started (carvedilol)

ÅContinued work with metabolic RD to maximize daily calorie goals



/ŀǎŜ ІнΥ !ŘƻƭŜǎŎŜƴǘ aŀƭŜ ǿƛǘƘ άƳƛƭŘέ [/I!55

ÅContinues to participate in sports, more bothersome muscle pain and elevations in 
CK with exercise.



Current landscape:

Treatment and outcome of 

cardiomyopathy in FAOD



Influence of conventional therapies? 
Mechanism of Beta blocker

https:// pt.slideshare.net/DrVivekBaliga1/beta-blockers-in-stemi/5



Cardiologist perspective on CM in FAOD

ÅNot all children respond to Doljovi

ÅIn some cases severe disease may not be reversible

ÅIn some cases delivery of compound may be a factor

ÅConventional heart failure therapies are still 
employed/required for recover

ÅHeart transplant- when and when not?

ÅVAD- bridge to recovery vs. transplant





FDA approval of Doljovi

June 30, 2020

Å Biochemical Geneticists /Genetics providers

Å Dieticians

Å Cardiology- slow acceptance of therapy

Therapy utilization



Gillingham: Study population

Diagnosis Triheptanoin C7 MCT C8

CPT-2
(n=5)

Age 21ς64
(n=6)

Age 8-43

VLCAD
(n=4)

Age 7ς38
(n=5)

Age 23-42; 22-31

LCHAD/TFP
(n=7)

Age 7ς29
(n=5)

Age 8ς17

TOTAL: n=16 n=16

Participant Characteristics Triheptanoin C7 MCT C8

Age (years) 7-64 8-43

Males (n) 6 6

Females (n) 10 10

History of Cardiac Complications 4 0

Gillingham MB, et al. J Inherit Metab Dis. 2017;40(6):831-843.



Cardiac function in Study Population

Gillingham MB, et al. J Inherit Metab Dis. 2017;40(6):831-843.

Cardiac function

- LCHAD/TFP Patients

- Three/12 had significant heart manifestations at the time of presentation that we resolved w diagnosis and 

treatment

- 1 patient had a recent history of sudden cardiac arrest w/ resuscitation

- At the time of the study, all had normal cardiac function

- VLCAD Patients

- 1 patient presented in infancy w/ severe cardiac complications that resolved after diagnosis and treatment 

but cardiac function subsequently deteriorated and was abnormal at the time of the study

- CPT2 Patients 

- None of the patients had a history of cardiac disease



LV Ejection Fraction and LV End Systolic Volume

Change from baseline in LV ejection fraction and LV 

end systolic volume after 4 months of treatment

LV ejection fraction
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Å Patients treated with triheptanoin had 7.4% 

greater relative left ventricular (LV) 

ejection fraction  compared with patients 

treated with trioctanoin (P=0.046)

Å Patients treated with triheptanoin had a 7% 

decrease in LV end systolic volume 

compared while those treated with 

trioctanoin experienced an increase 

(P=0.114) measure of dilation

Gillingham MB, et al. J Inherit Metab Dis. 2017;40(6):831-843.



Gillingham: LV Wall Mass and Percent Ejection Fraction
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and percent ejection fraction

LV wall mass Ejection fraction percent

Gillingham MB, et al. J Inherit Metab Dis. 2017;40(6):831-843.

Å Patients treated with triheptanoin for 4 

months experienced a 20% decrease 

in LV wall mass  compared with 

patients treated with trioctanoin for 4 

months who experienced increased LV 

wall mass (P=0.041)

Å All but 1 patient had a normal ejection 

fraction percent at baseline and most 

observed changes occurred within the 

normal range for LV ejection fraction.



J. Vockley et al. Triheptanoin treatment in patients with pediatric cardiomyopathy associated with long chain-fatty acid oxidation disorders. Molecular Genetics and Metabolism 119 (2016) 223ς231.



Patient characteristics- all with CM

ÅCase reports from 10 patients (8 infants) with moderate or severe cardiomyopathy associated with LC-
FAOD

üVLCAD (n=4); CACT (n=2); TFP (2); n=LCHAD (n=2)

ÅModerately to severely impaired ejection fraction (EF) ranging from 12ς45% at baseline

ÅAll patients were managed with standard treatment, including medium chain triglyceride (MCT) oil

üWhile on this regimen, they presented with acute heart failure requiring hospitalization and cardiac 
support (ventilation, ECMO, vasopressors) and, in some cases, resuscitation

ÅThe patients discontinued MCT oil and began treatment with triheptanoin (UX007)
ïUX007 target dose was 25ς35% of total calories, as tolerated, which is equivalent to approximately  2-4 g/kg in infants 

and young children, decreasing to 1-2 g/kg for older children and adolescents, and 1 g/kg for adults. (Range in these 
cases  were 1-4 g/kg/day based on age and tolerability)

J. Vockley et al. Triheptanoin treatment in patients with pediatric cardiomyopathy associated with long chain-fatty acid oxidation disorders. Molecular Genetics and Metabolism 119 (2016) 223ς231.



Baseline Characteristics of LC-FAOD Patients

J. Vockley et al. Triheptanoin treatment in patients with pediatric cardiomyopathy associated with long chain-fatty acid oxidation disorders. Molecular Genetics and Metabolism 119 (2016) 223ς231.


