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Disorders of fatty acid transport and mitochondrial 
oxidation: Challenges and dilemmas of metabolic 
evaluation 
Piero Rinaldo, MD, PhD, and Dietrich Matern, MD 

Inborn errors of fatty acid transport and mitochondrial oxidation (FATMO) have drawn considerable attention in 

recent years for the rapid pace of discovery of new defects and an ever-increasing spectrum of clinical phenotypes. 

Several of these disorders are not detected by conventional biochemical investigations, even when a patient is 

symptomatic with fasting intolerance or functional failure of fatty acid dependent tissue(s). In our view, today's 

major challenges are the inclusion of FATMO disorders in newborn screening programs and the investigation of the 

role played by individual disorders in maternal complications of pregnancy, sudden and unexpected death in early 

life, and pediatric acute/ fulminant liver failure. Dilemmas are found in the debate over the limitations, if any, to be 

imposed on the expansion of newborn screening using tandem mass spectrometry, in the provision of prenatal 

diagnosis for otherwise treatable disorders, and in the diagnostic workup of "unclassified" cases. Genetics in 

Medicine, 2000:2(6):338-344. 
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Mitochondrial fatty acid oxidation plays a major role in en
ergy production and homeostasis. ' In response to fasting, 
long-chain fatty acids are mobilized from adipose tissue and 
taken up by active transport in liver and muscle cells. Enzymes 
responsible for the {3-oxidation of longer chain species are as
sociated with the inner mitochondrial membrane, while the 
enzymes responsible for the metabolism of medium- and 
short-chain species are located within the mitochondrial ma
trix. A distinction between defects of membrane-bound and 
matrix enzymes has become increasingly relevant to the classi
fication of inborn errors of this pathway because the number of 
defects in each group is almost equal, and the two groups tend 
to manifest with different patterns of clinical manifestations 
and particularly biochemical phenotypes.2 

The pathogenetic mechanisms underlying the clinical man
ifestations of FATMO disorders are similar to virtually all mi
tochondrial inborn errors of metabolism, originating from ei
ther one of two basic mechanisms: intoxication and energy 
deficiency. ' In FATMO disorders, both mechanisms are in
volved (Fig. 1 ), and consequent signs and symptoms include 
hypoketotic hypoglycemia, transient to fulminant liver dis-
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ease, skeletal myopathy, dilated/hypertrophic cardiomyopa
thy, and sudden and unexpected death in early life. 2- 4 

Today's most pressing challenges are found first and fore
most in the expansion of newborn screening programs to in
clude FATMO disorders. Second, the challenge is to under
stand the role specific disorders may play in the etiology of 
maternal complications of pregnancy, sudden and unexpected 
death in early life, and acute/fulminant liver failure in child
hood. Dilemmas, defined as difficult choices to be made be
tween equally valid but contrasting solutions, are posed by the 
application of the full diagnostic potential of tandem mass 
spectrometry to newborn screening, the provision of prenatal 
diagnosis for treatable disorders, and by defining the bound
aries of the diagnostic workup of "unclassified" cases. 

NEWBORN SCREENING OF FATMO DISORDERS: 
THE CHALLENGE 

State-mandated newborn screening was initiated in the early 
1960s for the identification of infants affected with phenylke
tonuria (PKU), but soon was expanded to include additional 
genetic and nongenetic conditions. The goal of newborn 
screening is the presymptomatic diagnosis of treatable disor
ders frequent enough to allow for a positive cost-benefit ratio. 
Tandem mass spectrometry (MS/MS) is a powerful multiana
lyte screening method which is ideally suited for population
wide testing. 5 Since the early 1990s, MS/MS has made possible 

screening for several FATMO disorders based on the pro
filing of acylcarnitines in blood spots (Table 1). Beyond the 
availability of a screening method amenable to population
wide testing, compelling reasons for the inclusion of FATMO 
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Fig.1 Metabolic effects of impaired fatty acid metabolism. A and B indicate a substrate 
and product, respectively, of a generic enzyme reaction; C indicates the product of an 
alternative pathway (for example, conjugation with carnitine and glycine). OXPHOS, 
oxidative phosphorylation. 

disorders in screening programs are a documented prevention 
of morbidity by early diagnosis, and simple and inexpensive 
treatment strategies. This situation, however, has sparked an 
intense debate over the allocation of sufficient resources to 
provide treatment, follow-up care, and genetic counseling to a 
far more diverse population of patients. 

To date, a consensus has been reached to screen without 
further delay at least for medium-chain acyl-CoA dehydroge
nase (MCAD) deficiency and glutaric acidemia type 1. 6 MCAD 
deficiency is the most common fatty acid oxidation disorder 
and possibly one of the most frequent metabolic diseases over
all; according to recent estimates, it occurs in approximately 
1:6,500-1:17,000 live births.l Although growth and develop
ment are not affected, the manifestations of acute episodes of 
decompensation include severe liver dysfunction, hypoglyce
mic coma, and sudden, unexpected death. The first acute epi
sode usually occurs early in life, but affected individuals may 
present at any age, including adulthood.8 Sudden and unex
pected death is the first manifestation of MCAD deficiency in 
18% ofpatients,9 an outcome which could be prevented, with 
almost no exceptions, by simple dietary treatment and basic 
preventive measures. 

NEWBORN SCREENING OF FATMO DISORDERS: 
THE DILEMMA 

The reliability of screening by MS/MS for the majority of 
FATMO disorders, particularly long-chain L-3-hydroxy acyl
CoA dehydrogenase (LCHAD) deficiency, has not been 
proven conclusively based on the prospective detection of a 
significant number of affected cases (Table 1 ). Obviously, any 
questions about the specificity and sensitivity of a screening 
method lead to concerns of encountering high rates of false
negative (missed diagnosis) and false-positive (unnecessary 
follow up) results, with a corollary of potential malpractice and 
liability issues. Despite some reassuring reports, 10 the finding 
of only one case with LCHAD deficiency among almost one 

2888 Viilo No. 6 

Fatty acid transport and mitochondrial oxidation 

Table 1 
Tandem mass spectrometry in newborn screening ofFATMO disorders 

Disorder 

Disorders of membrane-bound enzymes 

Carnitine transport defect 

Long-chain fatty acid transport defect 

CPT- I deficiency (liver) 

CACT deficiency 

CPT -II deficiency 

Neonatal onset 

Late onset 

VLCAD deficiency 

ETF-QO deficiency (GA2) 

Neonatal onset 

Late onset 

LCHAD deficiency 

TFP deficiency (a, f3) 

Disorders of mitochondrial matrix enzymes 

MCAD deficiency 

SCAD deficiency 

Functional SCAD detlciency 

ETF detlciency (a, f3, GA2) 

Neonatal onset 

Late onset 

Riboflavin responsive form(s) (GA2) 

SCHAD detlciency (muscle) 

SCHAD deficiency (tlbroblasts) 

SCHAD detlciency (liver) 

M/SCHAD detlciency 

MCKAT detlciency 

2,4-Dienoyl-CoA reductase deficiency 

HMG-CoA synthase detlciency 

HMG-CoA lyase detlciency 

Effectiveness Effectiveness 
of early of 

treatment" MS/MSb 

+++ 

+§ 

+ 

+ 

+ 

+ 

+ 

+ 

+§ 

+++ 

+ 

+ 

+++ 

+ 

+ 

+§ 

+§ 

+ 

+ 

+ 

+I-

(+) 

+ 

+ 

+ 

(+) 

+ 

(+) 

(+) 

(+) 

+ 

+ 

+ 

+ 

(+) 

(+) 

+I-

(+) 

(+) 

(+) 

+ 
Abbreviations are as follows, in alphabetical order: CACT, carnitine acylcar
nitine translocase; CPT, carnitine palmitoyltransferase; ETF, electron transfer 
flavoprotein; ETF-QO, electron transfer flavoprotein ubiquinone-oxi
doreductase; GA2, glutaric acidemia type II; HMG, 3-hydroxy 3-methylglu
taryl; LCHAD, long-chain L-3-hydroxy acyi-CoA dehydrogenase; MCAD, me
dium-chain acyl-CoA dehydrogenase; MCKA T, medium-chain 3-ketoacyl
CoA thiolase; M/SCHAD, medium/short chain L-3-hydroxy acyl-CoA 
dehydrogenase; SCAD, short-chain acyl-CoA dehydrogenase; SCHAD, short
chain L-3-hydrox)' acyl-CoA dehydrogenase; TFP, trifunctional protein; 
VLCAD, very long-chain acyl-CoA dehydrogenase. 
"Effectiveness of treatment: + + +, demonstrated; +, dietary and preventive 
measures; -, no effective treatment; §, liver transplantation; ? , insufficient 
information. 

ofMS/MS: +,demonstrated in blood spots; (+),expected to be 
effective, but not yet conclusively demonstrated; + /-, questionable effective
ness; -, not effective. 
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million newborns screened by the laboratory with the largest 
experience in this field (Dr. Edwin W. Naylor, Neo Gen 
Screening; personal communication) appears to be in contrast 
with the number of new cases diagnosed after the onset of 
symptoms11 or post As there have been no reports 
of cases actually missed, LCHAD deficiency could be a disorder 
far less common than previously estimated. 13 

The robustness of MS/MS as a global screening method for 
FATMO disorders other than MCAD deficiency will be even
tually proven only by an accelerated implementation and care
ful review of the outcome of prospective programs, a goal 
which could greatly benefit from active collaboration between 
multiple testing sites with proven analytical experience. These 
efforts should resolve another controversial issue, related to 
the effectiveness of MS/MS to detect disorders for which no 
effective treatment is available (for example, neonatal onset of 
glutaric acidemia type 2 and CPT-II deficiency). Although this 
is in contrast with conventional screening criteria, there is little 
doubt that an early diagnosis under these conditions is still 
beneficial, because it allows for proper genetic counseling, is 
provided at no added cost to the system, and could greatly 
contain the scope and cost of the diagnostic workup of an 
acutely ill newborn. 

Two factors that have further complicated the ongoing de
bate over expanded newborn screening are first the mounting 
awareness in the general public, stirred by strong and vocal 
parent support groups, and second the special attention given 
by the media to this issue. On the other hand, coping with a 
drastically different analytical platform and the degree of com
plexity of result interpretation have contributed to the slow 
implementation of MS/MS by state-based screening laborato
ries.14 Of ail possible outcomes of this volatile situation, the 
one that should most concern clinical and biochemical genet
icists is the procrastinated and "spotted" addition of FATMO 
disorders to screening programs, practically creating a two-tier 
system (screened vs. not screened), which will be harshly crit
icized as most unfair to patients and their families. 

ROLE OF FATMO DISORDERS AS CAUSE OF MATERNAL 
COMPLICATIONS OF PREGNANCY 

A unique aspect ofFATMO disorders is the associated risk of 
maternal complications during late pregnancy. Although this 
association has been best characterized for fetal LCHAD defi
ciency and acute fatty liver of pregnancy (AFLP), 15 Table 2 
shows that AFLP and other phenotypes have been reported in 
pregnant women carrying fetuses affected with at least five 
other FATMO disorders.16·17·17• Despite the possibly coinci
dental nature of isolated observations, 18 a detailed inquiry of 
the past obstetric history should be a required component of 
the clinical evaluation of new patients with any FATMO disor
der. Furthermore, routine monitoring of subsequent pregnan
cies in known families should include measures to achieve 
early detection of maternal complications. 

In most inborn errors of metabolism, heterozygote mothers 
carrying affected fetuses provide a protective and compensa
tory effect to the metabolic block of the fetus, resulting in the 
delivery of healthy babies that will manifest signs of intoxica
tion or energy deficiency only after a variable period of time. 
No unusual harm is caused to either the mother or the fetus 
when the mother is affected (Fig. 2); in some instances the 
interaction could even be beneficial. 19 Previously, the only no
table exception was found in the accumulation of phenylala
nine in a mother with phenylketonuria having a teratogenic 
effect on a heterozygous fetus. In LCHAD deficiency and 
apparently other disorders, a heterozygote woman, carrying an 
affected fetus, can suffer a life-threatening disease or other 
complications. The mechanism of the maternal hepatocellular 
damage is still unclear but is likely to include a fetal accumu
lation of abnormal fatty acid metabolites that, once passed into 
the maternal circulation, are capable of overwhelming the mi
tochondrial oxidation machinery of the heterozygote mother 
whose metabolism is already challenged by an increased utili
zation of fatty acids during the late stages of pregnancy.I5.16.21 

The clinical implications arising from the reality that a 
FATMO disorder may underlie severe maternal complications 

Table 2 
Disorders of fatty acid transport and mitochondrial oxidation causing maternal complications of pregnancy 

Disorders of fatty acid transport and mitochondrial oxidation 

Maternal complication LCHAD TFP CPT-I CACT MCAD SCAD Unknown" 

Acute fatty liver of pregnancy +++ + (+) (+) + 

HELLP syndrome +++ (+) (+) (+)'' + 

Pre-eclampsia ++ + (+) (+ ) 

Placental floor infarction ( +)' 

Symbol legend: +++,association reported in multiple cases; +'.association reported in more than one case; ( +) association reported in a single case, possibly a 
co incidental event;- , association not reported . HELLP, hemolysis, elevated hver enzymes, low platelets. For other abbreviations see legend of Table 1. This table is 
reproduced with permission, John Wiley & Sons, Ltd. Rinaldo et al." 
''Mothers of children with unspecified disorders but with clinical manifestations and strong biochemical evidence in vivo and in vitro of an underlying FA TMO 
disorder (Rinaldo Petal., unpublished observations). 
''Niels Gregersen, personal communication, cited with permission. 
'M atern D et al. Placental floor infarction complicating the pregnancy of a fetus with long-chain L-3-hydroxy acyl-CoA dehydrogenase deficiencv. Submitted. 
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Most Maternal LCHAD 
IEM PKU (?Others) 

Mother Mother Mother Mother 
(carrier) (affected) (affected) (carrier) 

+ t 
Fetus Fetus Fetus Fetus 

(affected) (carrier) (carrier) (affected) 

I Benefit I I Neutral I ll!llul -Fig. 2 Inborn errors of metabolism (!EM) and models of maternal-fetal interaction. 
The open arrow indicates a beneficial effect; the black arrows indicate whether the mother 

or the fetus has a harmful effect on the other. PKU, phenylketonuria; LCHAD, long-chain 
L-3-hydroxy acyl-CoA dehydrogenase deficiency. 

are multiple and important to recognize. First, the recurrence 
risk will be 25%, which raises the need of a prenatal diagnosis 
also to protect the mother's health. Second, all newborns who 
survive a pregnancy complicated by AFLP should undergo im
mediate metabolic testing and preventive measures to mini
mize the risk oflife-threatening metabolic decompensation. A 
molecular genetics approach limited to ruling out the presence 
of the "common" LCHAD mutation is readily available and 
relatively inexpensive, but it may not be adequate. Therefore, 
we recommend following up a negative result with more ex
tensive biochemical testing defined on a case-by-case basis, 
depending on the clinical course of the newborn. The applica
tion of the same approach to all newborns born after pregnan
cies complicated with HELLP syndrome has been proposed 
but also criticized, because the finding of an affected newborn 
is considered to be very low in this scenario. 13 ·21 

ROLE OF FATMO DISORDERS AS CAUSE OF SUDDEN 
AND UNEXPECTED DEATH 

Fatty acid oxidation (FAO) disorders might be responsible 
for up to So/o of children who die suddenly and unexpectedly. 22 

Pathologists, pediatricians, and geneticists should be chal
lenged to regularly investigate the presence of a possible 
FATMO disorder and submit for screening all cases with fatty 
infiltration of the liver and other organs, a family history of 
sudden death, Reye-like syndrome, or myopathy, and espe
cially a history of lethargy, vomiting, and/or fasting prior to 
deathY However, caution should be exercised not to use ste
atosis as the sole criteria to suspect or exclude a possible un
derlying FAO disorder during the postmortem evaluation of a 
case of sudden death. In our experience, only 18 of 27 cases 
diagnosed post mortem with a FATMO disorder showed dif
fuse microvesicular fatty infiltration of the liver. 12 

Our recommendation is that a frozen specimen of liver and 
bile and ideally a skin biopsy should be preserved in all cases of 
sudden death, to be discarded at a later time either if no risk 
factors are identified or when a credible cause of death has been 
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established. However, a cause of death listed as pneumonia or 
another acute infectious event should be carefully scrutinized, 
so that the trigger of an acute event is not confused with the 
underlying inborn error of metabolism. 12 

Realizing that collection and storage of frozen liver is often 
problematic, not to mention maintaining a line of cultured 
fibroblasts, pathologists should be encouraged to collect at 
least bile, any volume frozen or spotted on filter paper and kept 
at room temperature, and to retrieve the unused portion of the 
newborn screening blood spots. Bile acylcarnitine profiling is 
particularly informative,23 likely more reliable than the same 
analysis of postmortem blood or plasma. The recent availabil
ity of mouse knock-out models of FATMO disorders has al
lowed investigators to perform comparative profiling of 
plasma and bile specimens. 24 As shown in Figure 3, simulta
neous plasma acylcarnitine profiles obtained after a 
controlled fasting challenge in the mouse knock-out model of 
very long -chain acyl-CoA dehydrogenase (VLCAD) deficiency 
clearly show that biliary excretion represents the predominant 
route to eliminate toxic acyl-CoA species accumulated in the 
liver as consequence of FATMO disorders (specimens kindly 
made available by Dr. Philip A. Wood, University of Alabama). 

ROLE OF FATMO DISORDERS AS CAUSE OF ACUTE/ 
FULMINANT LIVER FAILURE 

Fulminant hepatic failure in children is a clinical syndrome 
consisting of biochemical evidence of severe hepatic synthetic 
dysfunction with or without encephalopathy.25 Biochemical 
evidence of severe hepatic dysfunction typically includes 
prolonged prothrombin time (or specific coagulation factor 
deficiencies) that does not correct with parenteral vitamin K, 
hypoglycemia, indirect hyperbilirubinemia and/or hyperam
monemia. One of the primary utilities of making a clinical 
diagnosis of fulminant hepatic failure is the prognostic infor
mation that is implied by the diagnosis. Fulminant hepatic 
failure, which is not the result of acetaminophen overdose, or 
hepatitis A orB, engenders a predicted mortality of 50 to 80%, 
including 20 to 30% who die while on the liver transplant wait
ing list. 

In the vast majority of circumstances, the etiology cannot be 
discerned. Recently, it has become clear that abnormalities in 
fatty acid metabolism are associated with fulminant hepatic 
failure in children, particularly in cases with long-chain fatty 
acid transport deficiency,26 liver-specific short-chain L-3-hy
droxy acyl-CoA dehydrogenase deficiency,27 ·28 and medium/ 
short-chain L-3-hydroxy acyl-CoA dehydrogenase deficiency 
(O'Brien LK eta!.: Fulminant hepatic failure associated with 
mutations in the medium- and short-chain L-3-hydroxyacyl
CoA dehydrogenase gene, submitted). 

Based on these diverse observations, a prospective study has 
been funded recently by the NIH (Principal Investigator: Dr. 
Benjamin L. Shneider, Mount Sinai School of Medicine, NY) 
to investigate a possible underlying FA TM 0 disorder in pedi
atric cases with acute liver failure who meet the following in
clusion criteria: ( 1) new onset ( <8 weeks from first symp-
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toms ), ( 2) acute hepatic injury with either international 
normalized ratio ( INR) > 1.7 and encephalopathy or INR 
> 2.0, ( 3) age < 16 years, ( 4) informed consent from parent or 
guardian. Enrollment of cases is expected to start at the begin
ning of 200 I. 

PRENATAL DIAGNOSIS OF FATMO DISORDERS 

To date, all known FATMO disorders are inherited as auto
somal recessive traits, with a recurrence risk of 25%. Although 
prenatal "screening" could occasionally be informative, the 
pursuit of a prenatal diagnosis after an index case with an un
specified diagnosis should be discouraged, recommending in
stead aggressive preventive treatment and a thorough evalua
tion of the newborn immediately after birth. Even when 
conventional prerequisites to testing have been the pre
natal diagnosis ofFATMO disorders may still raise both ethical 
and medical issues. 17 First, parents face the option of abortion 
for a treatable diso rder like MCAD deficiency or carnitine up
take defect, having experienced the sudden death of one or 
more children. Obviously, disorders like glutaric acidemia type 
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2 with congenital anomalies and neonatal CPT II deficiency, 
characterized by very poor prognosis and outcome, are un
questionable candidates for prenatal diagnosis. Second, the 
need of prenatal diagnosis could also stem, as mentioned pre
viously, from the need to protect the mother's health. Options 
and methods available to provide a prenatal diagnosis of 
FATMO disorders have been discussed in details elsewhereY 

PATIENTS WITH UNKNOWN DISORDERS 

The novelty in our understanding ofFATMO disorders lies 
in the concept that severe manifestations could be associated 
with essentially uninformative biochemical results. Under 
these circumstances, it is common to encounter patients car
rying a tentative diagnosis of being affected with an "unspeci
fied" FA TM 0 disorder. 2A The initial observation may vary 
from a clinical history of fasting intolerance to a variety of 
abnormal but nonspecific results of biochemical investigations 
and in vitro studies. A controlled fasting test, which should be 
performed only under careful supervision, may have induced 
hypoglycemia and inadequate ketogenesis, the trademark 
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manifestations of FATMO disorders. These patients are 
treated empirically with low-fat, high-carbohydrate diet, me
dium-chain triglyceride supplementation, and most impor
tantly strict avoidance of fasting and preventive measures in 
response to common illnesses. Aggressive treatment of an un
defined disorder has caused some confusion among parents 
and even health professionals, yet new discoveries continue to 
be made from the bench and bedside study of these atypical 
cases.26·27•30·3 1 While uninformative results of biochemical in
vestigations and in vitro analysis of cultured fibroblasts could 
constitute a reasonable end-point of evaluation, they should 
not be taken as a diagnosis of exclusion, at least not before 
undertaking a fasting challenge to rule out the presence of a 
clinically significant fasting intolerance. 

In addition to the possibility of yet uncharacterized disor
ders, an alternative explanation for these unclassified patients 
could be that they are affected with concurrent partial defects 
in two or more enzymes, a phenomenon recently described by 
Vockley eta!. as synergistic heterozygosity.32 Based on the fre
quencies of known disorders of energy metabolism, this may 
represent a relatively common mechanism of disease of poten
tially great clinical relevance, possibly playing a causative role 
in combination with susceptibility variants and environmental 
factors. 

For example, short-chain acyl-CoA dehydrogenase (SCAD) 
deficiency is considered a rare FATMO disorder convention
ally diagnosed on the basis of ethylmalonic aciduria and low 
SCAD activity in cultured fibroblasts. 33 Gregersen and co
workers have proposed that patients with mild ethylmalonic 
aciduria may have a "functional" SCAD deficiency due to the 
presence of either one of two susceptibility SCAD gene varia
tions, i.e., 625G>A and SllC>T, in whom a variable or mod
erately reduced SCAD activity may be clinically relevant. 34.35 A 
more recent study has shown that only 1 of 10 newly diagnosed 
SCAD-deficient patients carried pathogenic mutations in both 
alleles, while five were double heterozygotes for a pathogenic 
mutation in one allele and the 625G> A susceptibility variation 
in the other.36 The remaining four patients carried only either 
the SllC>T or the 625G>A variations in each allele. The au
thors postulated that patients carrying SCAD gene variations 
could become symptomatic under the influence of additional 
genetic, cellular, and/or environmental factors. 

Clearly, there are a number of issues that remain unsolved 
concerning the organization and tissue distribution of the 
components of this pathway. 37 With regard to the organization 
within the mitochondria, it seems logical that the various en
zymes should be physically related in a fashion that allows for 
efficient substrate flow. 38 To date, however, no such structural 
organization has been conclusively described for fatty acid ox
idation enzymes, but it is possible that some key enzymes and 
regulatory components involved in this pathway have not yet 
been described. 39- 41 A contribution of conformational abnor
malities at the stage of protein folding and cellular handling has 
also been proposed. 42 It is tempting to speculate that unclassi
fied cases, synergistic heterozygosity, and common polymor
phisms are all connected components of a common scenario, 
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one in which presumed "simple" Mendelian disorders are, in 
fact, complex traits.42 A 3 The proper recognition of these cases 
is not impossible, but it will take place only after we learn to 
look for them properly and creatively in vivo and in vitro. 

References 
I. Eaton S, Bartlett K, Pourfarzam M. Mammalian mitochondrial /3-ox.idation. Bio

chem/ 1996;320:345-357. 

2. Rinaldo P, Raymond K, AI Odaib A, Bennett MI. Fatty acid oxidation disorders: 
clinical and biochemical features. Curr Opi11 Pediatr 1998;10:615-62 1. 

3. Saudubray IM. Charpentier C. Clinical phenotypes: diagnosis/algorithms. In: 
Scriver CR. Beaudet AL, Sly WS, Valle D, editors. The metabolic and molecular bases 
of inherited disease, 7th ed. New York: McGraw-Hill. 1995:327-400. 

4. Bennett MI. Rinaldo P, Strauss AW. Inborn errors of mitochondrial fatty acid oxi
dation. Crit C/in Lab Sci 2000;37:1-44. 

5. Levy HL. Newborn screening by tandem mass spectrometry: a new era [editorial[. 
Clin Chern 1998;44:2401-2402. 

6. Charrow I. Goodman 51 , McCabe ERG. Rinaldo P. Tandem mass spectrometry in 
newborn screening. Ge11et Med 2000;2:267-269. 

7. Matern D. Rinaldo P. Medium chain acyl-coenzyme A (MCADJ deficiency. In: 

GeneCiinics: medical genetics knowledge base. University of Washington, Seattle. 
http:l!l.ovw.genecli"ics.org/profiles/mcad. 

8. Raymond K, Bale AE, BarnesCA, Rinaldo P. Sudden adult death and medium-chain 
acyi-CoA dehydrogenase deficiency. Genet Med 1999; 1:293-294. 

9. Wang SS, FernhoffPM, Hannon H. Khoury MI. Medium-chain acyl-CoA dehydro
genase deficiency: human genome epidemiology review. Genet Med 1999; l :332-
339. 

10. Matern D, Strauss AW. HiUman SH, Mayatepek E. MiUington OS, Trefz F. Diagnosis 
ofTFP deficiency in a blood spot from the newborn screening card by tandem mass 
spectrometry and DNA analysis. Pediatr Res 1999;46:45-50. 

II. Tyni T, Pihko H. Long-chain 3-hydroxyacyl-CoA dehydrogenase deficiency. Acta 

Paediatr 1999;88:237-245. 

12. Boles RG, Buck EA, Blitzer MG. Platt MS, Martin SK, Yoon HR, Madsen /A, Reyes
Mugica M, Rinaldo P. Retrospective biochemical screening of fatty acid oxidatio n 

disorders in postmortem liver of 418 cases of sudden unexpected death in the first 
year of life. / Pe.tiatr 1998; 132:924 -933. 

13. Den Boer MEI.Ijlst L. Wijburg FA, Oostheim W, Van Werkhoven MA. Van Pam pus 
MG, Heymans HSA, Wanders RIA. Heterozygosity for the common LCHAD mu

tation ( 1528G>C) is not a major cause ofHELLP syndrome and the prevalence of 
the mutation in the Dutch population is low. Pediatr Res 2000:48:151-154. 

14. Toniges TF. and the AAP Newborn Screening Task Force. Serving the family from 

birth to the medical home. Newborn screening: a blueprint for the future-a call for 
a national agenda on state newborn screening programs. Pediatrics 2000;106:389-
427. 

15. lbdah lA, Bennett MI. Rinaldo P, Zhao Y, Gibson B. Sims H. Strauss AW. A fetal fatty 
acid oxidation disorder causes maternal liver disease of pregnancy. N Eng/! Med 

1999;340: 1723-173]. 

16. Tein I. Metabolic disease in the fetu s predisposes to maternal hepatic complications 
of pregnancy [editorial]. Pediatr Res 2000;47:6-8. 

17. Rinaldo P, Studinski A, Matern D. Prenatal diagnosis of disorders of fatty acid 

transport and mitochondrial oxidation I invited commentary}. Prc1rat Diag11osis. In 
press. 

17a. Matern D. Hart P, Murtha AP, Vockley J. Gregersen N, Millington OS, Treem WR. 
Acute fatty liver of pregnancy assoc iated with short-chain acyl-coenzyme A dehy
drogenase deficiency. / Pediarr. In press. 

18. Nelson 1. Lewis B. Walters B. The HELLP syndrome associated with fetal medium

chain acyl-CoA dehydrogenase deficiency.//nherit Metab Dis 2000;23:518-519. 
19. Wasserstein MP, Gaddipati S, Snyderman SE. Eddleman K, Desnick Rl. Sansaricq C. 

Successful pregnancy in severe methyl malonic acidaemia. I Inherit Metab Dis 1999; 
22:788-794. 

20. Platt LD, Koch R, Hanley WB, Levy HL, Matalon R. Rouse B. Trefz F. de Ia Cruz F. 
Guttier F, Azen C. Friedman EG. The international study of pregnancy outcome in 

women with maternal phenylketonuria: report of a 12-year study. Am 1 Obstet Gy
neco/2000;182:326-333. 

21. Strauss AW, Bennett MJ. Rinaldo P, Sims HF, O'Brien LK, Zhao Y, Gibson B,lbdah 

J. Inherited long-chain 3-hydroxyacyl-CoA dehydrogenase deficiency and a fetal

maternal interaction cause maternal liver disease and other pregnancy complica
tions. Semin Pcrinato/1999;23: 100-112. 

22. Rinaldo P. Yoon HR, Yu C. Raymond K, Tiozzo C, Giordano G. Sudden and unex

pected neonatal death: a protocol for the postmortem diagnosis of fatty acid oxida
tion disorders. Semin Perinato/1999;23:204 -210. 

343 



Rinaldo and Matern 

23. Rashed MS, Ozand PT. Bennett M), Barnard Jj, Govindaraju DR, Rinaldo P. Diag

nosis of inborn errors of metabolism in sudden death cases by acylcarnitine analysis 
of postmortem bile. Clin Chern 1995;41:1109-1114. 

24. Kurtz D. Rinaldo P, Rhead WJ. Tian L, Millington DS, Vockley G. Hamm D. Brix 
AE, Lindsey )R, Pinker! CA. O'Brien WE, Farmer SC, Wood PA. Targeted disrup

tion of mouse long-chain acyi-CoA dehydrogenase reveals crucial role in fatty acid 
oxidation. Proc Nat/ Awd Sci USA 1998;95:15592-15597. 

25. Bhaduri B, Mieli-Vergani G. Fulminant hepatic failure : pediatric aspects. Semin 
Li1•er Dis 1996:116:349-355. 

26. Al Odaib A, Shneider BL, Bennett MJ. Pober BR, Reyes-Mugica M, Friedman AL, 

Suchy F). Rinaldo P. A defect in the transport of long-chain fatty acids associated 
with acute liver failure. N Eng// Med 1998;339: 1752-1757. 

27. Bennett MI. Spotswood SD, Ross KF, Comfort S, Koonce R, Boriack RL, (Jist L, 
Wanders RJ. Fatal hepatic short-chain L-3-hydroxyacyl-coenzyme A dehydrogenase 

deficiency: clinical. biochemical, and pathological studies on three subjects with this 
recently identified disorder of mitochondrial beta-oxidation. Pediatr De" Pathol 
1999;2:337-345. 

28. Treacy EP, Lambert DM, Barnes R, Boriack RL, Vockley J. O'Brien LK, Jones PM, 
Bennett M). Short-chain hydroxyacyl-coenzyme A dehydrogenase deficiency pre

senting as unexpected infant death: a family study. f Pediatr 2000;137:257-259. 
29. Rinaldo P, Matern D. Biochemical diagnosis of inborn errors of metabolism. In: 

Rudolph CD, Rudolph AM , Hostetter M, Lister G. Siegel N, editors. Rudolph's 
pediatrics, 21st ed. New York: McGraw-Hill. In press. 

30. Kamijo T,lndo (, Souri M, Aoyama T, Hara T, Yamamoto S. Ushikubo S, Rinaldo P, 
Matsuda I. Kamiyama A, Hashimoto T. Medium-chain 3-ketoacyi-CoA thiolase 
deficiency: a new disorder of mitochondrial fatty acid 13-oxidation. Pediatr Res 1997; 

42 :569-576. 
31. Thompson GN. Hsu BYL, Pitt J), Treacy E, Stanley CA. Fasting hypoketotic coma in 

a child with deficiency of mitochondrial3-hydroxy-3-methylglutaryi-CoA synthase. 

N Eng// Med 1997;337:1203- 1207. 
32. Vockley J, Rinaldo P, Bennett MJ. Matern D. Vladutiu GD. Synergistic heterozygos

ity: metabolic disease resulting from multiple partial defects in one or more meta

bolic pathways. Mol Genet Metab 2000;71:10-18. 
33. Bhala A, Willi SM. Rinaldo P, Bennett MJ. Schmidt-Sommerfeld E. Hale DE. Clin

ical and biochemical characterization of short-chain acyl-coenzyme A dehydroge

nase deficiency. I Pediatr 1995;126:910-915. 

344 

34. Corydon MI. Gregersen N, Lehnert W, RibesA, Rinaldo P, Kmoch S, Christensen E, 
Kristensen T). Andresen BS, Bross P, Winter V, Madsen IM. Martinez G, NeveS, 
Kristiansen K, jensen TG. Bolund L, K0lvraa S. Ethylmalonic aciduria is associated 
with an amino acid variant ( G209S) of short-chain acyl-coenzyme A dehydrogenase 

(SCAD). Pediatr Res 1996;39:1059-1066. 
35. Gregersen N, Winter V, Corydon MJ, Corydon TJ, Rinaldo P, Ribes A, Martinez G, 

Bennett M). Vianey-Saban C. Bhala A, Hale DE, Lehnert W, Kmoch S, Rotg M, 
Riudor E. Einberg H. Andresen BS, Bross P, Bolund LA, K0lvraa S. Identification of 
four new mutations in the short-chain acyi-CoA dehydrogenase (SCAD) gene in 
two patients: one of the variant alleles, 511 C> T, is present at an unexpectedly high 
frequency in the general population, as was the case for 625G > A, together confer
ring susceptibility to ethylmalonic aciduria. Hum Mol Genet 1998;7:619-627. 

36. Corydon MI. Vockley G, Rinaldo P, Rhead WI , Kjeldsen M, Winter V, Riggs C, 
Babovic-Vuksanovic D, Smeitink /,de long J. Roe CR. Levy HL, Sewell AC, Matern 
D, Dasouki M, Gregersen N. Role of common variant alleles in the molecular basis of 
short-chain acyi-CoA dehydrogenase deficiency. Pediatr Res. In press. 

37. Eaton S, Bartlett K. Tissue specific differences in intramitochondrial control of 13-oxida
tion. In: Quant PA, Eaton S, editors. Current views of fatty acid oxidation and ketogen
esis: from organelles to point mutations. New York: Kluwer, 1999:161-168. 

38. Parker A, Engel PC. Preliminary evidence for the existence of specific functional 
assemblies between enzymes of the beta-oxidation pathway and the respiratory 

chain. Biochem f 2000;345:429 -435. 
39. Leone TC, Weinheimer CJ. Kelly DP. A critical role for the peroxisome proliferator

activated receptor alpha (PPARa) in the cellular fasting response: the PPARa-null 
mouse as a model of fatty acid oxidation disorders. Proc Nat/ A cad Sci USA 1999;96: 

7473-7478. 
40. Telford EAR. Moynihan LM, Markham AF, Lench NJ. Isolation and characteriza

tion of a eDNA encoding the precursor for a novel member of the acyi-CoA dehy
drogenase gene family. Biochim Biophys Acta 1999;1446:371-376. 

41. Boss 0, Hagen T, Lowell BB. Uncoupling proteins 2 and 3: potential regulators of 
mitochondrial energy metabolism. Diabetes 2000;49:143-156. 

42. Gregersen N, Bross P, )0rgensen MM. Corydon TJ. Andresen BS. Defective folding 
and rapid degradation of mutant proteins is a common disease mechanism in ge
netic disorders./ l11herit Metab Dis 2000;23:441-447. 

43. Dipple KM, McCabe ERB. Phenotypes of patients with "simple" Mendelian disor
ders are complex traits: thresholds, modifiers, and system dynamics. Am I Hum 
Gwet 2000;66: 1729 - 1735. 

IN Medicine 


	Disorders of fatty acid transport and mitochondrial oxidation: Challenges and dilemmas of metabolic evaluation
	NEWBORN SCREENING OF FATMO DISORDERS: THE CHALLENGE
	NEWBORN SCREENING OF FATMO DISORDERS: THE DILEMMA
	ROLE OF FATMO DISORDERS AS CAUSE OF MATERNAL COMPLICATIONS OF PREGNANCY
	ROLE OF FATMO DISORDERS AS CAUSE OF SUDDEN AND UNEXPECTED DEATH
	ROLE OF FATMO DISORDERS AS CAUSE OF ACUTE/FULMINANT LIVER FAILURE
	PRENATAL DIAGNOSIS OF FATMO DISORDERS
	PATIENTS WITH UNKNOWN DISORDERS
	References


