
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Mitochondrial trifunctional protein in disease and development

den Boer, M.E.J.

Publication date
2003

Link to publication

Citation for published version (APA):
den Boer, M. E. J. (2003). Mitochondrial trifunctional protein in disease and development.
[Thesis, internally prepared, Universiteit van Amsterdam]. s.n.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/mitochondrial-trifunctional-protein-in-disease-and-development(c352f183-0fa1-40b2-b371-d73fb859ef36).html


3 3 
Long-chainn 3-hydroxyacyl-CoA dehydrogenase 

deficiency: : 
Clinicall presentation and follow-up of 50 patients 

Pediatricss 2002; 109:99-104 

M.E.J,, den Boer' 
R.J.A.. Wanders17 

A.A.M.. Morris3 

L.. IJlst2 

H.S.A.. Heymans' 
F.A.. Wijburg' 

Departmentss of Pediatrics' and Clinical Chemistry, Laboratory for Genetic Metabolic Diseases,2 

Academicc Medical Center, University of Amsterdam, the Netherlands 
andd the Department of Child Health3, University of Newcastle Upon Tyne, United Kingdom 

Chapterr 3 39 9 



Abstrac t t 

Objective s s 
Too assess the mode of presentation, biochemical abnormalities, clinical course, and 

effectss of therapy in patients of long-chain 3-hydroxyacyl-CoA dehydrogenase (LCHAD) 

deficiency. . 

Backgroun d d 
LCHADD deficiency (LCHADD) is a rare autosomal recessive inborn error of fatty acid 

oxidationn (FAO). Though case reports and small series of patients have been published, 

thesee may not give a true picture of the clinical and biochemical spectrum associated with 

thiss disorder. To improve the early recognition and management of this potentially lethal 

disorder,, we have reviewed a large cohort of LCHAD deficient patients. 

Method s s 

AA questionnaire was sent to the referring physicians of sixty-one unselected patients with 

LCHADDD diagnosed in our center. The standardized questionnaire requested information 

aboutt the clinical signs and symptoms at presentation, the clinical history, family history, 

pregnancy,, biochemical parameters at presentation, treatment, and clinical outcome. 

Result s s 

Questionnairess on fifty patients (82%) were returned and included in this study. The 

meann age of clinical presentation was 5.8 months (range: 1 day to 26 months). Seven 

(15%)) of the patients presented in the neonatal period. Thirty-nine patients (78%) 

presentedd with hypoketotic hypoglycemia, the classical features of a FAO disorder. Eleven 

patientss (22%) presented with chronic problems, consisting of failure to thrive, feeding 

difficulties,, cholestatic liver disease, and/or hypotonia. In retrospect, most (82%) of the 

patientss presenting with an acute metabolic derangement also suffered from a 

combinationn of chronic nonspecific symptoms before the metabolic crises. Mortality in 

thiss series was high (38%), all dying before or within three months after diagnosis. 

Morbidityy in the surviving patients is also high, with recurrent metabolic crises and muscle 

problems,, despite therapy. 

Conclusion s s 
LCHADDD often presents with a combination of chronic nonspecific symptoms. Early 

diagnosiss is difficult in the absence of the classical metabolic derangement. Survival can 
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Introduction n 

Long-chainn 3-hydroxyacyl-CoA dehydrogenase (LCHAD) catalyses the third step of the 

mitochondriall oxidation of long-chain fatty acids, converting long-chain 3-hydroxyacyl-

CoAA esters into the corresponding 3-ketoacyl-CoA esters. The LCHAD enzyme is part of 

thee mitochondrial trifuntional protein (MTP), which also harbors long-chain enoyl-CoA 

hydratasee and the long-chain thiolase activity. 

Sincee the first description of LCHADD in 1990', a number of case reports have 

highlightedd individual clinical and biochemical features of the disorder. From these 

reports,, the most prominent finding at presentation appears to be hypoketotic 

hypoglycemia,, as in the commonest FAO disorder, medium-chain acyl-CoA dehydro-

genasee (MCAD) deficiency2, Additional features reported in LCHADD include cardio-

myopathy,, severe liver disease with cholestasis and recurrent muscle cramps with raised 

serumm creatine kinase levels. These features also occur in other long-chain FAO disorders 

(suchh as VLCAD and CPT2 deficiency) but not in MCAD deficiency (MCADD). Finally, a 

numberr of LCHAD deficient patients develop pigmentary retinopathy and peripheral 

neuropathy,, long-term complications which are not seen in any of the other 

mitochondriall FAO disorders. 

Diagnosiss of LCHADD is suggested by demonstrating increased secretion of 3-hydroxy-

dicarboxylicc adds in urine by gas chromatography - mass spectrometry (GC-MS), or by 

demonstratingg accumulation of 3-hydroxyacyl-camitines as measured by tandem-mass-

spectrometryy {Tandem MS) in plasma3. Confirmation of the diagnosis is possible by 

measuringg LCHAD activity in lymphocytes, fibroblasts, muscle or liver biopsies'4 and by 

mutationall analysis. A common mutation has been identified in the cc-subunit of the 

trifunctionall protein, in the domain with LCHAD activity. In the majority of LCHAD-

deficientt patients, at least one allele carries this point mutation (1528 G>C}\ 

Casee reports and small series of patients often do not give a balanced view of the clinical 

andd biochemical spectrum associated with inborn errors of metabolism. To provide clinical 

dataa on a large unselected affected population to allow appreciation of the clinical 

spectrum,, we reviewed fifty patients by sending questionnaires to the relevant metabolic 

pediatricians. . 
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Material ss  and Method s 

Forr the last decade the metabolic center at the Academic Medical Center of the University 

off Amsterdam has been a referral center for the diagnosis of LCHADD. The diagnosis has 

beenn established in eighty patients from all over Europe by enzyme analysis in 

lymphocytes,, fibroblasts, or liver tissue''11 and/or by demonstrating homozygosity for the 

commonn LCHAD mutation (1528G>C) by using previously described methods56. A 

standardizedd questionnaire was sent to the referring specialists of sixty-one patients for 

whomm the referring physician was known. For the other nineteen patients, the name of 

thee referring physician was unknown to our laboratory, and thus a questionnaire could 

nott be sent. Patients with MTP deficiency (MTPD) were excluded from this survey. 

Thee questionnaire requested patient initials, sex, date of birth, and clinical and 

biochemicall parameters at time of diagnosis and during follow up, clinical history before 

diagnosis,, family history, pregnancy, neonatal period, and current treatment. All data 

weree analyzed anonymously, and can not be reduced to the individual patient. 

Frequenciess and frequency distributions were calculated using the SPSS software 

program.. Statistical analysis included Fisher's exact test. 
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Result s s 

Patient s s 
Fiftyy questionnaires (82%) out of the sixty-one were completed by twenty-six referring 

specialists.. The fifty patients originated from fourty-five unrelated families. Five families 

hadd two affected siblings. Twenty-three patients were male, twenty-seven were female. 

Mostt patients (47) were of European origin, the other three coming from the USA, 

Australia,, and Israel. Only eight of the fifty patients have been published previously7"13. 

Diagnosi s s 

Alll patients were proven to be LCHAD deficient, either by enzymatic analysis (38 out of 

50,, 76%) and/or by mutation analysis (49 out of 50 patients). Mutation analysis 

demonstratedd the presence of the common 1528G>C mutation in 84 out of the 98 

alleless tested (allele frequency 86%). Thirty-six patients were homozygous and twelve 

weree heterozygous for this mutation. One patient was found to be homozygous for the 

583G>DD mutation. All heterozygous 1528G>C and the homozygous 583G>D were 

enzymaticallyy proven to be LCHAD deficient. 

Pregnancie s s 
Forr fourty-seven of the fifty patients, data on the pregnancies were available. Seven 

(15%)) of the pregnancies were complicated by HELLP (hemolysis, elevated liver enzymes 

andd low platelets) syndrome. Two pregnancies (4%) were complicated by AFLP (acute 

fattyy liver of pregnancy). 

Clinica ll  presentatio n 
Thee age of onset of clinical symptoms ranged from 1 day to 26 months, with a mean of 

5.88 months (figure 1). Seven (15%) of the patients presented within the neonatal period 

(0-44 weeks of age). 
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FigureFigure 1 - Age at first presentation in months 

Thirty-ninee patients (78%) presented with an acute metabolic derangement with 

hypoketoticc hypoglycemia. Clinical signs and symptoms at acute presentation are given in 

tablee 1. 

Signss and Symptom s 

Hepaticc Dysfunction 

Coma a 

Seizures s 

Apneicc spells 

Cardiorespiratoryy arrest 

Arrhythmias s 

Suddenn death 

Numbe rr  of Patient s 

31/39 9 

22/39 9 

15/39 9 

09/39 9 

8/39 9 

7/39 9 

3/39 9 

Percentag e e 

79% % 

56% % 

38% % 

23% % 

21% % 

18% % 

9% % 

TableTable 1 - Signs and symptoms in 39 LCHAD-deficient patients presenting 
withwith acute metabolic derangement 

Thee other eleven patients (22%) presented with a more chronic disorder, consisting of 

liverr disease, failure to thrive, feeding difficulties and/or hypotonia (table 2). These 

childrenn did not suffer any acute metabolic derangement with hypoglycemia prior to 

diagnosis. . 
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Signss and symptoms 11 Patients without acute metabolic 39 Patients with acute metabolic 

Hepatomegaly y 

Hepaticc dysfunction 

Cholestasis s 

Cardiomyopathy y 

Failuree to thrive 

Feedingg difficulties 

Vomiting g 

Hypotonia a 

Lethargy y 

Psychomotor r 
retardation n 

Peripherall neuropathy 

Microcephaly y 

derangemen t t 

number r 

6/10* * 

S/10* * 

3/10* * 

4/11* * 

8/11* * 

6/11* * 

5/11* * 

7/11* * 

3/10* * 

3/11* * 

1/11* * 

3/11* * 

percentage e 

60% % 

80% % 

30% % 

36% % 

73% % 

55% % 

45% % 

64% % 

30% % 

27% % 

9% % 

27% % 

derangemen t t 

number r 

28/36* * 

31/39* * 

6/34* * 

17/35* * 

14/35* * 

16/35* * 

13/33* * 

22/36* * 

10/35* * 

9/36* * 

1/33* * 

2/33* * 

percentage e 

78% % 

79% % 

185 5 

49% % 

40% % 

46% % 

39% % 

6 1 % % 

29% % 

25% % 

3% % 

6% % 

TableTable 2 - Signs and symptoms before and at diagnosis in 
allall  50 LCHAD-deficientpatients 

**  Number of patients for whom data were available 

Carefull analysis of the clinical history of those patients presenting with an acute 

hypoglycemicc episode, revealed that thirty-two (82%) of the thirty-nine patients already 

hadd non-specific problems, probably related to LCHADD, before the hypoglycemic attack. 

Thesee problems are comparable to those observed in the eleven patients who presented 

withh chronic symptoms (table 2). 

Laborator yy abnormalitie s at presentatio n 

Besidess hypoglycemia, patients with an acute presentation showed a number of other 

laboratoryy abnormalities. These are summarized in table 3. 
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Test t 

Glucosee (mmoi/L) 

Lactatee (mmol/l) 

ASATT (U/L) 

CKK (U/L) 

Ammoniaa {(imol/L) 

Totall carnitine Qimoi/L) 

Numbe rr  of patient s 
wit hh abnorma l values 

39/39** (100%) 

14/20*(70%) ) 

25/28** (89%) 

14/21** (67%) 

14/17** (74%) 

12/22** (55%) 

Meann valu e 

1.4 4 

8,6 6 

261 1 

1178 8 

150 0 

14.8 8 

Range e 

0.0-2.6 6 

2.7-44.0 0 

65-761 1 

151-9000 0 

68-400 0 

8-23.5 5 

Norma ll  rang e 

3.5-7.0 0 

<2.0 0 

<65 5 

<150 0 

<55 5 

>25 5 

TableTable 3 - Laboratory values in 39 LCHAD-deficient patients presenting with 
acuteacute metabolic derangement 

**  Number of patients for whom data were available 

Clinica ll  outcom e 

Nineteenn (38%) of the fifty patients were already deceased at the time of the study. 

Mortalityy in patients presenting with acute hypoglycemia (15/39, 38%) did not differ 

significantlyy from that in patients presenting with chronic non-specific symptoms (4/11, 

36%).. Fourteen patients died before the diagnosis of LCHADD was made. The other five 

childrenn died within the first three months after diagnosis, one due to sudden infant 

death,, one due to hepatic failure and three due to cardiomyopathy. The latter four 

patientss had all presented with acute hypoglycemia but severe liver disease/ 

cardiomyopathyy were already present at this time. 

Follow-upp for the thirty-one surviving patients (62%) ranged from 0.5 to 11 years with a 

mediann follow up of 3.4 years. Of these thirty-one patients, twenty-nine (94%) were 

reportedd to be generally "in good clinical condition". However, morbidity in this group is 

stilll high, with recurrent metabolic crises and other clinical problems (table 4). The 

metabolicc crises were reported to be less severe than the initial acute metabolic 

derangement.. No patient died during follow-up. 

Treatmen t t 

Alll surviving patients (31) are treated with a low fat, high carbohydrate diet. Twenty-three 

patientss receive a medium chain triglycerides (MCT) enriched diet, and twelve are being 

treatedd with L-carnitine (50-100 mg per kilogram body weight per day). No statistically 

significantt difference in morbidity, as defined as the presence of recurrent metabolic 

attackss and/or muscle cramps, could be detected between the patients receiving and 

thosee not receiving L-carnitine supplements (Fisher's exact test: p<0.01). 
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Signss and symptom s 

Goodd clinical condition 

Recurrentt metabolic derangement 

Recurrentt muscular pains 

Cardiomyopathy y 

Failuree to thrive 

Feedingg difficulties 

Hypotonia a 

Speechh delay 

Motorr retardation 

Peripherall neuropathy 

Visuall impairment 

withh raised CK levels 

Numbe rr  of f 

29/31(94%) ) 

8/311 (26%) 

10/311 (32%) 

0/311 (0%) 

7/311 (23%) 

8/311 (26%) 

4/311 (13%) 

3/311 (10%) 

6/311 (19%) 

3/311 (10%) 

9/311 (29%) 

TableTable 4 - Signs and symptoms during follow-up in 
3131 surviving LCHAD-deficient patients 



Discussio n n 

Ourr study is the first to report the presentation and outcome in a large, unselected group 

off LCHAD deficient patients. The clinical picture revealed differs in several respects from 

thee pattern emerging from the previous literature. Published reports suggest that most 

patientss present with hypoketotic hypoglycemia and a Reye-like illness, after a period of 

prolongedd fasting often during a mild illness'4'16. Only a few isolated patients with a more 

chronicc presentation have been described791721. In our series of fifty patients, eleven 

patientss (22%) presented with a variety of chronic problems, such as cholestatic liver 

disease,, failure to thrive, cardiomyopathy, muscular hypotonia and feeding difficulties. 

Carefull analysis of the clinical history of those patients presenting with acute 

hypoglycemia,, revealed that thirty-two of the thirty-nine {82%} patients, already had a 

combinationn of non-specific symptoms probably related to LCHADD, before the 

hypoglycemicc episode. In total, therefore, fourty-three (86%) of our fifty patients initially 

hadd chronic rather than acute problems. Unfortunately, because the chronic symptoms 

tendd to be nonspecific, their significance is easily missed. These symptoms are also 

observedd in other long-chain FAO disorders, such as VLCAD and CPT2 deficiency22 " . 

Hypotonia,, liver disease, cardiomyopathy and other chronic problems are probably caused 

byy an accumulation of iong-chain acyl-CoA esters, which have, for example, been shown 

too be toxic to cardiomyocytes in vitro24. Furthermore, since they are relatively poorly 

excretedd in urine, they accumulate even in the absence of an acute metabolic crises. 

Neonatall symptoms are increasingly recognized in FAO disorders. Previous studies have 

shownn a high incidence of neonatal symptoms in MCAD and VLCAD deficiencies2528. 

Fifteenn percent of patients with LCHADD in our study presented in the neonatal period. 

Feww patients with MCADD present between the neonatal period and the age of 6 

months,, the median age of presentation being twelve months in this condition2527. In 

contrastt the median age of presentation in our patients was 5.8 months. In this respect, 

ass in many others, LCHADD resembles VLCAD deficiency more closely than MCADD. 

Mortalityy in LCHADD is high. In our series, 38% of the patients died before or within 3 

monthss after diagnosis. Though this mortality rate is lower than has been reported 

previously714,, it is still much higher than the mortality in MCADD {range 16 - 19%)26-27. 

Thee young age at presentation and the high mortality rate in LCHADD may be explained 

byy two mechanisms. Firstly, toxicity from long-chain acyl-CoA esters may contribute to 

thee increased mortality, by causing cardiac rhythm disturbances and cardiomyopathy. 

Secondly,, the block in long-chain FAO results in an almost complete inability to synthesize 
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ketonee bodies and/or ATP from long-chain fatty acids, the most abundant energy store in 

man.. In MCADD, there is no production of toxic long-chain acyl-CoA esters and it is still 

possiblee to oxidize long-chain fatty acids to medium-chain fatty acids, resulting in 

significantt production of ketone bodies and ATP. 

Ourr study reveals a high incidence of lactic acidemia during metabolic decompensation 

duee to LCHADD (table 3). This has been reported previously in a number of case 

histories10-11-14,15-18-29"32.. The cause of the lactic acidosis in LCHADD is unclear, but it can 

probablyy be attributed to the toxicity of long-chain acyl-CoA esters. Long-chain acyl-CoA 

esterss inhibit the mitochondrial ATP/ADP carrier33-34 and the dicarboxylate carrier3536 in 

vitro.. Inhibition of these carriers will increase the intra-mitochondrial and via the malate-

aspartatee shuttle the cytoplasmatic NADH/NAD+ ratio, leading to lactic acidosis with an 

increasedd lactate to pyruvate ratio. A second potential mechanism would involve direct 

inhibitionn of mitochondrial oxidative phosphorylation by 3-hydroxypalmitoyl-CoA37. Again 

thiss would be expected to cause lactic acidosis with an increased lactate to pyruvate ratio. 

Finally,, iong-chain acyl-carnitines may inhibit the pyruvate dehydrogenase complex 

(PDHC)388 and this should, however, cause lactic acidemia with a normal lactate to 

pyruvatee ratio. It is, therefore, difficult to predict the lactate to pyruvate ratio in LCHADD. 

Thee ratio was increased in six of the ten patients with a high lactate concentration in our 

seriess and it was normal in the remaining four patients. 

Itt is now well established that LCHADD in a fetus predisposes the mother to the 

gestationall complications, HELLP syndrome and AFLP1"03"46. The frequency of these 

complicationss is, however, unclear. Ibdah et a! reported twelve cases of AFLP and three of 

HELLPP syndrome in a series of nineteen pregnancies in which the fetus had LCHADD. In 

contrast,, Tyni et al found only one case of AFLP and three of HELLP syndrome in a series 

off twenty-nine affected pregnancies, although they also found an increased frequency of 

intrahepaticc cholestasis, preeclampsia and pregnancy-induced hypertension. The 

frequenciess of AFLP and HELLP syndrome in our series were closer to those reported by 

Tynii et al. Of the fourty-seven pregnancies for which we have data, seven were 

complicatedd by HELLP syndrome and two by AFLP. This is still much higher than the 

prevalencee in the normal population. The most likely cause is the production of toxic 

long-chainn acyl-CoA esters by the feto-placental unit, probably in combination with the 

obligatoryy heterozygous state of the mother. However, the fact that, at least in animal 

studies,, the unborn fetus predominantly depends on carbohydrate degradation for 

energyy supply"748, with low oxidation rates for fatty acids49, makes a substantial 

productionn of long-chain acyl-CoA esters by the fetus unlikely. Other factors may 
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thereforee be involved in the pathogenesis of HELLP and AFLP. HELLP syndrome and AFLP 

havee also been reported in association with fetal MTPD50-51, CPT1 deficiency", MCADD" 

andd an SCAD variant". The latter two case reports may, however, be chance associations, 

sincee this SCAD variant is common {6% of the normal population) and MCADD is 

sufficientlyy common for us to know that gestational complications in this disorder are 

veryy rare. 

Despitee dietary treatment consisting of avoidance of prolonged fasting and a 

carbohydratee rich, fat restricted diet, morbidity in the surviving patients with LCHADD is 

remarkablyy high, with recurrent episodes of metabolic decompensation in 26% of the 

patientss and recurrent muscle pains with raised CK levels in 32%. This might be due to 

thee production of long-chain acyl-CoA esters which can continue despite treatment, as 

hass been shown by Gillingham et al15. Differences in outcome, however, can be due to 

differentt dietary regimens, because Gillingham et al15 also demonstrated that changing 

thee composition of the diet results in changes in the concentration of long-chain acyl-

CoAA esters. Because we have no details on the exact dietary management of the patients 

inn this study, we can not exclude beneficial influences of a low fat, carbohydrate rich, 

MCTT enriched diet in the treatment of LCHADD. 

Theree is much debate about the use of L-carnitine in patients with LCHADD. There have 

beenn several anecdotal reports suggesting that carnitine supplements may improve the 

clinicall outcome in LCHAD deficient patients. Conversely, by promoting the formation of 

long-chainn acyl-CoA esters, L-carnitine may be harmful: there are reports suggesting that 

patientss on L-carnitine therapy do worse than those without L-carnitine 

supplementation"'4'55.. Almost half the patients in our study were receiving L-carnitine 

supplementss but we were unable to demonstrate any significant effect on the frequency 

off metabolic decompensation or muscle cramps. Although this conclusion is based on 

retrospectivee data, we do not think there is sufficient evidence to support the routine use 

off L-carnitine in LCHAD deficient patients. 

Retinopathyy with progressive visual impairment, a serious long-term complication in 

LCHADD,, was found in nine (29%) of the thirty-one patients examined in our study. This 

iss lower than the frequency reported by Tyni et al56. who found retinal changes in more 

thann 50% of their patients. The most likely explanation for this discrepancy is the 

relativelyy short period of follow up for some of our patients. This may also explain the 

relativelyy low incidence of peripheral neuropathy in our series. The causes of the 

retinopathyy and peripheral neuropathy in LCHADD are unknown. Low plasma 

concentrationss of docosahexanoic acid (DHA) have been found in a few LCHAD deficient 
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patientss and, following DHA supplementation, improvement has been reported in vision 

andd nerve conduction55 '7. Low levels of DHA may, however, have been caused by dietary 

deficiencyy of essential fatty acids, especially a-linoleic acid, rather than LCHADD itself. 

Ourr study demonstrates that early recognition and treatment are critical in LCHADD, 

sincee mortality is low after diagnosis is made before acute decompensation and before 

irreversiblee organic failure has occurred. It is, therefore, important to recognize that this 

disorderr can present with chronic, nonspecific problems, such as failure to thrive, liver 

dysfunction,, and hypotonia, as well as cardiomyopathy. Early detection will greatly 

benefitt from newborn screening programs for FAO disorders, including LCHADD. The 

long-termm morbidity, however, can only be improved by multicenter studies to evaluate 

thee effects of different therapeutic regimes, such as MCT, L-carnitine, and DHA 

supplementation. . 
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