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Propionic Acidemia: Unusual Course With Late Onset and Fatal Outcome

Thomas Lücke, Celia Pérez-Cerdá, Matthias Baumgartner, Brian Fowler, Stefanie Sander, Michael Sasse,
Sabine Scholl, Magdalena Ugarte, and Anibh Martin Das

41⁄2-year-old girl with a so far unremarkable medical history became comatose during a simple infection. She showed severe

etabolic acidosis without elevation of lactate. In blood the branched-chain amino acids were increased. In urine ketone-

odies, increased 3-OH-isovaleric and 3-OH propionic acid excretion were detected, while methylmalonate was not found. The

rofile of acylcarnitines revealed increased propionylcarnitine. Despite restriction of protein supply, high-caloric nutrition,

orrection of acidosis, and supplementation of biotin and carnitine, the girl died 2 days after admission due to arrhythmia of

he heart. In skin fibroblasts the activity of propionyl–coenzyme A carboxylase (PCC) was markedly decreased. Mutation

nalysis confirmed the diagnosis of propionic acidemia (PA) with compound heterozygosity for 2 new missense mutations

417W/Q293E in the PCCA gene, with the mother carrying the Q293E and the father the L417W mutation. Late-onset PA

hould be included in the differential diagnosis of unclear coma. Determination of the acylcarnitines using tandem mass

pectrometry as well as organic acids in urine is recommended.
2004 Elsevier Inc. All rights reserved.

y
ed b
EC

sists
enes
ly.
t the
uta-

PA.
h pa
g a

nia,
early
3
d in
cin-
mia

ow
such
one
vul-

oge-

ome

ed
story
nor
enc
ribe
was
oun
ed to
ash

g a
eta

ose

i gas
c roma-
t ely.
C and
t og-
r roen-
c hed-
c cting
k ed.

-OH
i
t e of
a itine
( y.

on,
c mg)
a died
2

ced
( The
a to
2 other
2 and
3 nge.

or 2
n and
Q r the
L

H
l
d
S

P
H

ROPIONIC ACIDEMIA (PA, MIM #606054; frequenc
�1:50,000) is an autosomal recessive disorder caus

defect of propionyl–coenzyme A carboxylase (PCC,
.4.1.3). This biotin-dependent mitochondrial enzyme con
f 2 nonidentical subunits alpha and beta encoded by 2 g
CCA (MIM 232000) and PCCB (MIM 232050), respective
he alpha subunit contains the biotin attachment site a
-terminus and a biotin carboxylase domain. So far, 40 m

ions have been found in the PCCA gene in patients with1

ome genotype-phenotype correlation seems to exist, wit
ients carrying null mutations in both alleles usually showin
evere clinical presentation.2

The main clinical findings are vomiting, lethargy, hypoto
nd metabolic ketoacidosis. In about 80% of the patients
linical onset occurs during the neonatal period.3 Propionate,
H-propionate, and methylcitrate are typically increase
ody fluids and serum carnitine is usually low. Hypergly
mia (96%), hyperammonemia (88%), and hyperlysine
57%) may also be present.3 Late-onset PA patients may sh
ymptoms similar to those of patients with neonatal onset,
s recurrent episodes of vomiting, acidosis, and hyperamm
ia, and they may develop muscular hypotonia and con

ions. The clinical picture of late-onset PA is more heter
ous,4 and descriptions of fatal late-onset cases are rare.5,6. We
escribe an unusual case of late-onset PA with fatal outc

CASE REPORT

The 41⁄2-year-old girl was the only child of an unrelat
ealthy German couple. Pregnancy, birth, and medical hi
ere unremarkable. Her psychomotor development was
al. The patient had been referred to our outpatient emerg
nit 4 weeks before the episode of decompensation desc
elow, with purpura of both legs and arthritis. This episode
receded by an upper respiratory tract infection. Platelet c
nd coagulation were normal. The skin rash was consider
e Henoch-Scho¨nlein purpura, and after 1 to 2 weeks the r
isappeared spontaneously.
At the age of 41⁄2 years she became comatose durin

ommon upper airway infection. She showed a severe m
olic acidosis (pH 6.9; base excess [BE]�25.5 mmol/L, HCO3

mmol/L, anion gap 27 mmol/L, lactate normal, gluc

ormal). Hyperammonemia of 198�mol/L was found. Intox-
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cation with ethylenglycol or methanol was excluded by
hromatography–mass spectrometry (GCMS) and gas ch
ography–flame ionization detection (GC-FID), respectiv
ounts of leukocytes, especially neutrophils, hemoglobin,

hrombocytes in blood, CSF analysis, brain computed tom
aphy scan, and echocardiography were normal. An elect
ephalogram showed generalized delta activity. Branc
hain amino acids were markedly elevated, probably refle
etosis, while glycine and lysine were only slightly elevat
In urine ketone bodies, an increased concentration of 3

sovaleric acid (630 mmol/mol creatinine; normal,�67) and a
race of 3-OH propionate were found by GCMS. The profil
cylcarnitines revealed an increased level of propionylcarn
11.9 �mol/L; normal,�3.5) by tandem mass spectrometr

Despite restriction of protein supply, high-caloric nutriti
orrection of acidosis, and supplementation of biotin (100
nd carnitine (100 mg/kg per day intravenously), the girl
days after admission due to cardiac arrhythmia.
In skin fibroblasts propionate incorporation was redu

1.91 nmol/mg protein in 16 hours; normal, 4.33 to 28.9).
ctivity of PCC (3 pmol/min per mg protein; normal, 287
,150) was markedly decreased, while the activities of the

mitochondrial carboxylases, pyruvate carboxylase
-methylcrotonyl CoA carboxylase, were in the normal ra
Mutation analysis revealed compound heterozygosity f

ew missense mutations in the PCCA gene, L417W
293E. The mother carries the Q293E and the fathe
417W mutation.
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ares, Facultad de Ciencias, Universidad Autónoma de Madrid, Ma-
rid, Spain; Department of Paediatrics, University of Basel, Basel,
witzerland; and Screeninglab, Hannover, Germany.
Submitted October 8, 2003; accepted December 17, 2003.
Address reprint requests to Thomas Lücke, MD, Department of
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DISCUSSION

In about 80% of decribed PA patients, clinical onset occurs
n the neonatal period with a classical clinical picture of vom-
ting, lethargy, neurologic symptoms, and keto-acidotic
oma.3,4 In these patients mortality is much higher than in the
ate-onset group.7 The clinical and biochemical picture of late-
nset PA is more heterogenous.4 Late-onset PA patients are
ound to suffer from abnormal psychomotor development more
ften than early-onset PA patients and show mental and psy-
hological disabilities.4 In addition, patients with late-onset PA
ften show severe movement disorders.7 Extrapyramidal symp-
oms such as dystonia or choreoathetosis were described in a
9-year-old man who presented with an adult-onset chorea8 and
ven in PA patients without obvious acute episodes of meta-
olic decompensation.9 These clinical findings are in line with
euroradiological10 and neuropathological11 observations
howing a high frequency of basal ganglia lesions in late-onset
A patients.10 A fatal acute basal ganglia infarction has been
escribed in an 8-year-old girl with PA during metabolic de-
ompensation.5 Furthermore Pérez-Cerdá reported a 5-year-old
oy with fatal necrosis of basal ganglia after a period of clinical
eterioration.6

Pathophysiologically, an accumulation of toxic metabolites
eems to impair mitochondrial energy production, especially in
egions of the brain with a high rate of aerobic (mitochondrial)
etabolism, such as basal ganglia.12 “Metabolic decompensa-

ion” can be triggered by protein overload or febrile infections
r prolonged fasting with accumulation of toxic substances.
Toxic substances have been shown to cause hyperammone-
ia in PA by inhibiting urea cycle enzymes.13 Accumulation of

-OH isovaleric acid in our patient is probably a secondary
henomenon, as well as due to a backflow of metabolites in the

atabolic pathway of leucine caused by secondary inhibition of s
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itochondrial function and/or activation of alternative meta-
olic pathways.
The case reported here is unusual in that the medical history

as unremarkable until the girl became comatose during an
nfection and died. Similar to the patient described by Pérez-
erdá et al,6 our patient had normal physical and psychomotor
evelopment until her fatal decompensation. In contrast, there
as no evidence of basal ganglia damage either clinically or
euroradiologically despite severe metabolic acidosis and hy-
erammonemia, at least in the short term.
It remains unclear whether the purpura seen in this patient

hortly before the acute decompensation was related to toxic
etabolites accumulating in PA. In this context a so-called

ermatitis acidemica has been reported in about 27% of PA
ases.3

Some evidence for a genotype-phenotype correlation in PA
xists since there is a tendency for null mutations to be related
o the severe form and missense mutations to be related to the
ate-onset and mild forms of PA.2 Interestingly, mutation anal-
sis in our patient revealed compound heterozygosity for 2 new
issense mutations. The boy with fatal late-onset PA published

y Pérez-Cerdá et al was compound heterozygous for 2 muta-
ions in the PCCB gene carrying a point mutation 1228 C3T
n one allele and an in-frame 108-bp deletion on the other
llele.6 Unfortunately, more information on the nature of mu-
ations in other cases with fatal late-onset PA is lacking in the
iterature.

CONCLUSION

Late-onset PA should be considered in cases of unclear
oma. Determination of organic acids in urine and acylcar-
itines in blood using tandem mass spectrometry is recom-
ended. Phenotypic variability observed in late-onset PA is
till not fully understood.
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