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Summary Spastic paraparesis is a general term describ-

ing progressive stiffness and weakness in the lower

limbs caused by pyramidal tract lesions. This clinical

situation is frequently encountered in adult neurology.

The diagnostic survey is usually limited to searching for

acquired causes (spinal cord compression, inflammatory,

metabolic, infectious diseases) and the so-called

Fhereditary spastic paraparesis_. Although poorly recog-

nized by neurologists, spastic paraparesis is also one

of the multiple presentations of inborn errors of

metabolism (IEMs) in children and adults. Pyramidal

signs are usually included in a diffuse neurological or

systemic clinical picture; however, in some cases spastic

paraparesis remains the only symptom for years. Since

these metabolic causes are often treatable, it is essential

to include them in the general diagnostic approach to

spastic paraparesis. Here we review IEMs causing para-

paresis in adults.

Abbreviations

CblC cobalamin C disease

HSP hereditary spastic paraparesis

IEM inborn error of metabolism

MTHFR methylene tetrahydrofolate reductase

NKH nonketotic hyperglycinaemia

Introduction

Spastic paraparesis is a general term describing pro-

gressive stiffness and weakness in the lower limbs. The

main acquired causes of spastic paraparesis include

spinal cord compression by various processes (mainly

cervical arthrosis), Finflammatory_ causes (multiple

sclerosis, sarcoidosis, Goujerot–Sjögren syndrome),

infections (HIV, HTLV1), and acquired metabolic

diseases (B12 and folate deficiencies).

Hereditary spastic paraparesis (HSP) constitutes a

heterogeneous group of genetic diseases that cause a

length-dependent axonal degeneration of the pyrami-

dal tracts (Fink 2003). To date, around 30 different
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genetic loci have been identified with various modes of

inheritance. Types of HSP are clinically classified as

uncomplicated (or pure) when symptoms are limited

to spastic paraparesis (often accompanied by urinary

urgency and subtle signs of dorsal column impairment)

and as complicated (or syndromic) when other neuro-

logical or systemic signs exist. Examples of additional

signs are thin corpus callosum, peripheral neuropathy,

leukoencephalopathy, cerebellar atrophy, mental re-

tardation, cataract or macular degeneration. In adults,

pure HSP is often caused by mutations in the SPG4

gene, which account for 15–40% of all autosomal

dominant HSP and around 10% of apparently sporadic

cases (Depienne et al 2006). Complicated autosomal

recessive HSP with corpus callosum atrophy, peripheral

neuropathy, mild mental retardation and leukoence-

phalopathy is another frequent phenotype caused by

mutations in the SPG11 gene (Stevanin et al 2007).

Other types of HSP are far less common and the cause

of a large proportion of spastic paraparesis remains

unknown.

Motor neurons forming pyramidal tracts are extraor-

dinarily long cells, and their energy and transport

requirements render these cells particularly vulnerable

to degenerative or metabolic disorders. It is therefore

not surprising that many inborn errors of metabolism

(IEMs) can provoke spastic paraparesis. Mechanisms

responsible for pyramidal tract lesions include com-

plex molecule metabolic disorders that interfere with

myelin metabolism (metachromatic leukodystrophy,

Krabbe disease, homocysteine remethylation defect,

adrenomyeloneuropathy), endogenous intoxication by

small toxic metabolites (arginase deficiency, triple H

syndrome, phenylketonuria), or defects in energy

production (biotinidase deficiency). These metabolic

causes are poorly known by physicians and are not

mentioned in reviews dedicated to HSP. However,

their diagnosis is important because genetic counsel-

ling can be provided and, in some cases, specific

treatments exist that may slow or even reverse clinical

signs (Saudubray et al 2006; Sedel et al 2007). The

pattern of inheritance is often autosomal recessive but

apparently sporadic cases are common. The clinical

picture is usually not restricted to pyramidal signs and is

more closely related to the Fcomplicated_ phenotype;

however, in some cases spastic paraparesis remains

isolated for years.

Here, we will review IEMs in which spastic para-

paresis is a prominent component of the clinical

picture. We will focus on late-onset forms which can

be encountered in an adult neurology department.

These include diseases that truly begin in adulthood as

well as mild forms with childhood onset.

Disorders of intermediary metabolism

Homocysteine remethylation defects

Spastic paraparesis can be a presenting sign of homocys-

teine remethylation defects. Involvement of the pyrami-

dal tracts is due to demyelination caused by a deficiency

in S-adenosylmethionine (AdoMet). AdoMet is neces-

sary to methylate the myelin basic protein and certain

lipids of the myelin sheath (Powers et al 2001; Surtees

1998). The diagnosis of homocysteine remethylation

defects is suggested by a combination of hyperhomocys-

teinaemia (usually above 100 mmol/L) with normal or low

blood methionine. The two main causes in adulthood are

methylene tetrahydrofolate reductase (MTHFR) defi-

ciency and cobalamin C disease (CblC) (reviewed in

Ogier de Baulny et al 1998; Rosenblatt and Fenton 2001).

In patients with MTHFR deficiency, folates are usually

low, whereas in CblC, there is methylmalonic aciduria and

eventually red cell macrocytosis.

Late-onset forms often begin with psychiatric signs

(depression or psychosis) that may remain isolated for

years or decades (Freeman et al 1975; Roze et al 2003).

These may be followed by acute or subacute paraple-

gia (subacute combined degeneration of the spinal

cord), polyneuropathy, confusion and eventually coma.

Thromboembolic complications caused by chronic

hyperhomocysteinaemia including cerebral strokes

may be observed (Visy et al 1991). In addition, several

patients have been reported who initially presented

with an isolated spastic paraparesis (Haworth et al

1993; Powers et al 2001; Roze et al 2003). In most cases,

the paraplegia became nearly complete within several

months and rapidly led to tetraplegia and signs of

bladder, proprioceptive and cognitive dysfunction.

However, in some instances, spastic paraparesis remained

slowly progressive for years (Haworth et al 1993; Roze

et al 2003). Various combinations of betaine, folinic acid

and hydroxocobalamin (Ogier de Baulny et al 1998) are

very effective in halting disease progression, resolving

psychiatric signs and cognitive dysfunction. However,

spastic paraparesis is less responsive and when paraplegia

has occurred it is usually permanent.

Urea cycle disorders and related disorders

Although episodes of hyperammonaemic encephalop-

athy constitute the classical presentation of urea cycle

disorders (and related disorders such as citrullinaemia

type II or triple H syndrome), two disorders—arginase

deficiency and triple H syndrome—also involve pyra-

midal tracts. The reasons for these specific lesions are

still unknown.
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Arginase deficiency. Arginase is the last enzyme of

the urea cycle and is necessary for the transformation

of arginine into urea and ornithine. First symptoms

of arginase deficiency are often noted between 2 and 4

years of age and usually consist of a progressive spastic

paraparesis (Crombez and Cederbaum 2005). In some

cases, paraparesis may appear in adolescents or young

adults (Cowley et al 1998; Crombez and Cederbaum

2005). Intellectual disability and seizures may be

observed. Only a minority of patients exhibit signs of

protein intolerance and ammonia is often normal or

mildly increased. A low-arginine diet and the use of

ammonia chelators such as sodium benzoate can

stabilize, prevent or even improve the neurological

signs (Crombez and Cederbaum 2005).

Hyperornithinaemia–hyperammonaemia–homoci-

trullinuria (triple H syndrome) is due to a defect of

ornithine transport through the mitochondrial mem-

brane caused by mutations in the ORNT1 gene. It can

present at any age from the neonatal period through

adulthood with a progressive spastic paraparesis

(Miyamoto et al 2002; Salvi et al 2001). Protein

intolerance and acute episodes of vomiting, confusion

or coma due to hyperammonaemia are usually present.

Other neurological features include mental retardation

(which may not be present), seizures and cerebellar

ataxia.

Biotinidase deficiency

Biotinidase deficiency is responsible for a defect in the

endogenous recycling of biotin, a cofactor of several

carboxylases implicated in the catabolism of branched-

chain organic acids, gluconeogenesis and fatty acid

synthesis. There is great phenotypic variability, from a

severe childhood-onset multisystemic disorder to

asymptomatic adults (Baykal et al 2005). These

asymptomatic carriers are at risk of developing symp-

toms at any age. For instance, a few adolescents were

reported who presented with acute visual loss due to

bilateral optic atrophy and progressive paraparesis due

to upper and lower motor neuron disease (Ramaekers

et al 1993; Tokatli et al 1997; Wolf et al 1998). Some

patients also exhibited skin rashes or hearing loss.

Importantly, neurological and visual signs improved

with low doses of biotin (Ramaekers et al 1993).

Phenylketonuria

Phenylketonuria is diagnosed with newborn screening

programmes in most developed countries. Treatment

with early dietary restriction of phenylalanine has

greatly improved the prognosis of children with PKU.

Most guidelines propose maintenance of the diet until

16 years of age. However, after discontinuation of the

diet, a small proportion of adult patients may present

with pyramidal tract signs or spastic paraparesis

(McCombe et al 1992). Other neurological signs

include cognitive deficits, dorsal column sensory loss,

tremor and leukoencephalopathy. In addition, a few

adult patients who escaped neonatal screening pre-

sented with a progressive spastic paraparesis (Kasim et

al 2001; Weglage et al 2000). Other signs included

dementia and optic atrophy. Symptoms improved after

introduction of a low-phenylalanine diet (Kasim et al

2001).

Nonketotic hyperglycinaemia (NKH)

NKH is due to a defect in the glycine cleavage system

leading to an endogenous intoxication with glycine.

NKH usually presents with a severe encephalopathy

in infancy. A few patients exhibited mild mental

retardation and hypotonia in early childhood followed

by acute behavioural problems or episodes of confu-

sion and movement disorders in adolescence or

adulthood (Dinopoulos et al 2005). In addition, a few

adults with hyperglycinaemia and hyperglycinuria

presented with a spastic paraparesis beginning in

childhood or adolescence (Bank et al 1972; Steiman

et al 1979). Additional features included optic atrophy,

cerebellar ataxia and lower motor neuron disease.

Since the glycine cleavage system was not investigated,

the cause of hyperglycinaemia is still unclear in these

particular cases presenting with spastic paraparesis

(reviewed in Dinopoulos et al 2005).

Mild forms of dopamine synthesis defects

Mild forms of dopamine synthesis defects are mainly

responsible for the so-called dopa-responsive dystonia,

i.e. focal or generalized dystonia which responds

dramatically to low doses of levodopa.

The most frequent cause is the partial defect in GTP

cyclohydrolase, the first enzyme in the synthesis

pathway of tetrahydrobiopterin BH4 (Segawa et al

2003). In addition to dystonia or parkinsonism, patients

may exhibit pyramidal signs and in some cases,

lower limb dystonia can mimic spastic paraparesis

(Nygaard et al 1990; Kong et al 2001; Patel et al

1995). Exceptional cases of tyrosine hydroxylase

deficiency (Furukawa et al 2001; Schiller et al 2004),

sepiapterin reductase deficiency (Friedman et al 2006),

pyruvoyl tetrahydrobiopterin synthase deficiency

(Tanaka et al 1987) or dihydropteridine reductase
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deficiency (Pogson 1997) have also been reported in

adults. However, most patients described so far

exhibited mental retardation, epilepsy and pyramidal

signs, in addition to the classical Fdopa-responsive

dystonia_.

Cerebral folate deficiency syndrome

Recently, a syndrome of cerebral folate deficiency has

been identified in children with very low 5-methylte-

trahydrofolate concentration in CSF. Clinical signs

arise in early infancy with psychomotor delay, autism,

cerebellar ataxia, spastic paraplegia, movement disor-

ders, epilepsy and microcephaly, followed by optic

atrophy and hearing loss (reviewed in Ramaekers and

Blau 2004). Interestingly, patients with this syndrome

improved with high doses of folinic acid, a stable and

metabolically active form of folate. It is not clear

whether this syndrome represents a distinct inborn

error of metabolism. The fact that all cases described

to date appeared sporadic and the recent finding of

autoantibodies against folate receptors suggest an

acquired autoimmune mechanism (Ramaekers et al

2005). In addition, secondary cerebral folate deficiency

has been observed in association with other disorders

including Aicardi–Goutiere syndrome, Kearns–Sayre

syndrome or Rett syndrome (Ramaekers and Blau

2004). Hansen and Blau (2005) also found cerebral

folate deficiency in a 14-year-old girl who from 3 years

of age exhibited a progressive spastic paraparesis,

mental retardation and dystonia and who improved

after folinic acid supplementation.

Homocarnosinosis

Homocarnosine (g-aminobutyrylhistidine) is a dipep-

tide derived from histidine metabolism, and which is

exclusively localized in the CNS. A single family with

high levels of homocarnosine in the cerebrospinal fluid

has been reported so far (Sjaastad et al 1976). Affected

siblings presented with progressive childhood-onset

spastic paraparesis, mental retardation and retinopathy.

Disorders of complex molecule metabolism

Cerebrotendinous xanthomatosis

Cerebrotendinous xanthomatosis is a recessive autoso-

mal disorder due to a defect in the mitochondrial

enzyme sterol 27-hydroxylase involved in the synthesis

of bile acids from cholesterol. The disease sometimes

presents in childhood with nonspecific learning diffi-

culties, juvenile cataracts, epilepsy and eventually

chronic diarrhoea. Other signs of the disease typically

appear between the 2nd and 4th decades and include

tendon xanthomata, progressive spastic paraparesis,

cerebellar ataxia, psychiatric signs, cognitive deficit

and a sensorimotor demyelinating or axonal polyneur-

opathy (Verrips et al 2000). Brain MRI typically shows

high signal on T2-weighted sequences involving den-

tate nuclei of the cerebellum, globus pallidus, cortico-

spinal tracts and the periventricular white matter

(Barkhof et al 2000). In addition, a spinal form of the

disease termed Fspinal xanthomatosis_ has been de-

scribed in seven patients aged between 20 and 35 years

who exhibited progressive spastic paraparesis with

signs of proprioceptive dysfunction (Verrips et al

1999). All these patients had a history of juvenile

cataracts but only one displayed tendon xanthomata.

Spinal cord MRI showed a high T2-weighted signal of

posterior columns and pyramidal tracts.

Peroxisomal diseases

Adrenoleukodystrophy (ALD) is an X linked recessive

disorder due to a defect in the adrenoleukodystrophy

protein involved in the peroxisomal transport of very

long-chain fatty acids (Moser et al 2007). In adult

males, the most frequent phenotype is adrenomyelo-

neuropathy (AMN), which represents around 40% of

all forms of adrenoleukodystrophy. The presentation is

that of a progressive spastic paraparesis with mild

additional features including proprioceptive signs,

signs of bladder dysfunction, and a mild axonal

peripheral neuropathy. MRI can show high T2-weight-

ed signal in the pyramidal tracts or more diffuse signal

abnormalities (Aubourg et al 1992). After a mean of

10 years, around 20% of patients with AMN will

progress into a more severe and rapidly progressing

form of the disease called cerebral ALD (Van Geel

et al 2001). Furthermore, adrenal insufficiency is

present in around 70% of cases. Heterozygous women

may remain asymptomatic, but in more than 50% of

cases they present signs of mild myelopathy including

brisk tendon reflexes or decreased pallaesthesia. In

15% of cases they will develop a truly progressive

spastic paraparesis with first symptoms around the

fourth decade. Peripheral neuropathy is usually absent

in heterozygotes and there is virtually no risk of

cerebral involvement or of adrenal insufficiency

(Moser et al 2007). Dietary therapy with Lorenzo_s oil

normalizes the concentration of very long-chain fatty

acids. Recent open studies have suggested that it could
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prevent the occurrence of cerebral lesions in asymp-

tomatic boys, and slow the disease progression in adults

with adrenomyeloneuropathy (Moser et al 2007).

a-Methylacyl-CoA racemase deficiency results in a

failure to metabolize peroxisomal bile acid intermedi-

ates and pristanic acid. In their first description of the

disease, Ferdinandusse and colleagues (2000) reported

the case of a 48-year-old woman with a progressive

spastic paraparesis and a demyelinating polyneurop-

athy on electroneuromyographic studies.

Lysosomal diseases

Krabbe disease is caused by a deficiency in galactocer-

ebrosidase. Accumulation of galactocerebroside and

galactosylsphingosine upstream of the metabolic block

Following situations suggest an IEM : (1) Other causes excluded, (2) acute or 
subacute onset, (3) diffuse clinical picture with other neurological or systemic signs, 

(4) recessive or X linked inheritance

Chronic
Homocysteine re methylation defects
Adrenomyeloneuropathy
Cerebrotendinous xanthomatosis
Triple H
Phenylketonuria
Trial with Levodopa?, folinic acid?, biotin?

Acute or subacute
Homocysteine remethylation defects
Arginase deficiency
Biotinidase deficiency

If not already done: general clinical examination, MRI, 
ophthalmologic examination, electro neuro myographic studies

Association with other signs (see table 2) Isolated spastic paraparesis

Specific molecular analysis 
(mainly SPG4 and SPG11 

mutations)

No

search for "inflammatory" (multiple sclerosis, 
sarcoidosis, Goujerot Sjögren), infectious (HIV,   

HTLV1, parasites, Lyme), acquired metabolic (B12, 
folates)

Yes

Patient with a spastic paraparesis

Is Familial history informative ?

Exclude spinal cord compression

Fig. 1 Diagnostic approach in an adult patient with spastic paraparesis
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is toxic for oligodendrocytes and usually causes a

severe leukodystrophy in children. Several patients

with an adult-onset form of the disease have been

reported (see, for example, Farina et al 2000; Fontaine

et al 2003; Henderson et al 2003). In most cases, the

clinical picture was a progressive spastic paraparesis,

eventually associated with pes cavus, peripheral demy-

elinating motor neuropathy, decreased proprioceptive

sensation, bulbar signs and increased cerebrospinal

fluid protein levels. Brain MRI usually showed a

characteristic leukoencephalopathy involving pyrami-

dal corticospinal tracts, the splenium of the corpus

callosum and the parietal and peritrigonal white

matter. In addition, Bajaj and colleagues (2002)

reported two siblings with progressive spastic para-

paresis and mild sensory signs in the lower limbs but

no abnormalities on brain MRI and electroneuromyo-

graphic studies.

Metachromatic leukodystrophy is caused by a defi-

ciency in arylsulfatase A which catabolizes sulfatide.

Progressive sulfatide storage causes myelin instability

and oligodendrocyte toxicity. Adult-onset forms have

been estimated to represent 20% of cases (Rauschka

et al 2006). These late-onset forms often begin with

psychiatric signs that may remain isolated for years.

Other signs include spastic paraparesis, cognitive

dysfunction, cerebellar ataxia, seizures, optic atrophy

and a poorly symptomatic demyelinating peripheral

neuropathy (Baumann et al 1991). Rauschka and

colleagues (2006) have reported that patients with a

P426L mutation in homozygous form displayed pre-

dominant spastic paraparesis or cerebellar ataxia at

onset, followed by cognitive and psychiatric signs later

on. In all cases, brain MRI showed a specific bilateral

periventricular leukodystrophy sparing U fibres and

predominating in frontal lobes.

Sjögren–Larsson syndrome

Sjögren–Larsson syndrome is caused by deficiency of

fatty aldehyde dehydrogenase, involved in the catabo-

lism of fatty aldehydes. This syndrome usually begins in

infancy with severe ichthyosis, spastic paraparesis and

mental retardation followed by a macular dystrophy

with retinal dots and a leukoencephalopathy on brain

MRI. However, cutaneous signs can remain isolated for

years and spastic paraparesis may appear in adulthood

(Willemsem et al 2001a). Zileuton, an inhibitor of

leukotriene synthesis, is an effective treatment of the

cutaneous symptoms (pruritis) and may be beneficial

for the neurological disease (Willemsen et al 2001b).

Polyglucosan body disease

Polyglucosan body disease is defined neuropathologi-

cally by the presence of periodic acid–Schiff (PAS)-

Table 2 Subdivision of metabolic causes of spastic paraparesis according to associated signs

Sign Cause

With episodes of confusion/nausea or vomiting CblC, MTHFR, triple H, arginase deficiency

With leukoencephalopathy CTX, CblC, MTHFR deficiency, metachromatic leukodystrophy, Krabbe disease,

AMN, polyglucosan body disease, phenylketonuria

With polyneuropathy CTX, MTHFR deficiency, CblC, Krabbe disease, a-methyl-CoA racemase

deficiency, metachromatic leukodystrophy, biotinidase deficiency, AMN,

biotinidase deficiency, polyglucosan body disease

With cerebellar ataxia CTX, HHH syndrome

With visual findings CblC (retinitis pigmentosa, optic nerve atrophy), CTX (cataract), biotinidase

deficiency, phenylketonuria (optic neuropathy), homocarnosinosis,

Sjögren–Larsson (retinopathy)

With cutaneous signs CTX (xanthomas), biotinidase deficiency (alopecia, dermatitis),

Sjögren–Larsson (ichthyosis), ALD/AMN (melanoderma)

With psychiatric signs MTHFR deficiency, CblC, CTX, metachromatic leukodystrophy, ALD

With mental retardation CblC, MTHFR, triple H, CTX, homocarnosinosis, Salla disease

With dystonia Dopamine synthesis defects

With visceral signs CTX (chronic diarrhoea), arginase deficiency, triple H (episodes of nausea,

vomiting), adrenal insufficiency (AMN, ALD)

ALD, adrenoleukodystrophy; AMN, adrenomyeloneuropathy; CblC: cobalamin C disease; CDG, congenital defects of glycosylation;
CTX, cerebrotendinous xanthomatosis; LCHAD, long-chain hydroxyacyl dehydrogenase deficiency; MTHFR, 5,10-methylenetetra-
hydrofolate deficiency; PBD, peroxysome biogenesis disorders; PDH, pyruvate dehydrogenase deficiency; RCD, respiratory chain
disorders; TF, trifunctional protein deficiency.
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positive inclusions containing glycogen in the central

and peripheral nervous system. The mode of transmis-

sion is usually autosomal recessive and, in certain

cases, mutations were found in the gene coding for the

glycogen branching enzyme (Sindern et al 2003). The

phenotype associates signs of pyramidal degeneration

(progressive spastic paraparesis) with signs of lower

motor neuron involvement, urinary disturbance, pro-

gressive dementia and leukodystrophy on brain MRI.

Other signs include parkinsonism and polyneuropathy

(Trivedi et al 2003). The diagnosis is based on the

demonstration of polyglucosan accumulation on a

peripheral nerve or an axillary skin biopsy.

Diagnostic approach to patients with spastic

paraparesis

Spastic paraparesis is frequently encountered in adult

neurology. After the elimination of common acquired

causes and, eventually, genetic causes (see Fig. 1),

clinical features suggesting an IEM must be recog-

nized. This is the case when motor weakness appears

acutely or subacutely and is associated with signs of a

metabolic attack (alteration of consciousness, nausea,

vomiting), when clinical signs are triggered by specific

situations (surgery) or when there is involvement of

multiple neurological functions or organs (for exam-

ple, leukodystrophy, strokes, tendon xanthomata, ocu-

lar involvement, adrenal insufficiency, megaloblastic

anaemia; see Table 2).

If spastic paraparesis remains apparently isolated,

other clues should be looked for by performing brain

MRI, nerve electrodiagnostic studies and ophthalmo-

logical examination. Metabolic investigations should

then be informed by specific signs (see Table 2).

If spastic paraparesis is indeed pure, the question is

still open whether some metabolic investigations

should automatically be performed. The decision to

make metabolic investigations should be balanced by

several considerations: (1) Metabolic investigations are

expensive and time consuming. (2) A systematic

screening of IEMs in patients with isolated spastic

paraparesis will certainly give a very low diagnostic

yield. These negative points should be counterbal-

anced by the facts that (i) some IEMs may manifest as

an isolated spastic paraparesis, before the occurrence

of more specific symptoms; and (ii) some of the IEMs

causing spastic paraparesis are treatable and these

treatments are usually more effective if given at an

early stage of the disease. Thus, being too restrictive in

metabolic investigations would probably miss rare but

treatable disorders.

Some disorders begin with an isolated spastic para-

paresis and it is important to measure plasma very

long-chain fatty acids, and total homocysteine, and

make a trial of levodopa in all patients with an

unexplained spastic paraparesis. Plasma ammonia,

amino acid chromatography and cholestanol are other

investigations that lead to the diagnosis of treatable

disorders. However, the last are almost always associ-

ated with other specific signs (Tables 1 and 2).
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