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ABSTRACT

A number of metabolic disorders that affect thet@@mervous system can present in
childhood, adolescence or adulthood as a phenoabgynajor psychiatric syndrome
such as psychosis, depression, anxiety or maniaundlerstanding and awareness of
secondary syndromes in metabolic disorders is edtgimportance as it can lead to
the early diagnosis of such disorders. Many ofs¢éhenetabolic disorders are
progressive and may have illness-modifying treats@vailable. Earlier diagnosis
may prevent or delay damage to the central nengystem and allow for the

institution of appropriate treatment and appropriamily and genetic counselling.

Metabolic disorders appear to result in neuropsidiai illness either through
disruption of late neurodevelopmental processestacheomatic leukodystrophy,
adrenoleukodystrophy, GM2 gangliosidosis, Niemaiuk-Bype C, cerebrotendinous
xanthomatosis, neuronal ceroid lipofuscinosis, @ptia mannosidosis) or via chronic
or acute disruption of excitatory/inhibitory or nuwaminergic neurotransmitter
systems (acute intermittent porphyria, maple synipe disease, urea cycle disorders,

phenylketonuria and disorders of homocysteine nuditah).

In this manuscript we review the evidence for neayehiatric illness in major
metabolic disorders and discuss the possible mddelsow these disorders result in
psychiatric symptoms. Treatment considerations diseussed, including treatment
resistance, the increased propensity for sidesffend the possibility of some

treatments worsening the underlying disorder.



INTRODUCTION

Metabolic disturbance can have wide-ranging effectshe central nervous system
(CNS), as highly metabolically active neurons amdably sensitive to derangements
in metabolic processes (Schreiber and Baudry, 198&§ruption to metabolic
processes results in marked disruption to normad @hiction and development, with
presentations ranging from gross neurodevelopmeligalption, seizures and coma
when disruption is severe, to intermittent and/fobtle cognitive and behavioural
disturbance when disruption is mild. Inborn errofsmetabolism (IEM) result from
the absence or deficiency of an intrinsic comporméra metabolic pathway, often an
enzyme, which disrupts cellular function due to @mment in synthesis of cellular
components essential to neuronal function, or theumulation of neurotoxic
substances (Saudubray, 2009). Many IEMs have ateddorms that present for the
first time in adulthood (Sedel et al., 2007) withpueceding overt clinical symptoms
in childhood. Three quarters of all psychiatrinéss presents prior to the age of 24
(Kessler et al., 2005) and the majority of thessoiers have strong genetic and
biological underpinnings (Inoue and Lupski, 2008%ould be therefore expected that
IEMs that present in adolescence or early adultheitichave a greater likelihood of

presenting with psychiatric illness (Walterfangkt 2009b).

It has long been recognised that mental ilinessreaalt directly from organic brain
disease and that psychiatric disorder may be thegdresentation of a more systemic
illness (Lipowski, 1984). A number of brain disorslecan produce an accurate
phenocopyof psychiatric illness, where the presentationndistinguishable from a
primary psychiatric disorder. As many disorderstticause organic psychiatric
syndromes have their own definitive non-psychiattieatment, many of the
secondary psychiatric syndromes may be partiallytadally reversible. This is
particularly true in metabolic disorders, many dfiigh are treatable with dietary
modification, enzyme replacement, or other spetiftchemical therapy. Awareness
of the types of disorders that may present as atyahillness phenocopies and their
associated physical, cognitive or neurological comitants allow clinicians to
recognise an underlying systemic or metabolic dfeConversely, failure to

recognise the underlying illness whilst focussing toeatment for the secondary



psychiatric syndrome alone can delay the institutdd appropriate treatment and

result in potentially irreversible CNS change.

The purpose of this review is to describe the mapmtabolic disorders that are
associated with secondary psychiatric illness. Gitl&at most psychiatric illness has
its onset in adolescence or early adulthood, ocudas on disorders that present in or
persist into adulthood. We will then propose a namdf neurobiological models that
allow an understanding of how metabolic disordens result in secondary psychiatric

syndromes and describe general principles of maneageof these syndromes.



METACHROMATIC LEUKODYSTROPHY

In younger patients with metachromatic leukodygtsogMLD, OMIM: 250100),
seizures, mental retardation and motor symptomslopnenate while psychiatric
manifestations and dementia frequently present poianotor or cognitive symptoms
in adult-onset patients. The adult form presentsnasof two distinct phenotypes, one
with a predominantly motor (cerebello-pyramidalegentation and the other with a
predominantly psychiatric presentation. The laéippears to be strongly associated
with the 1179S mutation (Rauschka et al., 2006). tdhalf of patients with onset
between 10 and 30 years of age present with psgcéynptoms, including auditory
hallucinations, delusions, formal thought disordend catatonia (Rosebush et al.,
2010). As the illness progresses, other neurolbggaptoms supervene, including
seizures, chorea or dystonia. Neurological symptaeormmonly presenafter the
development of psychiatric symptoms (Black et &003; Hyde et al., 1992;
Rosebush et al., 2010). Patients often present atténtional disturbance, reduced
speed of processing and executive impairment, &yt reduced frontal-subcortical
connectivity (Shapiro et al., 1994). Some adultednpatients may initially be
diagnosed as frontotemporal dementia (Kozian et 2007). MRI generally
demonstrates typical confluent periventricular whitmatter changes sparing
subcortical U-fibres, with leukodystrophy frequgntshowing a frontotemporal
preponderance with only minimal involvement of gmewatter (Reider-Grosswasser
and Bornstein, 1987).

Adolescent/adult MLD provides an intriguing modek fthe understanding of the
neurobiology of psychosis, as it interrupts mydilirea processes that occur during
this critical period of neurodevelopment, in partér frontotemporal myelination
(Hyde et al., 1992; Walterfang et al., 2005). Amnfotemporal connectivity is known
to be impaired at both structural and functionakls in schizophrenia (Friston and
Frith, 1995; Pettersson-Yeo et al.,, 2011), the wmigredilection of MLD for
frontotemporal anatomical connections appears tmfeto its psychotogenic
propensity. This suggests that any CNS process thirrupts the normal
development of connectivity between these corticagions in this crucial

“psychotogenic window” can produce psychosis (Blatkl., 2003; Walterfang et al.,



2005). It is notable that some treatment-refractmatients with schizophrenia have
been shown to have ASA pseudo-deficiency or inteiate ASA levels (Fluharty,

1990), suggesting that this may be an independsktfactor in the population for

psychotic illness.



GM2 GANGLIOSIDOSIS: TAY-SACHS DISEASE

In Tay-Sachs disease (TSD, OMIM: 272800) ,HEX-A idehcy in lysosomes
impairs the catabolism of gangliosides from theraeal cell membrane, resulting in
accumulation of lysosomal gangliosides. This result neuronal ultrastructural
change, particularly axon hillock outgrowth to formeganeurites with ectopic
dendritogenesis (Purpura and Suzuki, 1976) andab&pheroids (Walkley, 1988),
which may alter neuron-to-neuron microconnectivititially before neuronal death
occurs. Neurons in the thalamus, substantia nigeagbellum and brainstem are
particularly affected (Suzuki, 1991). Unlike eadgset cases, late-onset patients’

cortical neurons show little to no excess gangliestorage (Kornfeld, 2008).

The neurological presentation of late-onset TSyuge variable and no distinct
phenotype-genotype correlations exist (Federico akt 1991a). Patients will
frequently present with gait disturbance, dysaattand tremor (MacQueen et al.,
1998). Many patients have normal or near-normahitvg function (MacQueen et
al., 1998), although subtle deficits in executiuadtion, processing speed and verbal
memory may be present in up to half of patientstéih et al., 2008; Frey et al., 2005;
Zaroff et al., 2004). Neuroimaging findings in TSi@scribe cerebellar atrophy in
most patients (Frey et al., 2005; Neudorfer et28lQ5; Streifler et al., 1989), although
cerebral atrophy may be present in up to a quaftgratients (Frey et al., 2005).
Diagnosis generally rests on demonstration of aaftchexosaminidase activity.

Neuropsychiatric presentations occur in up to rdiflate onset TSD patients

described in unselected series (Gravel et al., P0f1dd the most common

neuropsychiatric presentation is psychosis (Frewylet2005; Navon et al., 1986;

Neudorfer et al.,, 2005; Oates et al., 1986; Seeittt al., 1993). The rate of
schizophrenia-like psychosis in late-onset TSDepds ranges from 30% (Oates et
al., 1986) to 50% (Navon et al., 1986). In a reviefaall published cases prior to
1998, a conservative estimate of prevalence ofhassis in late-onset patients was
one third (MacQueen et al.,, 1998). Catatonia mayhieeinitial presenting feature

(Renshaw et al.,, 1992; Rosebush et al.,, 1995; fletreet al., 1989). Mania or

depression has also been described (Argov and Nd@&4; Federico et al., 1991b;
Hamner, 1998).



The treatment of psychosis in TSD can be problematith often only partial
response to neuroleptics and mood stabilisers asdhhium (Hurowitz et al., 1993;
MacQueen et al., 1998; Rosebush et al., 1995;fBtrait al., 1989). Importantly,
patients with late-onset TSD are exquisitely séresito the motor side-effects of
typical neuroleptic medications (Manor et al., 19R@sebush et al., 1995; Streifler et
al., 1989). For severe psychotic or affective #lseelectroconvulsive therapy (ECT)
appears to be a safe and effective treatment (Htrat al., 1993; Renshaw et al.,
1992).
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ADRENOLEUKODY STROPHY

In X—linked adrenoleukodystrophy (ALD, OMIM: 30010QGhe adult cerebral form
shows a predilection for neuropsychiatric presémtat Demyelinative changes are
most prominent in parietal and occipital cortexnasdl as the thalamus, callosum and
brainstem (Patel et al., 1995), although more &nteprtical regions can be involved
in a minority of patients (Castellote et al., 1998acDonald et al., 1984). MRI
generally shows symmetrical hyperintensity begigrimthe posterior callosum and
spreading into parieto-occipital regions on T2-vieggl imaging (Poll-The and
Gartner, 2012).

At presentation, the majority of adult-onset cea¢bALD patients present with
psychiatric disturbance, most commonly behaviodnainges (Rosebush et al., 2010).
Mania and affective psychosis appear to be the mostmon neuropsychiatric
presentations, more so than schizophreniform #essalthough the latter do occur
(Rosebush et al.,, 2010; Walterfang et al., 200%tieRts are not infrequently
treatment-resistant (Rosebush et al., 2010). Adlib, psychiatric presentations in
ALD may precede frank motor or cognitive changesbme years (Rosebush et al.,
1999).

The andrenomyeloneuropathy (AMN) form of ALD, the@shcommon form of ALD
amongst adults and long thought to affect onlygbgpheral nervous system, subtle
cerebral manifestations of the disorder are oftersgnt, and the rate of depressive
illness appears to be elevated at least two-foldl{®fang et al., 2007). Some
patients may present with mood changes subsegaetrénal insufficiency, which
reverse with appropriate corticosteroid replacenteetapy. As patients progress,
most will develop significant neuropsychologicaktdrbance, characterised by a
frontal-subcortical pattern of impairment (Luda a@arisone, 2001), a pattern which
may also appear in an attenuated form in many AMbiepts (Edwin et al., 1990). As
in MLD, when white matter changes occur in antedortical regions, patients may
present with a clinical presentation that initiallyay be indistinguishable from
frontotemporal dementia (Inoue et al., 2012).
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NIEMANN-PICK TYPE C DISEASE

Niemann-Pick Type C disease (NPC, OMIM: 607625) ¢haracterised
neuropathologically by in axonal spheroid formatibgpomyelination and eventual
demyelination (Karten et al., 2003) and impairedagptic function (Byun et al., 2011,
Pressey et al., 2012). White matter tracts arerebvaffected (Ong et al., 2001;
Palmeri et al., 1994; Zervas et al., 2001) with ¢bepus callosum showing the most
striking axonal loss (German et al., 2002). Theroeal cells most vulnerable to these
pathological processes are the Purkinje cellset#rebellum, striatum, and thalamus
followed by neurons in hippocampal and other cattregions (Elleder et al., 1985;
Harzer et al., 1978; March et al., 1997; Ong et24101).

Structural imaging in NPC commonly shows diffuserebeal and/or cerebellar

atrophy (Fink et al., 1989; Lossos et al., 1997hiffman, 1996; Shulman et al.,

1995b; Tedeschi et al., 1998), atrophy of striatutmlamus and hippocampi

(Walterfang et al., 2010; Walterfang et al., 2012hjdbrain atrophy (Walterfang et

al., 2012a) and pathology in major white mattectgsancluding the corpus callosum
(Grau et al., 1997; Palmeri et al., 1994; Waltegfan al., 2011; Walterfang et al.,

2010). Neuropsychological testing in adolescenttamhset cases often reveals a
steady decline in function throughout adulthoodhvaitgnificant deficits in executive

function and memory (Campo et al., 1998; SchiffmE®96; Shulman et al., 1995a;
Shulman et al., 1995b).

Psychosis is a common initial presentation of astmat or adult-onset NPC and may
present alongside motor symptoms and cognitive imp@ant as an initial
manifestation in 25-40% of adult-onset cases (Jusep al., 2003; Walterfang et al.,
2006a). When psychosis has been reported, featmes included persecutory
delusions, auditory hallucinations and ideas aénerice (Breen et al., 1981; Campo et
al., 1998; Josephs et al., 2003; Shulman et al9549 Shulman et al., 1995b;
Walterfang et al., 2009a; Walterfang et al., 20068) small number of cases have
been reported where psychosis was the sole imitaifestation (Shulman et al.,
1995a; Shulman et al., 1995b; Turpin et al., 19@dnier, 1999; Walterfang et al.,
2006a), and these patients may be treated withoteatics alone for a number of

years before gait impairment and cognitive decliesult in a diagnostic revision
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(Josephs et al., 2003; Shulman et al., 1995b; \Wailtg et al., 2006a; Walterfang et
al., 2009a). We have also described a presentati@uulthood with rapid-cycling

bipolar disorder that responded to anticonvulsasdigation (Sullivan et al., 2005).
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CEREBROTENDINOUS XANTHOMATOSIS

Cerebrotendinous xanthomatosisis (CTX, OMIM: 213708sults in cholestanol
accumulation in white and grey matter, leading eoneaxonal dystrophy and axonal
dropout, severe white matter pathology (Soffer et1l®95) and accelerated apoptosis
(Moghadasian et al., 2002). Global reduction inygemd white matter volume,
reduced white matter integrity and callosal atroping noted on structural imaging
(Berginer et al., 1994; Chang et al., 2010; Ddttle 1994; Guerrera et al., 2010; Su
et al,, 2010; Wallon et al.,, 2010). MRS findingsggest that axonal metabolic
dysfunction rather than demyelination are respdasibr the diffuse white matter
findings (De Stefano et al., 2001).

Two case series of CTX patients with psychiatretulibance have been reported. In
the first, 4 of 35 cases suffered psychiatric disince, three of these being
neuroleptic-responsive psychotic illness (Bergieteal., 1988). A further series found
psychiatric disturbance in 7 of 10 CTX patientsedqominantly agitation and

psychosis (Dotti et al., 1991). Other authors hasported depression in CTX

sufferers (Chen et al., 2012b; Lee et al., 200p8b, 1983) and more recently a
fronto-temporal dementia picture in a compound foeggote has been described
(Guyant-Marechal et al., 2005).
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NEURONAL CEROID LIPOFUSCINOSIS

The characteristic neuropathology of adult neuraeabid lipofuscinosis (ANCL) is
accumulation of lipofuscin-like material in lysosesmin neuronal and extraneuronal
tissue (Wisniewski et al., 2001). The distributmfrabnormal lysosomal inclusions in
neurons is commonly diffuse through cortical anticautical neurons, but may be
localised to the cerebral cortex in a quarter cfesa(Constantinidis et al., 1992).
Hippocampal/enterorhinal cortex may be particulagceptible (Braak and Braak,
1993). MRI often shows cerebral and cerebellarpdiyo callosal thinning, and may
show other features such as altered signal in stibab nuclei, whilst SPECT
commonly shows regional cortical hypoperfusion ifPdrti, 2000; Sayit et al., 2002;
Schreiner et al., 2000).

Neuropsychiatric disturbance in adolescent or aolet cases is very common
(Berkovic et al., 1988; Goebel and Braak, 1989) CANiresents with psychosis in up
to 20% of patients, with ages of onset between 8 41 (Augustine et al., 1993;
Callagy et al., 2000; Charles et al., 1990; Gosp Jankovic, 1986; Hinkebein and
Callahan, 1997; Lewandowska et al., 2009; Reif et 2003; Tobo et al., 1984,
Waldman, 1992), with psychotic symptoms also déscriin juvenile patients
(Vercammen et al., 2003). Backman et al, in a sesfguvenile NCL patients (mean
age 15 years), described five adolescent patieititspsychotic symptoms warranting
psychotropic medication, although affective sympo(predominantly depression)
were more common (Backman et al., 2005). Nijssext déscribed a pedigree with an
autosomal dominant inheritance where three of dbected family members
presented with psychosis (Nijssen et al., 2009)ar@tteristic psychotic symptoms
appear to be auditory hallucinations, delusions thedight disorder (Callagy et al.,
2000), although occasionally catatonic motor charggn present (Reif et al., 2003).
In older patients, ANCL may also present with anfatemporal dementia-like picture
(Zini et al., 2008), or with the hyperorality anexsial disinhibition characteristic of
Kluver-Bucy syndrome (Alonso-Navarro et al., 2005Neuropsychological
impairments are common, often with a mixed frostabcortical picture of
psychomotor slowing, impaired new learning and ekge and attentional
impairments (Hinkebein and Callahan, 1997; Ziralet2008).
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Sensitivity to the motor side effects of neurolepthedication complicates the
treatment of ACNL psychosis, with an increased prity towards EPSE including
dystonia (Gospe and Jankovic, 1986; Hinkebein aathlan, 1997) and neuroleptic
malignant syndrome (Reif et al., 2003; Vercammeal ¢t2003). This sensitivity has
been attributed to a combination of subcorticalrapathology and muscle membrane
pathology (Reif et al., 2003). The treatment ofgh&sis, notwithstanding motor side
effects, is usually with neuroleptic medicationhaligh electroconvulsive treatment

has proven effective in a number of cases (Reif.e2003; Tobo et al., 1984).
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ALPHA MANNOSIDOSIS

In type Il alpha mannosidosis (AM; OMIM: 248500) AMhich presents in later
childhood or adulthood, the predominant featurescarebellar ataxia, hearing loss,
neuropsychological impairment and retinopathy (Guhadk et al., 2004). MRI
scanning shows periventricular T2-hyperintensiiresvhite matter (Gutschalk et al.,
2004; Vite et al., 2001), which has been suggettdie secondary to demyelination
(Dietemann et al., 1990) although is more likelyotoan effect of myelin vacuolation
(Sung et al., 1977). Cortical and cerebellar atyoigshalso not uncommon in type |l
patients (Ara et al., 1999; Gutschalk et al., 20@ingnosis is established by the
combination of a suggestive urinary pattern ofa@ccharides and demonstration of
significantly reduced enzyme activity in leukocyt@scultured skin fibroblasts, and

the only treatment option is bone marrow transpigon (Sun and Wolfe, 2001).

As in some other lysosomal disorders, patients wige 11| AM may be diagnosed
with schizophrenia prior to the onset of frank méogical symptomatology (Seidl et
al., 2004), or psychosis may follow the developnandther symptoms (Gutschalk et
al., 2004). Malm et al described a series of 4%eptd over the age of fifteen, and
found clearly diagnosable mental iliness in 25%hwtihe majority presenting with a
psychotic disorder characterised by delusions, ubialations, confusion and a
prolonged period of post-psychotic somnolence (Matral., 2005). Psychosis in AM
often presents with “organic” features, such ascaaent cognitive and neurological

signs at the time of presentation.
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FABRY DISEASE

Fabry disease (FD; OMIM: 301500) causes accumulatod the glycolipid

globotriaosylceramide (Gb3) in blood vessels arteotissues (Schiffmann, 2009),
resulting in a range of end-organ vascular dis¢lstehta et al., 2009; Mehta, 2009).
Brain MRI often reveals subcortical ischemia indaganglia, brainstem, thalamus,

and particularly periventricular white matter (Reist al., 2011).

Depressive disorders, often meeting criteria fgewgere clinical depression, occur in
up to half of all FD patients. The first serieskid patients highlighted an elevated
rate of depression in both hemizygous males andlteroarriers (Grewal, 1993;
Sadek et al., 2004). More recent systematic studfieerger cohorts have shown rates
of major depression as high as 60% (Cole et aQiy2Daney et al., 2010; Schermuly
et al., 2011). Depression and anxiety in FD pagi@nédicts significant impairment in
social and vocational functioning (Bouwman et2011; Laney et al., 2010). There is
no clear link between white matter lesion load a@egression (Schermuly et al.,
2011), although depression in FD appears to beiqiestl by the persistence of
chronic pain and anhidrosis into adulthood (Colalgt2007). There is very little data
on the response to antidepressants in this grosychBsis has been occasionally
described (Shen et al., 2007), although it is warckehether this is causally related to
the CNS pathology of FD (Gairing et al., 2011). Mgasychologically, FD patients
are frequently normal (Low et al., 2007) but maymdestrate attentional and
executive deficits (Schermuly et al., 2011; Segalle 2010), commensurate with the

effects of subcortical cerebrovascular disease.
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ACUTE INTERMITTENT PORPHYRIA

Acute intermittent porphyria (AIP; OMIM: 176000) $iaa lengthy historical
association with mental illness. The periodic “mashi of King George Il has been
attributed to AIP (Ho et al., 2003), with the ilssealso implicated in Van Gogh's
psychiatric history (Rose, 2006). AIP has been shdw be significantly over-
represented in large samples of psychiatric inptgjeat a rate up to 50-200x higher
than the general population (McEwin et al., 1978hler et al., 1985). The “classical
triad” consists of abdominal pain, psychiatric diseince, and peripheral neuropathies
during episodes, although psychiatric symptomselmay be the single presenting
feature. Of clinically symptomatic patients, psythc disturbance occurs up to half
of all cases (Crimlisk, 1997), half of which areygsotic episodes (Santosh and
Malhotra, 1994), although depression, anxiety aaliridm may also be the main
presenting syndrome (Santosh and Malhotra, 199M% intermittent “attacks” of
neuropsychiatric disturbance may result in a mguisis of schizophrenia (Crimlisk,
1997), and occasionally psychosis is the soleainimanifestation (Crimlisk, 1997;
Ellencweig et al., 2006; Kumar, 2012). Additionalbecause of the high likelihood of
abdominal pain during periods of acute distressieps may be diagnosed with a

somatoform disorder or histrionic personality désar(Ellencweig et al., 2006).

Although porphobilinogen (PBG) and amino-levulirdcid (ALA) accumulation is

thought to be neurotoxic (Pierach and Edwards, 19&8actly how this results in

neuropsychiatric disturbance is unclear. Explaryatbypotheses have included
oxidative stress, vascular change and demyelinagéitthough it may be that ALA’s

structural similarity to GABA results in impairedlease of GABA from synapses of
GABAergic inhibitory neurons (Muller and Snyder, 7%, and reductions in heme
dependent enzymes resulting in increased serotomover and reduced nitric oxide
activity (Meyer et al., 1998).

Psychopharmacological management of AIP involvdgjaus use of medication that
will not worsen the biochemical deficit, which fpsychosis includes chlorpromazine
and droperidol, fluoxetine or sertraline for degien, lithium for mania, and
lorazepam, triazolam and temazepam for anxiolysid aedation (Holroyd and
Seward, 1999).
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MAPLE SYRUP URINE DISEAE

In the milder forms of maple syrup urine diseaseS(ND; OMIM: 248600) that

present in adulthood, altered leucine metaboligeralstrocyte function (Funchal et
al., 2005; Yudkoff et al., 1996) and induces neat@poptosis (Jouvet et al., 2000).
Elevated leucine can block the transport acrosdlied-brain barrier of other large,
neutral amino acids (LNAAS), including precursoifsnoost monoamines, causing
significant disruptions to dopaminergic, noradrgnerserotonergic and histaminergic
metabolism and thus neurotransmission (Zinnantialet 2009). Altered BCAA

metabolism also results in depletion of gluatam@®BA and aspartate, significantly
altering excitatory/inhibitory neurotransmissiorr@ss the CNS (Korein et al., 1994;
Zinnanti et al., 2009). The BCAA-restricted dies@results in chronic cerebral valine
deficiency, which itself may impair neuronal antgotiendrocyte function (Strauss et
al., 2010). As a result, MSUD patients with pooetdry management will show
reduced synaptogenesis and dendritic arborisadion,dysmyelination (Kamei et al.,
1992; Kinney et al., 1994; Prensky and Moser, 1968), in acute metabolic crisis,
cerebral edema (Strauss and Morton, 2003). Thdbkelpgical changes may manifest
on MRI as reductions in grey matter volume, abndrfizasignal in white matter, and

diffusion restriction (Jan et al., 2003; Schonbergg al., 2004) and altered

spectroscopy during metabolic decompensation (Jah, 2003).

As in PKU, the advent of dietary restriction hasdified iliness course significantly,
allowing survival of MSUD patients well into adutthd, albeit with a suggestion of
subtle cognitive deficits and an elevated rateashe neuropsychiatric disorders (le
Roux et al., 2006). MSD patients who transitionattulthood may have impaired
neurological and psychosocial outcomes. Many malgfbevith subtle pyramidal and
extrapyramidal signs (Carecchio et al., 2011) amdimma number of metabolic
disorders where childhood dietary restriction isesdial, MSUD patients perceive a
significant strain from dietary management and Itagti peer isolation, in addition to
an impact on intimate/family relationships, edumatand employment (Packman et
al.,, 2012; Simon et al., 2007). As in PKU, adulurmgsychological impairment
appears more related to the age at institutiorand, adherence to, dietary treatment
(Hilliges et al., 1993; Hoffmann et al., 2006; Kaplet al., 1991).
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Despite strict metabolic control, many children feuffrom attentional-deficit

disorders, whereas adolescents and adults comnpabent with depression and
anxiety (Strauss and Morton, 2003). Limited neugmitive data exists, although it is
suggestive of executive and attentional deficitsthwmpairments to nonverbal

reasoning and spatial functioning (le Roux et200Q6; Walsh and Scott, 2010).
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UREA CYCLE DISORDERS

The hyperammonemia that characterises urea cyderddirs (UCDs) causes
hyperglutaminemia in the CNS, leading to cerebdd#nea and astrocytic swelling
(Norenberg et al., 2005), altered axonal functiod growth (Braissant et al., 2002)
and NMDA-mediated excitotoxicity (Gropman et alQ0Z; Robinson et al., 1995).
MRI during the acute phase may show cerebral edearéicularly on T2-weighted

imaging; repeated episodes of hyperammonemia ms&yltren atrophy and gliosis

visible on MRI (Gaspari et al.,, 2003; Panlaqui €t 2008), and asymptomatic
patients with most demonstrate alterations to whiigter in frontal and parietal
regions subserving executive and working memoryctioning (Gropman, 2010).

Patients with deficient arginase show alteratiensadrticospinal tracts (Oldham et al.,
2010).

In older children/adolecents or adults, the prest@rt may be of recurrent episodes
of encephalopathy, or with a more chronic enceplalyy; there may be a history of
meat avoidance/refusal, and episodic headachesjtingmextreme lethargy and

altered consciousness in the setting of metabtiss or protein load (Legras et al.,
2002; Nassogne et al., 2005). Arginase deficieadhé exception, as it presents with
progressive spasticity and dementia. Psychiatesgmtations in UCDs may initially

occur as behavioural disturbance, with developntentrank psychosis, and then
acute encephalopathy (Belanger-Quintana et al3;2B8ther et al., 2006; Lien et al.,
2007; Nassogne et al., 2005; Thurlow et al., 20A@ected or carrier females may
present with adult-onset illness, particularly ihetsetting of pregnancy, and
postpartum presentations may be misdiagnosed aggosn psychosis (Enns et al.,
2005; Fassier et al., 2011; Peterson, 2003; Tagtiral., 2011). In patients where
acute-onset psychosis and confusion is associaiéd wemiting, lethargy, and

seizures or other neurological symptoms, elevatednpa ammonia is crucial in

excluding or confirming a UCD.

Sodium valproate is known to result in hyperammaigesncephalopathy, and as it is
used as a mood stabiliser in psychiatric patieibiteceds to be used carefully in
patients with an atypical presentation of psychiaitiness, particularly when

associated with confusion, lethargy and gastroiima@issymptoms as numerous case
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reports exist of severe medical compromise in¢higcal circumstance (Bogdanovic
et al., 2000; Chopra et al., 2012).
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DISORDERS OF HOMOCYSTEINE METABOLISM

In homocystinuria (OMIM: 236200), the accumulatiaf homocysteine and
methionine, two sulphur-containing amino acids ($6Ain the CNS alters the
release of monoamines (Selema et al., 1997) and efi@et neurotoxicity via
agonism of NMDA receptors (Schurr et al., 1993)aiBrimaging may show
leukodystrophy secondary to disrupted myelinatidaténavicharn et al., 2008).
While isolated case reports have identified pasienwith psychosis and
homocystinuria (Bracken and Coll, 1985; Eschwederal., 1997; Li and Stewart,
1999; Ryan et al.,, 2002), studies investigatinggdacase series of patients have
reported that personality disorder, behaviourakudince (such as aggression),
depression and obsessive compulsive disorder aemihst common psychiatric
findings and that aggression and behavioural distures were commoner in patients

with mental retardation (Abbott et al., 1987).

Methylenetetrahydrofolate reductase (MTHFR) deficie(OMIM: 236250) has been
strongly associated with psychosis in its less ev@rm, which presents in
adolescents and adults (Birnbaum et al., 2008; Mieh al., 2008), and may result in
impairment to myelination (Engelbrecht et al.,, 1p%hd dopamine synthesis
(Muntjewerff et al., 2008). Notably, the C677T \ari of the MTHFR gene, with
causes a 35% reduction in MTHFR function, has lessociated with an increased
risk for schizophrenia in some (Arinami et al., I9Regland et al., 1997; Reif et al.,
2005) but not all (Kunugi et al., 1998) populatiptvgo recent meta-analyses suggest
it confers a 70% increased risk of schizophreniairljewerff et al., 2006), which
may be part of a broader vulnerability for both mioand psychotic disorders
(Peerbooms et al., 2011).
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PHENYLKETONURIA

In phenylketonuria (PKU; OMIM: 261600), two metaiogbrocesses affect the CNS.
Elevated cerebral phenylalanine (Phe) levels imhityrosine and tryptophan
hydroxylase, altering monoaminergic neurotransmittgynthesis (particularly
dopamine), but also reduce protein and cholestwnathesis, impair synaptogenesis
and alter glutamatergic transmission (de Groot.eP@10; van Spronsen et al., 2009).
Reduced large neutral amino acid (LNAA) availapiliesults in reduced protein
synthesis, impaired oligodendrocyte developmentfandtion, and severely disrupts
normal neurodevelopment (Dyer, 1999; Hoeksma et2809; van Spronsen et al.,
2009). While altered cholesterol and protein sysithearticularly affect myelination,
as evidenced by human post-mortem andivo MRI studies (Bauman and Kemper,
1982; Bick et al., 1991). Hypomyelination occursuntreated PKU and in early-
treated patients, this appears to relate to intedimg edema (Anderson and Leuzzi,
2010). Increased T2 signal on MRI scanning is seemost patients in frontal and
parieto-occipital white matter (Cleary et al., 1394nd diffusion and spectroscopy
imaging demonstrates altered diffusion and an as&ein cerebral Phe that tightly
correlates with serum Phe levels (Manara et alQ92@carabino et al., 2009),
particularly in anterior white matter (Christ et,aP010b). Functional MRI has
demonstrated impaired functional connectivity withnd between pre-frontal cortical
regions (White et al., 2010). In animal PKU moddigpomyelination has been
partially restored with dietary phenylalanine riesion (Joseph and Dyer, 2003), and
reversal of T2 signal abnormalities has been shavith a return to dietary
management (Cleary et al., 1995).

Early-treated patients are described as showingatdd rates of depression, anxiety
disorders (particularly agoraphobia), attentionigietlisorder and more non-specific
psychosocial adjustment issues in adolescence wbmpared to matched healthy
individuals (Brumm et al., 2010). Poor metaboliatol, or early discontinuation, are
associated with a higher incidence of behaviourablems in childhood (Holtzman et
al., 1986; Smith et al., 1988). PKU patients whecdntinued treatment in middle
childhood demonstrate elevated rates of anxiety modd disorders in adulthood
(Koch et al., 2002; Ris et al., 1997; Waisbren Ziadf, 1994) and a persecutory

stance in social contexts compared to continuotrslgted patients (Waisbren and
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Zaff, 1994). These higher rates of psychiatric aognitive illness appear to directly
negatively affect psychosocial outcomes (Gentileakt 2010). A much higher
proportion of PKU sufferers remain unmarried, cleiés, and/or living with their

parents (Simon et al., 2008).

From a cognitive perspective, untreated patients skibow mental retardation (with
IQ<50) and developmental delay (Scriver and Kaufn2®01). Much of the cognitive
impairment can be attenuated with dietary contedthough even early-treated
patients may have subtle reductions in 1Q, exeeutimd attentional impairment
(Weglage et al., 1996), although non-executive impent is less consistently present
(Janzen and Nguyen, 2010). The degree of dietaryraldn early-treated patients has
a significant impact on ultimate cognitive outco{@hrist et al., 2010a; Gonzalez et
al., 2011). However, perhaps less than 20% of sdoiaintain dietary control
throughout adulthood (Walter et al., 2002), withe timpact of diet on social
interactions being a particular impediment to adhee (Cazzorla et al., 2012).
Discontinuation in adult life is associated withoper educational, socioeconomic and
health outcomes (Koch et al., 2002), but re-engagerof “lost” patients may lead to

improved outcomes (Burton and Leviton, 2010).
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THE ORIGIN OF NEUROPSYCHIATRIC ILLNESS IN INBORN ERRORS
OF METABOLISM

As we have seen in the preceding section, metaldiBorders that result in
neuropsychiatric illness alter CNS function andAiructure via a number of
neuropathological processes. We postulate thatdheality of psychiatric illness is
the result of two processes: 1. The interruption cbildhood/early adulthood
neurodevelopmental trajectories in progressiveedy 2. The acute alteration of
monaminergic or excitatory/inhibitory neurotrangeiitsystems in acute or episodic

illness.

Altered Neurodevelopment in Progressive Metabolic IlIness

For a number of disorders, different mutations dasnupt protein function to varying
degrees, with severe disruption causing more sengrairment in neuronal function,
and thus early onset of illness — usually in infanc early childhood and a rapid
course. Conversely, when function is only mildlgrdipted, onset may be much later,
such as late adolescence or early adulthood. Asngifeed by progressive
neurometabolic disorders such as MLD and NPC, thtra of the presentation
relates to the relative maturity of the underlyi@NS and the nature of the
neurodevelopmental processes that are currentlgrway when neuronal function
becomes significantly impaired (Hyde et al., 1992alterfang et al., 2006a){Shaw,
2010 #416}. An understanding of neurodevelopmentadolescence and early
adulthood, the period of onset of most mental ges thus crucial to understanding

how metabolic disorders can lead to major psydbidisorders.

In adolescence, the human brain undergoes graattwstal change, driven by a
number of late neurodevelopmental processes. Gregtem reductions occur
throughout the brain in a back-to-front directidnitially in sensorimotor, then
association, and finally higher-order cortical aresach as pre-frontal and superior
parietal cortex (Gogtay et al., 2004), with similahanges also occurring in
subcortical regions (Sowell et al., 2002), putdyivdriven by a pruning of the over-
proliferation of synapses that occurs in early diilod and then again in early

puberty (Zecevic and Rakic, 2001). This reductiongiey matter is matched by a
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linear increase in white matter, which continue®dlgh adolescence and adulthood
(Bartzokis et al., 2003; Sowell et al., 2003), ambich is driven by increasing
myelination of cortico-cortical connections betwgaefrontal regions and between
dorsolateral prefrontal cortex and temporal, pafiend occipital association areas
(Fuster, 2002; Gogtay et al., 2004; Paus et a@9)19

The long association fibres connecting frontal samdporal cortex are crucial in this
period. Disrupted frontotemporal connectivity isodight to be central to the
neurobiology of schizophrenia (Benes et al., 1994y white matter disorders that
disrupt these connections are particularly psydmenta (Walterfang et al., 2005),
although altered myelination may also occur in mamod disorders (Regenold et
al., 2007). The refinement of prefrontal functiolows a number of executive
cognitive functions to mature and/or develop dutimg period, including processing
speed, working memory, self-regulation, and cogeitcontrol (Tau and Peterson,
2010). Myelination, and the refinement of cortiawrtecal and cortico-subcortical

connectivity, is affected in MLD, ALD, NPC, CTX, AMAIP, MSUD, homocysteine

metabolism disorders and PKU. Interference in tismal process is likely to

underpin the elevated rate of mood and psychosiorders, in addition to executive
impairment, in these metabolic disorders. This astipularly exemplified in the

leukodystrophies that present in adolescence oithemhd such as MLD and ALD,

where rates of major mental illness such as psystowanood disorders occur in one
guarter to one half of patients (Hyde et al., 19®@sebush et al., 1999).

These metabolic disorders lead to a disruptiomszroconnectivitywhereby long
association corticocortical and cortico-subcortidales are disrupted. The high-level
temporal synchrony between these regions thatdsined for reality testing and
behavioural and emotional regulation is compromidénis type of dysconnectivity is
thought to be central to the pathogenesis of sphiamia (Friston and Frith, 1995;
Walterfang et al., 2006c¢), and schizophrenia-likgghoses are frequent presentations
of metabolic illness (Sedel et al., 2007). Giver taforementioned widespread
developmental synaptodendritic changes that oceringl late adolescence and early
adulthood, disruption ahicroconnectivityi.e connectivity between neurones may be
a further pre-disposing factor to psychosis. Distak microconnectvity has been

described as a possible neurodevelopmental “pathteaschizophrenia (McGlashan



28

and Hoffman, 2000). The dendritic changes in GMagiasidosis (Purpura and
Suzuki, 1976; Walkley et al., 1990) and consequksruption in microconnectivity
may underpin the elevated rates of psychosis séndisiorder (Frey et al., 2005; Gravel
et al., 1995; Neudorfer et al., 2005) while in aadder such as NPC, where both
micro- and macroconnectivity are impaired (Waltedgt al., 2010; Walterfang et al.,
2012b), the rates of psychosis are even highert@fifahg et al., 2006a).

Significant alterations to the dopaminergic systecour during this developmental
period and largely involve the frontal cortex. leases in dopaminergic fibre and
dopamine transporter density (Kalsbeek et al., 1&8ar, 2000) and differential
(striatal > prefrontal) dopamine receptor pruniBpdar, 2000) leads to a relative
dominance of the mesocortical dopaminergic systBavéy et al., 2008). Synaptic
plasticity, pruning and myelination are partiallyepndent on dopaminergic
innervation so that the refinement of cortico-cati connections depends on the

integrity of this system (Gurden et al., 1999).

A similar overproduction of other monaminergic netoes, which are then pruned and
refined, also occurs in adolescence (Brenhouse Aamdkersen, 2011; Lidow and

Rakic, 1992). Developmental disruption of monoanmgiesystems contributes to the
development of mood disorders (Davey et al., 2@@8)vell as psychosis (Di Forti et
al., 2007). Inhibitory GABA-ergic and glutamaterggstems show ongoing changes,
with a steady linear increase in levels of the farracross adolescence (Lidow and
Rakic, 1992) and substantial pruning from theirlye@dolescent peak of NMDA

receptors in frontotemporal regions (Insel etE90).

Disruption to the dopaminergic system occurs in MSZinnanti et al., 2009) and
disorders of homocysteine metabolism (Selema et1807), but is perhaps most
central to PKU (de Groot et al., 2010; Puglisi-Alla et al., 2000), where prefrontal
depletion appears to directly disrupt the develapmef dopamine-dependent
executive functioning. Other monoaminergic systamesvariably affected by MSUD
(Zinnanti et al., 2009) and PKU (de Groot et a01@; Puglisi-Allegra et al., 2000).
Given that reduced or dysregulated transmissiondnoaminergic systems is integral
to anxiety and depression (Gorman et al., 2002gRuaital., 2007), these alterations to
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monoaminergic availability may underpin the highmevalence of anxiety and

depression in these metabolic disorders.

This model represents a shift away from a moreitioal “neurodegenerative”
model of neuropsychiatric illness, whereby menisbiers are described as resulting
from the impaired function or loss of specific nenal populations that have largely
matured and which subserve mental functions sucleal#ty testing or emotional
regulation. Whilst psychiatric disorders do not réguently occur in
neurodegenerative disorders such as cortical abdostical dementias, the vast
majority of psychiatric disorders have their onseidolescence or early adulthood,
largely a distinct epoch from that in which the ordy of neurodegenerative
disorders have their onset. Secondly, as can lreisebsorders which have a varying
age of onset of illness dependent on the degregetdbolic disturbance, such as NPC
or MLD, when illness presents later in life, thegentation is more likely to be of a
dementing-type illness rather than a typical psytrhu illness such as schizophrenia-
like psychosis, major depression or bipolar disordeAdditionally, a
neurodegenerative process can disrupt a normalbdevelopmental trajectory, as
these are not discrete processes and can inténaetiiodegeneration occurs within
the timeframe of ongoing neurodevelopment. Thudlsivtypical neurodegeneration
alone may present with neuropsychiatric illnessairproportion of patients with
metabolic disorders, it is most likely to be thesrdption of neurodevelopmental

trajectories that results in typical psychiatrinelss.

Neurotransmitter Disruption in Acute/Episodic IlIness

In addition to those metabolic disorders that imipapon neurodevelopment, a
number of metabolic disorders are associated vgiboeic but potentially reversible
metabolic disturbances in the setting of an otheswargely intact and normally-
developed CNS. In disorders such as AIP, MSUD oe tbCDs, acute
decompensation can occur in the setting of padfcuhetabolic states, such as
situations requiring increased protein or hemelssis, or when dietary management

of a metabolic illness lapses or is disrupted.

These disorders result in acute alterations tolhkance between excitatory and
inhibitory systems via alteration of GABAergic aoad/ NMDA-mediated
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glutamatergic transmission, and/or alteration of no@minergic transmission
involving dopamine, serotonin or noradrenaline. tcualteration of the
excitatory/inhibitory balance between GABAergic agtutamatergic systems is
exemplified by anti-NMDA receptor encephalitis gaamydroxy butyric acid
(GHB) intoxication. The former is a paraneoplasiyndrome that causes acute-onset
psychosis, frequently catatonic, in mostly youngnea (Dalmau et al., 2011), and its
psychotogenic effects relate to acute loss of NMDéceptors that disrupt
glutamatergic transmission (Hughes et al., 2010dmil&ly, potent NMDA
antagonists such as phencyclidine and ketaminepoadiuce psychotic symptoms,
potentially by secondary dysregulation of prefrbngand striatal dopaminergic
systems (Javitt, 2007). Similarly, alterations bé tGABAergic system have been
implicated in substance-induced psychosis (Caghial.e 2011; Kruszewski et al.,
2009) and delirium, particularly that secondargkmhol withdrawal (Hughes, 2009).
Thus, rapid dysregulation of either or both of thegstems may result in psychosis
and/or an acute confusional state, such as thatisddCDs (Nassogne et al., 2005),
MSUD (Strauss and Morton, 2003) and AIP (Muller &ryder, 1977).

Similarly, monoaminergic depletion or reduced twerocan occur in a number of
metabolic disorders, such as AIP (Meyer et al. 8)9RISUD (Zinnanti et al., 2009),
or in untreated PKU (de Groot et al., 2010). Anirstaidies show that depression can
result from acute depletion of dopamine (Santiagoale 2010) and dopamine
depleting agents used for movement disorders nfoéguently cause depression
(Chen et al., 2012a). Similarly, noradrenaline deéph has been reliably shown to
lead to depression or depressive relapse (Millesl t1996). Both depression and
anxiety can also be caused by serotonin depleff@mnéndez and Gaspar, 2012).
Thus, the elevated rates of anxiety and depressen in many of these disorders is
not unexpected. Although the effect of depletionddferent monoaminergic systems
is complex, with interactions between different maminergic systems that occur
differentially in different circuits (and which alsinteract with glutamatergic and
GABAergic systems), disruption in these systemsartiqularly secondary to reduced
monoaminergic synthesis or availability — is likety result in alterations to mood,

anxiety levels, and thus behaviour.
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MANAGEMENT OF NEUROPSYCHIATRIC DISTURBANCE

Management of neuropsychiatric disturbance in n@i@alsyndromes is generally
symptomatic. For many disorders, little clear tneat data exists, and clinicians will
generally treat a secondary psychiatric syndromth whe standard psychotropic
medications: antidepressants for depression anétgnantipsychotics for psychosis;
antipsychotics and mood stabilisers for mania andtipsychotics and/or
benzodiazepines for agitation. However, a number caffeats apply in the

management of neuropsychiatric symptoms in thengedf metabolic illness.

Metabolic disorders that disrupt neurodevelopmean aesult in psychiatric
syndromes that are at initially, or may later beeptreatment-resistant. This has been
well-described in ALD (Rosebush et al., 2010), Ml(Bermle et al., 1997) and
Niemann-Pick type C disease (Walterfang et al. 6aQ0@Walterfang et al., 2009a). It
may be that secondary or “organic” psychiatricaia is less likely to respond to
traditional treatments as the underpinning neulobio of secondary presentations
differs from the primary psychiatric illness in whi the particular treatment has
shown to be beneficial. A phenocopy of an illnesenot guarantee that both the
phenocopy and the primary illness will respondhis $ame treatments. Additionally,
as many of these illnesses are progressive, patmealy be initially responsive to
treatment but less responsive to treatment ovex #sneurobiological change ensues.
Furthermore, treatment response may depend on #ietamed integrity of brain
systems outside those thought to be disruptedyohgsis. If these systems become
illness-affected, then this may impact upon illngsssentation treatment response
(Hyde et al., 1992). This is not uncommon in pregige disorders that result in
secondary psychiatric syndromes, particularly aankr dementia supervenes
(Walterfang et al., 2009b).

The second main issue relates to an increasedmsibpéor side effects of psychiatric
treatments, particularly dopamine blockers usedtréat psychosis. If metabolic
disorders affect the striatum, then these pateiithave a significantly elevated rate
of extra-pyramidal side effects. This has been -geficribed in TSD (Manor et al.,
1997; Rosebush et al., 1995; Streifler et al., JO8ENL (Gospe and Jankovic, 1986;
Hinkebein and Callahan, 1997) and NPC (Sandu et2809). The anticholinergic
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side-effects of many antipsychotics and some aptessants may worsen already
compromised cognition in patients with moderateattvanced illness, as may the
sedation caused by many of these medications’ iataihinic effects. Thus, careful
consideration of agent choice is crucial in tregfp@tients with secondary psychiatric
syndromes, to minimise motor and cognitive sideectff that may worsen the

concomitant neurological manifestations of the ulyileg metabolic disorder.

Medications used to manage psychiatric symptom& siscaggression, agitation or
mood elevation may also directly impact upon théeastying metabolic condition.
The greatest caution should be exercised with watpr which can precipitate or
worsen the clinical presentation of AIP (Crimlidl@97) or UCDs (Bogdanovic et al.,
2000; Chopra et al., 2012). Other porphyrogeniccpesiropic medications which
should be avoided include carbamazepine and imipenit has been suggested that
tricyclic antidepressants and phenothiazines mansevothe underlying biochemical
deficit of TSD (Hurowitz et al., 1993). In theseatimstances however, there are
generally a number of other available pharmacoligaptions, including modern
selective serotonergic antidepressants for demmesand anxiety, and atypical

antipsychotics for psychosis, mania and acute tagitédWalterfang et al., 2009b).

The most important treatment consideration in pgtdlb presentations of metabolic
disease is the detection of — and, where posdiéifution of treatment for — the
underlying disorder. In a patient presenting foe fiirst time with a psychiatric
syndrome, a metabolic disorder should be suspedted:
1. There is a significant family history of metabolar other neurological
disorder
2. The presentation of psychiatric symptoms occursincment with
neurological, cognitive or other systemic symptothat suggest a more
widespread neurological or systemic disease
3. The course is episodic and triggered by specifinddmns that result in
metabolic stress such as surgery, elevated prittzike or fever (Sedel et al.,
2007).

If clinicians are aware of the aforementioned disos and how they present, they can

initiate either a specialist referral or commennearavestigative path including brain
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MRI, examination of biofluids for specific metabmintermediates or endproducts, or
direct testing for enzymatic disorders. Sedel diale described a useful diagnostic
algorithm for both acute and chronic presentatiminsecondary psychiatric illness in
a previous version of JIMD (Sedel et al., 2007).cérate diagnosis may allow
treatment and attenuation of the primary disordehich may itself result in
abatement of the psychiatric syndrome and redueeadbuirement for psychotropic

medication.
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CONCLUSION

A number of metabolic disorders can present atedif§ illness timepoints with
major psychiatric illness. For many progressiveodisrs that present in adolescence
or early adulthood, the disruption of late neuralepmental processes — which occur
during the period of greatest vulnerability to miajeental illness — appear to underpin
the development of psychiatric illness. Disruptionmyelination, and the resultant
impairments in cortico-cortical and subcortical geativity that ensue, is common to
many of these disorders. For a range of other diggerthat can cause acute metabolic
disruption, disruption to inhibitory/excitatory nmetransmission, or monoaminergic
neurotransmitter turnover and availability, appe@rscause acute presentations of
psychiatric illness. An awareness of these dissrdand the nature of how they may
present, can allow clinicians to accurately diagnassecondary psychiatric illness

and institute appropriate treatment for the undeglylisorder.
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