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Tay-Sachs disease (a GM2 gangliosidosis) is an in-
herited neuronal storage disease that can affect in-
dividuals across the age spectrum. Psychosis is re-
ported in 30% to 50% of adult-onset patients,
and many are misdiagnosed with schizophrenia.
Mood disorders are present in more than 25%
and cognitive impairment in more than 20%.
Treatment of psychosis with neuroleptics may not
have a favorable risk/benefit ratio, but treatment
with benzodiazepines or electroconvulsive therapy
may be efficacious. Metabolic diseases such as
gangliosidosis are probably under-recognized as
causes of neuropsychiatric illness. Increased
awareness of these disorders will lead to accurate
diagnosis, appropriate treatment selection, and
genetic counseling.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 1998; 10:10–19)

Tay-Sachs disease (TSD) is an autosomal, recessively
inherited lipid storage disease in which ganglio-

sides accumulate within neurons as a result of a defi-
ciency of the enzyme b-hexosaminidase A (HEX A). It
is now clear that this disorder encompasses a very wide
age and clinical spectrum.1,2 The classic or infantile
form3,4 is a rapidly progressive neurodegenerative dis-
order characterized by motor weakness, myoclonic jerk-
ing, loss of developmental milestones, a characteristic
macular cherry-red spot, and death within the first few
years of life. A late infantile form of HEX A deficiency
(also called juvenile onset)5–7 has been described, with
the onset ranging from 1 to 9 years. There are no typical
neonatal problems, and early milestones are often nor-
mally achieved. Neurological deficits then develop and
are prominent. They commonly include seizures, cho-
reiform and dystonic movement disorders, inconti-
nence, speech problems leading to complete mutism,
dysphagia, and severe gait disturbances with eventual
immobility. Dementia appears to supervene in all cases,
and death occurs by age 15.

More recently, a GM2 gangliosidosis variant desig-
nated “adult onset”(AGG),8,9 has been described in
which both psychiatric and neurologic disorders occur.
Afflicted individuals often exhibit mild or no symptoms
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until young adulthood. Although the most common fea-
tures include disturbances of speech and coordination,
psychosis and mood disturbances can be the presenting
features, so that a psychiatrist may be the first health
professional to assess such a patient. The age of onset
can be difficult to determine in the adult variant. Even
when one can date signs and symptoms back to child-
hood, the more benign course of illness leads to its being
classified as adult onset. In the following, we review the
etiology and pathophysiology of AGG. We then sum-
marize a literature review of 64 cases of AGG, describing
the neuropsychiatric symptoms and treatment options.

GENETICS OF AGG

The major isoenzymes of hexosaminidase in humans are
HEX A and HEX B. HEX A is a trimer composed of
alpha and beta chains; HEX B is a homopolymer com-
posed of beta subunits. A mutation on chromosome 15
in the alpha chain region will result in a selective defi-
ciency of HEX A. A mutation on chromosome 5, which
alters the region coding for the beta subunit, will affect
both HEX A and HEX B, producing what is termed the
Sandhoff variant of the disease, characterized by vis-
ceral organ involvement as well as neuropsychiatric dis-
turbances.

The infantile form of Tay-Sachs is associated with se-
vere mutations on chromosome 15 resulting in forma-
tion of no, or highly unstable, mRNA and thus a total
absence of the protein (alpha subunit) coded by that
mRNA. In the adult variant of the illness, a glycine-ser-
ine point mutation within the protein coding regions
leads to stable mRNA and production of the corre-
sponding protein subunits, but the subunits are defec-
tive.10–13 Patients with juvenile forms of the illness have
point mutations at a different site on the gene than that
associated with the adult form, suggesting that the clini-
cal division of the GM2 gangliosidoses into infantile, ju-
venile, and adult forms may correspond to variable mu-
tation sites within the gene. It has been proposed that
within the realm of the adult variant specific mutations
may be correlated with certain symptom patterns, but
this has yet to be empirically confirmed.1,14

PATHOGENESIS OF TSD AND VARIANTS

Gangliosides are sialic acid–containing glycophospho-
lipids that are integral components of all plasma mem-
branes. In the brain they are found predominantly in
neurons, although they are also present in glia and my-

elin.15 Gangliosides are the major lipid components of
neuronal plasma membranes and are composed of a li-
pophilic portion, which is embedded in the membrane,
and a hydrophilic portion, which protrudes onto the
surface. They are thought to be involved in neuritoge-
nesis, synaptogenesis, neuronal differentiation and re-
generation, and cell-to-cell interactions, and to act as re-
ceptors for certain hormones and bacterial toxins.15–17

In the normal process of catabolism, gangliosides are
removed from the membrane by an activator protein
with which it forms a complex. This ganglioside–protein
activator complex constitutes the substrate that is trans-
ported to the lysosome within the cell body and de-
graded, in the case of the GM2 ganglioside, by HEX A
and HEX B. Inability to process the ganglioside may re-
sult from an abnormality of either the isoenzyme or an
activator protein. There is some evidence of a correlation
between the level of enzyme activity and the severity of
the disease.18

It appears that neuronal function is compromised in
AGG as the residual enzyme ultimately falls behind in
the processing of the gangliosides and unmetabolized
substrate accumulates within lysosomes.18,19 These dep-
ositions are not believed to be directly cytotoxic, and
they are present long before there is any evidence of cell
death. In some neurons the storage materials simply in-
crease cell size, whereas in others they give rise to
unique morphological abnormalities. In 1976 Purpura
and Suzuki20 described outgrowths in the region be-
tween the cell body and the axon of cortical pyramidal
neurons taken from a brain biopsy of a 14-month-old
child with GM2 gangliosidosis. These “meganeurites“20

were associated with aberrant dendritic, neuritic, and
synaptic growth. Purpura studied these morphological
changes further in mutant cat models of GM1 and GM2

gangliosidoses. He noted the selectivity of these changes
for certain neuronal populations, particularly the me-
dium spiny neurons of the caudate nucleus and the
small and medium cortical pyramidal neurons.21–24 The
relationship between the excessive abnormal neuronal
connectivity and the clinical nature of the disease re-
mains to be elucidated.

Siegel and Walkley25 have recently demonstrated a
correlation between the amount of GM2 ganglioside ac-
cumulation and the extent of ectopic dendritic growth
in cortical pyramidal neurons in a number of neuronal
storage diseases. These data suggest that abnormalities
in the processing of GM2 gangliosides may be a final
common pathway for degeneration, regardless of the
primary metabolic defect. The finding that gangliosides
are potent inhibitors of protein kinase C,26 important in
the transduction of neurotransmitter signals, suggests
another possible link between the abnormal accumula-
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TABLE 1. Initial symptoms and symptoms leading to first
clinical evaluation according to age in adult-onset GM2
gangliosidosis patients

Common Initial
Symptoms (n) Agea

Symptoms Leading to
First Clinical
Evaluation (n) Ageb

Speech disorder
Tremor
Learning disorder (28)

,10 Speech disorder
Cognitive impairment

(1)

,10

Speech disorder
Incoordination
Psychiatric disturbances

(21)

10–19 Speech and gait
disturbance

Muscle weakness
Psychiatric problems
Cognitive impairment

(10)

10–19

Speech disorder
Gait disturbance
Incoordination (5)

20–29 Muscle weakness
Gait disturbance
Dystonia
Dysarthria (19)

20–29

Muscle weakness
Psychiatric disorders
Gait disturbance (5)

30–39 Psychiatric disturbance
Incoordination (24)

30–39

Muscle weakness,
incoordination (9)

$40

aAge at which problem first noted.
bAge at first clinical evaluation.

tion of gangliosides and neuronal dysfunction. More re-
cent studies have shown that in a number of storage
diseases, including the gangliosidoses, GABAergic neu-
rons develop axonal enlargements termed spheroids.23

Overall, it is not clear why neurons are targeted in the
absence of hexosaminidase and, beyond that, why sub-
populations of neurons are characteristically (but vari-
ably) affected. Several potentially important factors in-
clude higher production rates of substrate in certain
cells, different levels of residual enzyme in specific cell
populations, and differential ability of the mutated re-
sidual enzyme to function within variable intracellular
environments.19 Which, if any, of these factors actually
contribute to the observed pattern of symptoms in the
gangliosidoses remains unclear.

CASES IN LITERATURE

A review of the literature was conducted by using online
search methods, review of citations in relevant papers,
and personal correspondence with key investigators in
this field. The search revealed 63 cases of AGG.1,9,27–48

We recently reported an additional case, which we have
included in this analysis.49

Demographics

Gender: Fifty-seven case reports (89%) included infor-
mation on the patient’s gender. Of these, 25 were female,
32 male. Results of a chi-square test to assess for a gen-
der bias were nonsignificant (n456, df41, v243.0).

Ethnic Origin: All reports provided information on the
ethnic background of the patients. Forty-one (64%) of
the cases described were of Jewish origin. Of these, 35
patients were of Ashkenazi descent, and another 3 were
of mixed Ashkenazi/Sephardic origin. Three patients
were described only as “of Jewish descent.”

Twenty-two (36%) of the cases were not of known
Jewish descent. Of these, the ethnic origins included
Portuguese, French Canadian, German/Irish, and Po-
lish/Ukrainian.

It is possible that a portion of the increased frequency
of cases in Ashkenazi Jewish families has, in fact, been
related to testing bias. Several of the cases were identi-
fied during screening for infantile Tay-Sachs carriers,
which occurs predominantly in the Ashkenazi popula-
tion.29,33

Age at First Symptoms: Sixty case reports (93%) in-
cluded an approximate age at which symptoms were
first noted. Table 1 lists these symptoms and the pa-

tient’s age at the time. It was often difficult to ascertain
the precise age at which clinical expression of the illness
first appeared. Individuals were retrospectively de-
scribed in many of the cases as having been “always
clumsy” or “never a good athlete,” but these observa-
tions had not been recognized at the time as being signs
of a disease process, and they were not included as first
symptoms because of the vague dating and possibility
of retrospective bias. Similarly, early signs such as falls
or stuttering may have been overlooked or attributed to
other causes. Nevertheless, symptoms were noted by
the patient or family before the age of 20 in more than
80% of cases. Thus, often the denotation adult-onset gan-
gliosidosis actually refers to patients who have mani-
fested symptoms in childhood or adolescence.

There is great variability in the reported ages of symp-
tom appearance, ranging 1.5 to 42 years of age. Within
families there is some correspondence in the age of
symptom onset. Thirty-nine families accounted for the
60 individuals for which age at onset was provided; 14
families had more than one affected member. Of these,
12 families had members whose first symptoms ap-
peared within 5 years of the age at which other affected
family members first manifested symptoms. While we
acknowledge the problem of retrospective reporting, it
appears that families present with similar patterns of
onset, suggesting that time of onset may be related to
the specific mutation underlying the illness.
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TABLE 2. Frequency of neurologic findings in reviewed cases of
adult-onset GM2 gangliosidosis

Symptom n %

Speech disturbances 45 70
Stuttering 11 17
Dysarthria 35 55
Other 10 16

Ocular findings 17 27
Saccade abnormality 12 19
Gaze palsy 5 8

Movement disorders 34 53
Tremor 16 25
Dystonia 14 22
Dyskinesia 18 28

Neuromuscular abnormalities 52 81
Weakness/wasting 52 81
Fasciculations 16 25
Cramps 11 17

Reflex changes 45 70
Hypotonia 10 16
Hypertonia 22 34
Babinski sign 21 33
Primitive reflexes 4 6

Gait disturbances 37 58
Ataxia 18 28
Wide-based 15 24
Inability to ambulate 5 8
Other 3 4

Cerebellar dysfunction 25 39
Sensory loss 4 6
Cranial nerve abnormalities 0 0

Note: These percentages are conservative estimates; symptoms
may have been present but not noted in some reports. The
denominator for percentages was all case reports (n464). More
liberal estimates would have been obtained if the denominator had
included only cases that made explicit reference to presence or
absence of specific features.

Age at Evaluation: The age at which patients were ini-
tially evaluated was reported for all cases. For patients
followed over time, we have reported their age at the
time they were examined for the purpose of the case
report as well as the symptoms and signs apparent at
that time (Table 1). The majority of patients (67%) were
assessed between the ages of 20 and 40. There was usu-
ally a history of gradual progression of symptoms, and
often the precipitating factor that brought the patient to
medical attention was not identified. One-third of cases
were discovered after an affected family member had
come to attention,9,28,30,31,33,35–38,40,43,46 and a few patients
came to attention during routine screening for infantile
Tay-Sachs carriers.29,33,41

Neurological Features
The nature and frequency of neurological signs is shown
in Table 2. These signs reflect involvement of upper and
lower motor neurons, basal ganglia, and cerebellum,
with apparent sparing of sensory systems and cranial
nerves. Even within commonly affected systems, how-

ever, the extent to which each system is affected varies
greatly between individuals.50 For example, some cases
have presented as spinal muscular atrophy and others
as Friedreich’s ataxia, motor neuron disease, or spino-
cerebellar degeneration.42 It is noteworthy that move-
ment disorders such as dystonia and dyskinesia occur
in almost 50% of all patients. In the small number of
case reports that focus on the psychiatric disturbances,
there is a very high rate of movement disorders (75%),
including catatonia, raising questions about the relation-
ships among movement disorders, psychiatric illness,
and neuroleptic use in this subgroup. 49

Psychiatric Features

Psychosis: A mental status examination was reported
for 39 patients, and psychosis was noted in 21 (54%) of
these. A more conservative estimate of 33% is obtained
by dividing the number of occurrences of psychosis by
all case reports, including those that made no specific
reference to mental status. Given the available data,
therefore, psychosis appears to occur in one-third to
one-half of patients with AGG. This is consistent with
previous estimates; although Navon and colleagues38

estimated a prevalence of about 30% from the literature,
psychosis was present in 50% of patients from her own
series.38 Another review39 reported a prevalence of
about 30%, and in a more recently reported series of
patients, psychosis was present in 60% of AGG pa-
tients.52

Of the 21 patients who developed psychosis, 10 (48%)
were diagnosed with schizophrenia, usually of the he-
bephrenic type.30,39,41,49 Signs and symptoms included
auditory and visual hallucinations, paranoia, grimacing,
posturing, and regression to childlike behavior. Im-
paired consciousness, memory disturbance, and inabil-
ity to perform self-care were reported to accompany the
psychosis in several cases.39,45 Psychotic episodes of a
more transient nature have also been described during
the postpartum period,41 following the use of trypto-
phan,37 and secondary to trauma.9 Another patient had
three discrete episodes of paranoid psychosis, all of
which resolved with treatment.43

In a recent case report we described a patient who
received a diagnosis of schizophrenia at the age of 14
and was treated over 3 years with a variety of typical
neuroleptic medications in doses of up to 1,000 mg/day
in chlorpromazine equivalents, with no appreciable ben-
efit.49 When first assessed by us, he was catatonic and
was accordingly treated with lorazepam. As the cata-
tonia resolved and he began to talk, he described visual
hallucinations of a threatening nature, including sharks,
fires, and knives, and, in an interesting parallel to a pre-
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viously described case,45 snakes and insects. His presen-
tation had a regressive, childlike quality; for example,
he would pretend to be driving a sports car, moving his
hands as though on a steering wheel and making car
noises.

Mood Disorders: Eighteen case reports (27%) described
alterations in mood, and in several patients the mood
disturbance was a prominent and early manifestation of
the illness.33,38,45,47,48 Of the total number of patients with
reported abnormalities of mood, there was documen-
tation of mania or euphoria in 7 (41%).31,33,37,46,48 One
patient was psychotic during the period of euphoria,31

and psychosis was associated with a transient mood el-
evation after the administration of tryptophan37 in an-
other patient. Unipolar depression was described in 8
patients,29,38,45–48 3 of whom developed psychosis.45,47

Emotional lability was prominent in 2 patients, both of
whom were also described as psychotic.9,41 One patient
received a diagnosis of atypical manic-depressive psy-
chosis, but the reported clinical features included only
agitated depression, making it difficult to confidently
classify this case.46

We could find only 8 published cases that detail the
neuropsychiatric findings, treatment response, and
course of illness for patients with clear psychiatric syn-
dromes. These are summarized in Table 3.

Cognitive Function
Cognitive functioning was commented on in 35 (55%)
of the case reports, and 21 (60%) of these patients
were noted to be normal.1,28,29,31,32,35,37,43,46,48 For those in
whom impaired cognitive status was documented
(40% of those with a reported mental status exam),
the severity of the impairment ranged from mild mem-
ory deficits9,31,36,40,43 to significant global cognitive de-
cline9,39,48,49 and dementia.27,38 A low score on the
Wechsler Memory Scale was the most typical abnor-
mality reported on neuropsychologic testing.9,31 Little
detail is provided in the cases to indicate whether other
abilities such as visuospatial ability or new learning
remained intact. Indeed, we could find only 15 indi-
viduals for whom IQ results were actually re-
ported,9,31,36,39,40,48,49 and only 4 for whom IQ was mea-
sured serially over time.9,49 Three of these 4 patients had
a decline in IQ, and 1 showed no change from age 9 to
age 24.Our patient49 had an IQ in the normal range at
age 8, at which time he had a speech disturbance. At age
14, two years after he became psychiatrically ill, his IQ
was 57, placing him in the “mentally defective” range.
He was untestable at age 17. Repeat testing at age 18
revealed persistent severe cognitive limitations in lan-
guage, visuospatial abilities, psychomotor coordination,

and memory, with a full scale IQ of 60. There was evi-
dence of significant frontal lobe dysfunction, with per-
severation, confabulation, poor judgment and insight,
and complete inability to perform the Wisconsin Card
Sorting Test.

FAMILIAL INVOLVEMENT

As discussed above, AGG is transmitted by an autoso-
mal recessive pattern of inheritance. Relatives of af-
fected individuals may therefore be normal, they may
be carriers, or they may have the illness. Beyond the
recognition that the carrier states tend to have inter-
mediate levels of hexosaminidase, little attention had
been given to the potential for phenotypic expression of
the carrier state. Several reports have included hexosa-
minidase levels of patients’ families,44,45 but reports of
clinical findings in these people are lacking.

Hexosaminidase levels as well as clinical and neuro-
physiological changes have been reported for 14 carriers
in a family with a beta subunit mutation.50 Upper and
lower motor neuron signs, as well as psychiatric mani-
festations (depression, anxiety, behavioral changes)
were present to a variable degree in 13 of these hetero-
zygotes. Although we recognize the difficulty in quan-
tifying “behavioral change”or severity of “cramps”for a
numerical analysis, there appeared to be some relation-
ship between hexosaminidase level and extent of symp-
toms. We assigned point values to the symptoms de-
scribed by Federico et al.,50 based on the described
severity of the symptoms. We then totaled the symp-
toms present for each carrier that had a hexosaminidase
level provided (n413) and did a correlational analysis
plotting hexosaminidase level against symptom totals.
There was a significant correlation between hexosamin-
idase level and expression of symptoms in the carrier
state (n413, r40.75, r240.56, t45.5 where t[df412,
a40.01]42.68). It is well recognized that females who
are heterozygotes for inherited illnesses such as adren-
oleukodystrophy and fragile X syndrome can develop
clinical syndromes that range from mild to severe neu-
ropsychiatric impairment.52–55 It appears that pheno-
typic expression of the heterozygous state occurs in
AGG as well; it is thus important that all family mem-
bers of AGG patients receive a thorough neuropsychi-
atric examination in addition to measurement of hex-
osaminidase levels.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of AGG is extensive because
of the variability in clinical presentation. In any patient
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TABLE 3. Details of the neurological and psychiatric findings in 8 patients with adult-onset GM2 gangliosidosis (AGG)

Sex/Agea Neurological Findings Psychiatric Findings Treatment and Response Course of Illness

1. F 25/27
(Lichtenberg et al.41)

Speech impediment since
childhood

Progressive muscle
weakness prior to age 20

Waddling gait
Primitive reflexes

Mood lability
Garbled, pressured speech
Delusions
Disorientation
Uncommunicativeness
Dx: postpartum psychosis

Lithium: good on lithium
for 4 months, well at
l-year follow-up

One episode only

2. F 38/16
(Streiffler et al.45)

Dysarthria
Decline in school

performance
Hypotonia
Clumsiness
Ataxia
Involuntary movements of

face, tongue, mouth,
limbs

Aggressiveness
Paranoia
Severe psychomotor

retardation
Dx: hebephrenic schizophrenia

Neuroleptics: poor, better
without medication

Multiple
hospitalizations

Institutionalized age 31

3. F 44/42
(Streiffler et al.45)

Explosive, dysarthric
speech

Frequent falls
Truncal ataxia
Proximal muscle weakness
Involuntary movements of

lips and tongue

Recurrent depression
Prolonged psychotic episode

No treatment given Recurrent episodes
depression/psychosis

4. F 24/23
(Streiffler et al.45)

Stuttering, dysarthria
Staring
Gait instability
Muscle weakness
Memory impairment
Hyperreflexia, bilateral

Babinski responses

Depression
Paranoia
Catatonia
Vivid visual hallucinations of

small animals

Neuroleptics: poor, severe
EPS

Prolonged psychotic
episodes

Subsequent course of
illness note specified

5. M 14/19
(Renshaw et al.47)

Progressive weakness of
lower extremities

Poor school performance
Tardive dyskinesia

Cachexia, unkempt
Paranoid delusions
Chronic auditory

hallucinations
Severe depression
Catatonia

Neuroleptics,
antidepressants,
anticonvulsants, lithium:
only partially successful

ECT: dramatic
improvement

Nonpsychotic, stable at
5-month follow-up

6. F 37/20
(Hurowitz et al.48)

Seizures
Dystonia
Cognitive impairment

Recurrent depression with
abrupt onset and
termination

Anxiety
Confusion and disorientation
Grimacing, posturing
Paucity of response
Difficulty initiating movement
Perseverative speech

Multiple medications: all
without benefit

1st ECT course: no benefit
2nd ECT course: 2 grand

mal seizures after third
treatment, followed by
confusion 210 days

Alprazolam: some benefit

Not specified

7. M 24/31
(Hurowitz et al.48)

Poor balance
Abnormal gait
Muscle weakness

Depression
Lethargy
Poor motivation and initiative
Periods of increased energy,

excessive spending

TCA: no effect
MAOI: induced mania
Lithium: stabilization

Follow-up period not
specified

8. F 17/14
(Rosebush et al.49)

Stuttering/garbled speech
Dysphagia
Gait abnormality
Cognitive deterioration
Dystonia
Hyperreflexia
Incontinence

Psychosis
Paranoid and somatic

delusions
Auditory and visual

hallucinations of small
animals

Catatonia
Intense fear
Childlike, silly behavior
Hysterical, confabulatory

quality to presentation

Neuroleptics: severe EPS,
worsening catatonic state

Lithium: no effect
Lorazepam 9 mg/day:

good effect

Psychiatrically stable at
3-year follow-up

Neurologically
improved

Remains cognitively
impaired on
lorazepam 9 mg/day

Note: Reprinted, by permission, from The Journal of Clinical Psychiatry 1995; 56:347–353. ECT4electroconvulsive therapy;
EPS4extrapyramidal syndrome; MAOI4monoamine oxidase inhibitors; TCA4tricyclic antidepressants.

aFirst number4age at AGG diagnosis; second number4age at first psychiatric assessment.
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with psychiatric illness, the presence of neurologic
symptoms or cognitive impairment should raise the in-
dex of suspicion and lead to further evaluation.49,52 Sev-
eral storage diseases are likely under-recognized as ill-
nesses that may present in adulthood with psychiatric
features. In addition to AGG, as outlined here, X-linked
adrenoleukodystrophy,56 metachromatic leukodystro-
phy,57–63 ceroid neuronal lipofuscinosis,63–66 hepatolen-
ticular degeneration,67–69 Niemann-Pick type C,70,71 and
cerebrotendinous xanthomatosis72,73 should be included
in the differential when unusual or refractory neuropsy-
chiatric symptom clusters are present.

There are no pathognomonic physical findings asso-
ciated with AGG. Neither the characteristic macular
cherry-red spot apparent in the infantile form of Tay-
Sachs nor the visceral organ involvement seen in infan-
tile Sandhoff’s disease are present in the adult variants
of these diseases. Dysmorphism, characteristic of the
GM1 gangliosidoses, is not found in the GM2 gangliosi-
doses. The neurological signs and symptoms outlined
above may or may not be present in the early stages of
the disease.

Typical screening investigations will usually provide
no evidence of an underlying metabolic defect such as
AGG. Although there are reports of elevated lactate de-
hydrogenase and creatinine phosphokinase in AGG pa-
tients,1,31 these are nonspecific findings, and the majority
of case reports describe normal serum chemistries. Sim-
ilarly, EEGs are commonly normal. Cranial CT and MRI
studies often show cerebellar atrophy, although they too
can be normal.38,49 In a recent study, no correlation be-
tween clinical signs and radiologic changes (CT and
MRI) in AGG was demonstrated.74 We were similarly
unable to demonstrate a correlation between the pres-
ence of cerebellar signs in the clinical summary and the
reports of cerebellar atrophy in the cases reviewed.

Electromyographic (EMG) studies were abnormal in
89% of the 35 patients for whom results were reported.
Although Mitsumoto et al.36 have claimed to find a
unique pattern of complex repetitive discharges in their
AGG patients, there was no characteristic abnormality
reliably documented in association with AGG in other
EMG studies.

Thus, although imaging and EMG studies may doc-
ument the presence of an underlying neurologic process,
there are no findings in standard investigations to sug-
gest a diagnosis of AGG. It is important, therefore, to
order hexosaminidase levels from serum, leukocytes, or
cultured skin fibroblasts to diagnose AGG when it is
suspected. Rectal biopsy may confirm the presence of
myenteric plexus neurons swollen with cytoplasmic
membrane bodies, but this is not a necessary test for
diagnostic confirmation.

TREATMENT

There is no specific treatment for AGG. Neurologic se-
quelae are managed by supportive measures, along with
orthopedic and rehabilitative measures where indicated.

Treatment of the psychiatric manifestations of AGG is
controversial. Although Rubin et al.43 reported success-
ful treatment of an AGG patient in an acute paranoid
state, most reports suggest that neuroleptic medications
are rarely efficacious. Streifler et al.45 described 3 psy-
chotic patients with AGG who demonstrated poor re-
sponse to psychoactive medication. Hurowitz et al.48 re-
ported no benefit from medications in 2 other patients
with prominent mood disorders, and Renshaw et al.47

noted little effectiveness of traditional antipsychotics
and antidepressants in an individual with psychosis and
depression. Our patient49 received a long trial of high-
dose neuroleptic medication (mean daily dose 1,000 mg
in chlorpromazine equivalents) with no benefit. Thus,
from the data available it would seem that the efficacy
of neuroleptics in these patients is limited.

A further concern regarding the use of antipsychotic
medication in AGG patients comes from reports that
amphiphilic drugs, including phenothiazines and tri-
cyclic antidepressants, increase lipidosis.75,76 It has been
reported that patients with psychiatric symptoms and
AGG have a more severe illness course, with the as-
sumption being that treatment with these drugs wors-
ened the underlying illness. While this theoretical con-
cern is valid, there may be other ways to account for the
observed worsening of symptoms in AGG patients
treated with neuroleptic medication. Drugs such as neu-
roleptics can produce many of the extrapyramidal
symptoms commonly described in AGG patients inde-
pendent of worsening of the underlying disease process,
and the anticholinergic properties of neuroleptics can
cause sedation and cognitive impairment. Thus, a pa-
tient with AGG on phenothiazines might appear more
neurologically impaired, but this may represent drug
side effects rather than acceleration of the illness.

Individuals with a variety of brain lesions or abnor-
malities are, in general, believed to be more sensitive to
psychoactive medication. The presence of movement
disorders in untreated patients with AGG implicates the
basal ganglia and suggests that these patients might be
especially vulnerable to the extrapyramidal complica-
tions associated with the use of neuroleptics. Streifler et
al.45 noted that attempts to treat the psychosis of an
AGG patient resulted in “severe adverse reactions,
mainly of extrapyramidal type” and eventually led to a
catatonic state that resolved only after the medication
was discontinued. Thus, although AGG patients may
well be especially vulnerable to the effects of neuroleptic
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drugs, there are explanations for this sensitivity that do
not require an actual effect of the drug on the underlying
disease process.

In order to demonstrate such an effect, one would
have to have evidence of prolonged impairment of a
kind not typically produced by neuroleptics and per-
sisting after neuroleptics are discontinued. A worsening
of symptoms such as ataxia, dysphagia, dysarthria, or
muscle weakness with neuroleptic treatment is stronger
evidence for an association of drug and disease process
because these are not typical side effects of such medi-
cations. Our patient developed catatonia, gait distur-
bance, severe dysarthria and dysphagia, inability to per-
form tandem gait, and muscle weakness, all of which
corresponded temporally to neuroleptic use. Further-
more, withdrawal of the neuroleptics led to improve-
ment in speech and complete resolution of these neu-
rological abnormalities over 24 months without
psychiatric decompensation. We could find no other re-
ports of reversible worsening of disease by medication
use. At this point it is unclear whether our patient’s
improvement reflects a resolution of atypical side ef-
fects with neuroleptic withdrawal, improvement in
the underlying illness secondary to neuroleptic with-
drawal, or merely fluctuation in the natural disease pro-
gression.

The use of benzodiazepines in the patient we de-
scribed also raises the possibility of a therapeutic re-
sponse to benzodiazepines, particularly with respect to
his ongoing neurological and psychiatric improvement
long after there would have been complete washout of
neuroleptics. The efficacy of lorazepam in treating cat-
atonia has been documented.77,78 Although we know of
no other trials of benzodiazepine alone in the treatment
of psychiatric symptoms in AGG, our experience with
one patient suggests that benzodiazepines deserve con-
sideration as potentially effective therapy in AGG.

There are variable reports of the efficacy of lithium
carbonate in treating the psychiatric manifestations of
AGG patients. Treatment of postpartum psychosis in an
AGG patient with lithium carbonate brought about
complete resolution of the delusions within 18 days.41

Given that this patient had no prior or subsequent psy-
chiatric manifestations, however, it is possible that her

psychosis might have resolved over 3 weeks regardless
of the addition of lithium. Lithium in combination with
either tranylcypromine or carbamazepine has been re-
ported to be effective in several cases.47,48

Use of specific serotonergic reuptake inhibitors has
been reported in only 1 patient with AGG; fluoxetine
was initiated after electroconvulsive therapy (ECT) to
prevent relapse.47 The long-term benefit of this interven-
tion was not reported.

There are reports suggesting that ECT is efficacious in
treating the psychiatric symptoms of AGG.47,48 An AGG
patient with depression had been treated with multiple
antipsychotics and antidepressants without benefit.48

Although a good response to initial ECT was not ob-
served, there was a marked improvement following a
further course of ECT. Similarly, another patient with
psychosis and depression had only a partial response to
multiple medications.47 Improvement, including reso-
lution of chronic auditory hallucinations, was observed
after a course of seven unilateral ECT treatments.47 Al-
though reports of its use in AGG patients are limited,
the available literature suggests that ECT may represent
a valuable nonpharmacologic approach to treatment in
these patients.

SUMMARY

Although this review has focused on the neuropsychi-
atric aspects of AGG, the most important point to be
made is that in the presence of a mixed neuropsychiatric
picture or refractory psychiatric symptoms, considera-
tion should be given to unusual causes of psychiatric
illness, such as metabolic diseases. Metabolic defects
may underlie many more cases of atypical neuropsy-
chiatric presentations than have been previously rec-
ognized.79 Awareness and accurate diagnosis of diseases
such as AGG has significant implications for providing
prognostic information and for family genetic counsel-
ing. Diagnosis should also influence treatment selection,
since neuroleptics appear to have a higher than usual
risk/benefit ratio in these patients. Benzodiazepines and
ECT, alternatively, may be safe and efficacious therapies
for the psychiatric manifestations in AGG.
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