
INVITED REVIEW ABSTRACT: Stiff-person syndrome (SPS) is a disorder characterized by
progressive muscle rigidity with superimposed painful muscle spasms and
gait impairment due to continuous motor activity. Evidence has accumulated
in favor of SPS representing an autoimmune, predominantly encephalomy-
elopathic disorder resulting from B-cell–mediated clonal production of auto-
antibodies against presynaptic inhibitory epitopes on the enzyme glutamic
acid decarboxylase (GAD) and the synaptic membrane protein amphiphysin.
Recognition of the clinical spectrum of SPS is important, particularly the
upper-limb, cervical, and cranial nerve involvement that occurs in paraneo-
plastic variants. The correlation between antibody levels and severity of
disease offers evidence for a pathogenic role for the anti-GAD and anti-
amphiphysin autoantibodies. The scarcity of neuropathological correlates
stand in sharp contrast with the severity of the disability in affected individ-
uals and suggests that functional impairment of inhibitory circuits without
structural damage is sufficient to develop the full clinical spectrum of SPS.
The rarity of this condition limits the feasibility of controlled clinical trials in
the treatment of SPS, but the available evidence suggest that drugs that
increase cortical and spinal inhibition such as benzodiazepines and drugs
that provide immune modulation such as intravenous immunoglobulin, plas-
mapheresis, and prednisone are effective treatments.
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The first description of stiff-person syndrome (SPS)
dates back to 1956, when Moersch and Woltman97

reported a series of 14 patients collected over 32
years, with unexplained fluctuating rigidity and
spasms but without pyramidal or extrapyramidal dys-
function. In 1988, Solimena et al.,139 while studying
a patient with SPS associated with epilepsy and type
I diabetes mellitus, found that the patient’s serum
and cerebrospinal fluid produced immunocyto-
chemical staining of all gray-matter regions identical

to those produced by antibodies to glutamic acid
decarboxylase (GAD). This discovery launched the
hypothesis of an autoimmune pathogenesis, which
was confirmed by subsequent investigators. Since it is
recognized that stiff-man syndrome occurs in
women, the eponym Moersch–Woltman syndrome
and, more commonly, stiff-person syndrome have
become current-use nomenclature for this disorder.

Areas of ongoing interest and debate in SPS in-
clude cases with additional neurological findings, such
as encephalomyelitis and cerebellar deficits; the asso-
ciation of anti-GAD antibodies with other diseases,
such as diabetes mellitus and seizures; and the high risk
of other autoimmune diseases, such as diabetes, hyper-
thyroidism, hypothyroidism, pernicious anemia, and
vitiligo. These issues will be addressed in this review.

CLINICAL FEATURES OF SPS

In its typical presentation (classic SPS), muscle rigid-
ity and superimposed episodic spasms begin insidi-
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ously over several months, affecting the lumbar and
thoracic paraspinal and proximal legs muscles. In the
trunk, the continuous muscle contractions produce a
board-like appearance of the abdominal wall; co-con-
traction of abdominal and paraspinal muscles may lead
to exaggeration of the normal lumbar lordosis (Fig.
1A,B). The spasms, often associated with intense pain,
typically begin with an abrupt jerk followed by tonic
activity that slowly subsides over seconds to, less com-
monly, minutes. Rarely, these spasms last days (status
spasticus).31 The initial fluctuating pattern of stiffness
gradually becomes sustained and the extent of the
contractions makes trunk bending and walking diffi-
cult. The gait, however, usually progresses to becoming
deliberate and slow, in part due to fear of falling (Fig.
1C). The stiffness only disappears during sleep, narco-
sis, or after administration of neuromuscular blocking
agents such as curare or intravenous diazepam.55 More
often, patients only complain of chronic low back
pain.51

The presence of task-specific phobias should not
prompt the clinician toward the consideration of a
psychogenic disorder, as this error often results in
missing the appropriate diagnosis.77 Anxiety and
phobias are caused by SPS rather than due to an
inherent phobic neurosis.2

Examination Findings in Classic SPS. Although the
neurological examination is typically considered
normal except for the global muscle stiffness, reflex
abnormalities may be present in SPS, with exagger-
ated muscle stretch reflexes and loss of abdominal

cutaneous reflexes.55 An important feature of the
spasms is their sensitivity to stimulation. Unexpected
tactile, auditory, or emotional stimulation can trig-
ger or exacerbate the spasms and exaggerate the
lumbar lordosis.14 Cutaneous stimulation of the legs
with light touch or pinprick may elicit ipsilateral
flexion of the hip and knee, dorsiflexion of the foot,
extension and slight abduction of the contralateral
leg, and extension of the lumbar trunk.95 Other
movements during the spasm may include extension
and pronation of the arms and inversion of the feet.
Pyramidal (except brisk tendon reflexes), extrapyra-
midal, lower motor neuron, and sphincter and sen-
sory disturbances must be absent for consideration
of this diagnosis.

Atypical Presentations and Findings. Besides asym-
metric limb presentations, the stiffness may spread
to other body parts, including the face (in 10 of 12
patients in one series).77 Spasms may be severe
enough to cause joint subluxations, femoral frac-
tures, or herniation of abdominal contents.9,55,120

When spasms affect the respiratory and thoracic
musculature, patients may have difficulty in breath-
ing.96 Fixed flexion of the limbs with frank opisthot-
onos have been described.120 Oculomotor abnormal-
ities have been reported recently, including gaze-
holding nystagmus, bilateral abduction weakness,
deficient smooth pursuit, impaired saccade initia-
tion, and hypometric saccades.41,145 Anti-acetylcho-
line receptor antibodies from a coexistent autoim-
mune disease, myasthenia gravis, may explain these

FIGURE 1. Enhanced lumbar lordosis (A,B). Note the cast on the left arm was due to a fracture sustained during a recent fall. Patients
have increased fear of falling, which may partly explain the board-like posture with arms extended seen during walking (C).
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findings in some patients.145 Paroxysmal autonomic
dysfunctions such as transient hyperpyrexia, dia-
phoresis, tachypnea, tachycardia, pupillary dilation,
and arterial hypertension are recognized.96 Rhabdo-
myolysis can be a potential complication of the ex-
cessive muscle contractions in SPS.109 Sudden death
can also occur due to acute autonomic failure.54,96

Associated Comorbidities. Patients positive for
anti-GAD autoantibodies are prone to autoimmune
diseases, especially diabetes mellitus type I.138 Indeed,
pancreatic � cells, the target of autoimmunity in insu-
lin-dependent diabetes, are among the few cell types
outside the central nervous system (CNS) that contain
GAD in synaptic-like microvesicles.117 Further,
anti-GAD autoantibodies are found in the majority of
type I diabetes patients, although at lower titers than in
patients with SPS.10,149 A series of 13 patients collected
at the Mayo Clinic over 30 years before 1989 suggested
that up to 70% of patients with classic SPS have insulin-
dependent diabetes mellitus (IDDM).80 When includ-
ing other autoimmune diseases or endocrinopathies
(e.g., Graves’ disease, pernicious anemia, and celiac
disease), the estimated collective prevalence of these
comorbidities reaches 80% of SPS cases.31,95,114 Family
history may be positive for IDDM, thyroid disease, sys-
temic lupus erythematosus, rheumatoid arthritis, myas-
thenia gravis, and vitiligo,31 but the prevalence of these
comorbidities in SPS is not known. Seizures are present
in about 10% of SPS patients77 and, conversely, anti-
GAD antibodies have been identified in non-SPS pa-
tients with localization-related epilepsy.106

Paraneoplastic SPS. Specific malignancies are asso-
ciated with SPS in about 5% of patients. Most of
these patients are positive for autoantibodies di-
rected against amphiphysin (see below).37,50 This
form of SPS was first reported in a case of pathology-
proven focal myelopathy in the setting of small cell
lung cancer, presenting with left-leg rigidity with
quadriceps myoclonus.119 Paraneoplastic SPS has
been reported in association with breast cancer,50

thymoma,143 and Hodgkin lymphoma,46,157 although
no autoantibody was isolated in the latter two in-
stances. Compared to patients with GAD-positive
classic SPS, there appears to be a greater prevalence
in patients with amphiphysin-positive paraneoplastic
SPS of cervical and upper-limb involvement,50,120

and occasional fixed deformities of an arm.95

CLINICAL VARIANTS OF NONPARANEOPLASTIC
AUTOIMMUNE SPS

There is growing recognition of disorders with pre-
sentations beyond axial rigidity, described by Brown

and Marsden as “SPS-plus syndromes,”17 presumed
to have poorer response to treatment and prognosis,
and a variable relationship to malignancies. Since
these entities were initially reported before their
association with anti-GAD autoantibodies became es-
tablished, their terminology continues to be based
on clinical deficits and area of involvement. A clini-
cal approach to the consideration of SPS and its
clinical variants is shown in Figure 2.

Progressive Encephalomyelitis with Rigidity and Myoc-

lonus (PERM). PERM, initially reported in 1976159

and subsequently termed the “jerking stiff-man syn-
drome,”76 is a severe and rapidly progressive end of
the SPS clinical spectrum. Axial and lower-limb stiff-
ness and rigidity are followed, after several years, by
the appearance of spontaneous and stimulus-sensi-
tive myoclonus and upper motor neuron signs.1,76

Spasms and generalized myoclonus may be accom-
panied by profuse sweating and other manifestations
of dysautonomia.68,90,159 Unlike SPS, brainstem signs
such as nystagmus, ocular motor impairment, reti-
nopathy, deafness, dysarthria, and dysphagia may be
prominent in PERM. Furthermore, the progressive
course, brainstem and cranial nerve involvement,
and long-tract signs distinguish PERM from SPS.95

Death occurring between 6 weeks and 3 years from
onset of symptoms highlights the relentless speed of
progression.12,17 Although anti-GAD autoantibodies
may be absent in some,12 their presence in others
suggest that PERM is related to SPS.22,154 Indeed,
when the presence of anti-GAD was ascertained in a
large number of neurological patients (301), the
combined prevalence of these autoantibodies in SPS
and PERM (13 and 9, respectively) for GAD-65 (see
Autoantibodies, below) was �80%, compared to 5%
in other neurological conditions, mainly in sporadic
progressive ataxia, but not in other recognized
neuroimmunological diseases.91 The increased anti-
GAD autoantibodies were interpreted as represent-
ing a pathogenic biomarker rather than a nonspe-
cific epiphenomenon of neuronal damage.91 After
many years, SPS may evolve into a clinical picture
resembling PERM, limiting the distinction between
these two clinical variants.96,142 In addition to cere-
brospinal fluid (CSF) findings of lymphocytic pleo-
cytosis with elevated IgG and oligoclonal bands,95

serum and CSF anti-Ri antibodies have been re-
ported in a PERM case with associated opsoclonus.24

The clinical deficits have been postulated to result
from neuronal loss in spinal central gray zones,
which, by affecting spinal interneurons, presumably
remove the inhibitory control of alpha-motor neu-

Stiff-Person Syndrome MUSCLE & NERVE December 2006 679



rons,63 and from degeneration of the long tracts in
the cervical spinal cord (“spinal neuronitis”).159

Focal Variant of SPS: Stiff-Limb Syndrome (SLS). Pa-
tients with SLS present with stiffness in one limb,
usually a leg.18,57,135 The presence of anti-GAD auto-
antibodies suggest that SLS is a focal variant of
SPS.126 The clinical overlap is highlighted by the
progression of some patients with SLS into classic
SPS (although the subsequent course may be atypi-
cal, with dementia and progressive ataxia in addi-
tion to the development of IDDM).95 When an arm
is predominantly involved, a paraneoplastic SLS
should be suspected.120,131

EPIDEMIOLOGY OF SPS

Usually occurring between the ages of 30 and 50
years, SPS is considered rare. No clear estimates of
prevalence of SPS are available in the literature, but
in a single center near Heidelberg, Germany, which
serves a population of 2–3 million people, 20 cases
were collected over a 10-year period.95 This suggests
a prevalence of �1:1,250,000, which may overesti-

mate the true prevalence in other countries. Both
men and women can be affected without known
gender predominance. The human leukocyte anti-
gen class II allele DR�1 0301 was found to be present
in 70% of SPS patients, but this finding is of unclear
significance.77

Patients with SPS and anti-GAD autoantibodies
often have other organ-specific autoimmune dis-
eases, in particular type I IDDM.138 Similar to SPS,
patients with IDDM may have autoantibodies against
GAD at or before diabetes onset, although usually at
a lower titer. Indeed, �72% of patients with SPS
carry the DQB1*0201 allele, which is a susceptibility
allele for IDDM and other autoimmune diseases.113

The presence of the IDDM-protective DQB1*0602
allele tends to be associated with a reduced preva-
lence of diabetes among patients with SPS.113 Other
associated comorbidities are Graves’ disease,104 hy-
popituitarism,52 and epilepsy.86 Slater proposed the
use of the term “hormonal stiff muscle syndrome”136

to emphasize the prevalence of endocrine disorders
in SPS. Symptomatic remission during pregnancy,
reported in one antibody-negative case,156 is a

FIGURE 2. Flow diagram for the diagnosis and initial management of patients with presumed SPS. HbA1C, hemoglobin A1C; TSH,
thyroid-stimulating hormone; EEG, electroencephalogram (to screen for SPS comorbidities); SLS, stiff-limb syndrome; PERM, progres-
sive encephalomyelitis with rigidity and myoclonus. Note that PERM variant can arise in either axial or limb-predominant forms. Comorbid
diabetes, thyroid disease, and epilepsy have not been reported in association with SLS.
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phenomenon of unknown prevalence and signifi-
cance.

As a paraneoplastic phenomenon, SPS is often
associated with anti-amphiphysin antibodies, which
are mostly associated with breast cancer. Although
small cell lung carcinoma is the most common un-
derlying malignancy in most paraneoplastic disor-
ders (especially encephalomyelitis with sensory neu-
ronopathy), SPS occurs in less than 3% of all
possible paraneoplastic presentations for small cell
lung carcinoma.125

PATHOGENESIS OF SPS

Circulating and intrathecal antibodies against GAD
prevent the conversion by this enzyme of the excita-
tory neurotransmitter glutamate to the major inhib-
itory neurotransmitter �-aminobutyric acid (GABA),
with reduced effectiveness of GABAergic inhibition
and potentially excess excitatory neurotransmis-
sion.139,158 In the most common form of SPS, these
antibodies react against the intracellular 65- and
67-kDa GAD isoforms.137 GAD is a cytosolic enzyme
and the synthesis of GABA takes place in the nerve
endings of GABA-secreting neurons.44 The GAD-65
and GAD-67 isoforms have different subcellular lo-
cations and are coded by genes on two different
chromosomes.21,43 GAD-67 has been suggested to
regulate the basal levels of GABA,83 and the corre-
sponding knockout mice die shortly after birth.8 By
contrast, the 65-kDa form of GAD serves as a regu-
latory enzyme responsible for short-term changes in
demand for GABA, suggesting that this isoform may
provide reserve pools of GABA for regulation of
inhibitory neurotransmission.83 GAD-65–knockout
mice exhibit no change in brain GABA contents, but
suffer from epilepsy and stress-induced seizures.7,67

In patients with SPS, there is marked intrathecal
antibody response against the neuronal GAD-65 iso-
form, indicating a clonal B-cell activation in the
CNS.32 The GABA-related inhibition from anti–
GAD-65 autoantibodies is presumed to affect both
interneurons in the spinal gray matter and intracor-
tical inhibitory neurons,77 leading to continuous
tonic firing of motor neurons and slow spasms. The
direct pathogenic role of anti–GAD-65 autoanti-
bodies has been questioned,70 partly due to the
intracytoplasmic location of GAD epitopes and the
nonspecificity of neuropathological changes.42,66

However, evidence of pathogenicity for the anti–
GAD-65 antibodies is supported from the observa-
tion that serum from antibody-positive SPS patients,
but not from patients without such antibodies, in-
hibit GAD activity in vitro and impair the synthesis

of GABA in crude rat cerebellar extracts without
causing structural changes in the GABAergic neu-
rons.38,65 This is, however, no confirmation that such
a phenomenon occurs in vivo. Similar impairment of
inhibitory neurons results from antibodies reacting
against amphiphysin in paraneoplastic SPS.158 The
pathogenicity of these autoantibodies has been sug-
gested both clinically and from animal studies. A
tight correlation between amphiphysin autoantibody
titers and severity of deficits was reported in a
woman with SPS, opsoclonus, and encephalopa-
thy.158 Although not established in vivo, dose-depen-
dent stiffness and spasms was elicited in rats injected
intraperitoneally with plasma filtrates of a patient
with SPS containing high titers of amphiphysin au-
toantibodies.140 This is an area of active interest and
ongoing research.

Pathology. There are few neuropathological studies
in SPS and their findings are variable. A number of
the initial studies showed no abnormalities or incon-
sistent findings.9,26,97,147 This lack of pathological
findings may be partly explained by the absence of
structural changes documented in vitro in GABAer-
gic neurons exposed to IgG anti–GAD-65 antibodies
from patients with SPS,38 suggesting that SPS is a
functional rather than structural disorder.32 Subse-
quently, however, anterior horn cell and spinal in-
terneuron loss with perivascular infiltration and gli-
osis of the spinal cord have been reported in classic
SPS.66,86,96,127,153–155 Neuronal density of small alpha-
motor neurons and gamma-motor spinal neurons is
reduced, whereas the density of cerebellar Purkinje
cells, known to contain high amounts of GAD,
may153 or may not66 be decreased. The PERM variant
demonstrates extension of perivascular lymphocyte
cuffing in the cerebral hemispheres and brain-
stem.154 It has been suggested that SLS may be due
to chronic spinal interneuronitis,18 but no patholog-
ical correlate has been identified. Similarly, and de-
spite the involvement of cortical inhibitory interneu-
rons,128 no cortical pathology has been reported to
date.

DIAGNOSIS

The diagnosis of SPS can be suspected based on
clinical features and supported with serological (au-
toimmune and paraneoplastic autoantibodies) and
electrophysiological testing. Diagnostic criteria for
the diagnosis of SPS were proposed by Lorish et al.80

and Brown and Marsden,17 and are modified and
updated in Table 1. A therapeutic challenge with
diazepam to help confirm the diagnosis62 is no
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longer encouraged, in part due to its high false-
negative rate.

Autoantibodies. The demonstration of autoimmu-
nity has become a required element of the diagnosis
of SPS. Anti-GAD and anti-amphiphysin are the most
important markers of autoimmune dysfunction. Var-
ious other autoantibodies, such as antinuclear, anti-
thyroid, antiparietal cell, antigliadin, and against
RNP, Jo-1, and intrinsic factor can be identified in
SPS but are believed to bear no direct pathogenic
relevance, except for the associated condition to
which they are related.31

Glutamic Acid Decarboxylase Autoantibodies. The
diagnosis of SPS, formerly considered a clinical di-
agnosis of exclusion, can be reliably made with the
aid of serological testing in more than 60% of pa-
tients.138,139 In carefully selected series of classic SPS
(i.e., after the SLS and PERM variants have been
eliminated), almost 90% of patients have anti-GAD
antibodies in blood and CSF.12 Most patients have
highly specific antibodies against the 65-kDa isoform
of GAD (GAD-65), the rate-limiting enzyme for the
synthesis of GABA at the GABAergic terminals.
These antibodies can be measured by immunocyto-
chemistry on frozen sections of rat cerebellum and
confirmed by Western blot of recombinant human
GAD-65. When the presence of serum and CSF titers
of anti-GAD antibodies is quantified, serum (from
7.0–215 �g/ml) and CSF (from 92–2,500 ng/ml)
titers are highly increased.32 Similarly strong immu-

noreactions with recombinant GAD-65 on immuno-
blot and with GABAergic neurons on rat cerebellum
increase the specificity for the diagnosis.32 This is in
contrast with IDDM patients, where the serum anti-
GAD titer is low (from 200–1,760 ng/ml) and there
is no reactivity to recombinant GAD-65.

Anti-GAD antibodies are not exclusive to the
SPS and have been described in cases of cerebellar
ataxia,61,124 palatal myoclonus,102 and Batten dis-
ease.25,105 Whereas GAD-65 autoantibodies of SPS
patients recognize a specific conformational C-
terminal epitope (amino acids residues 4 –22), au-
toantibodies from patients with IDDM or Batten
disease recognize different epitopes.114,116 Simi-
larly, epitope-specific anti-GAD antibodies are
likely present in patients with localization-related
epilepsy.106 Anti-GAD serology in patients with cer-
ebellar degenerations has been positive only when
IDDM or other organ-specific autoimmune disor-
ders are present.53,124,151 Although anti-GAD anti-
bodies in serum and CSF are an excellent marker
for SPS, their titers do not correlate with disease
severity or duration.115

Amphiphysin Autoantibodies. The first “paraneo-
plastic stiff-man syndrome” was reported in 1993 in
four women with breast cancer who were negative
for GAD-65 autoantibodies but had autoantibodies
against amphiphysin.37 Amphiphysin is a 128-kDa
synaptic membrane protein involved in synaptic-
vesicle endocytosis. This protein is present only at

Table 1. Diagnostic features of SPS.

Main characteristics Additional characteristics

Typical features Axial stiffness and rigidity Proximal limb muscles may be involved
Abnormal posture Hyperlordosis may develop late
Superimposed spasms precipitated by voluntary movements,

emotional upsets, and unexpected auditory
and tactile stimuli

Continuous motor-unit activity
in at least one axial muscle

Enhanced exteroceptive reflexes

Supportive features Anti-GAD autoantibodies* If GAD-negative: amphiphysin autoantibodies
(anti-gephyrin and anti-Ri are rare)

Exclusionary features Brainstem, pyramidal,
extrapyramidal or lower
motor neuron signs,
sphincter and sensory
disturbance, cognitive
impairment

Brainstem involvement is characteristic of the
PERM variant.

Occasional features Epilepsy
Endocrinopathy (diabetes mellitus type I, thyroiditis, pernicious anemia, Graves’ disease)
Transient dysautonomia (hyperpyrexia, diaphoresis, tachypnea, tachycardia, pupillary dilation, and

arterial hypertension)

*Anti-GAD autoantibodies are present in 90% of SPS patients. Other autoantibodies or additional evidence of autoimmune disease may be present in anti-GAD
antibody–negative SPS patients (see text).
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very low concentration in other tissues but is often
overexpressed in breast cancer cells.48,71 Similar to
GAD, amphiphysin is associated with the cytoplasmic
surface of synaptic vesicles and is concentrated in
nerve terminals. GAD and amphiphysin are the only
two known targets of CNS autoimmunity with this
distribution. Although amphiphysin autoantibodies
remain restricted almost exclusively to women, they
are not specific for either the clinical presentation or
its underlying malignancy. Amphiphysin autoanti-
bodies have been reported in patients with paraneo-
plastic encephalomyelitis, limbic encephalitis, cere-
bellar degeneration, and sensory neuronopathy; and
have been associated with small cell lung carcinoma,
thymoma, and ovarian cancer.4,39,112,125,145 Patients
with SPS due to breast carcinoma or thymoma may
also have anti-GAD antibodies.120,135,145

Gephyrin. Gephyrin is a cytosolic protein selec-
tively concentrated at the postsynaptic membrane of
inhibitory synapses, where it is associated with recep-
tors for GABA and glycine. Glycine is a major inhib-
itory neurotransmitter in the spinal cord. Gephyrin-
associated SPS has been identified in one patient
with gait stiffness, dysarthria, and dysphagia, due to
an undifferentiated mediastinal tumor, who likely
had the PERM variant.23 Gephyrin-knockout mice
exhibit stimulus-sensitive exaggerated rigidity remi-
niscent of SPS.45

Ri. There has been a single report of PERM
(dysarthria, dysphagia, prominent upper-limb and
cervical paraspinal muscle involvement, and no in-
volvement of abdominal or lumbar paraspinal mus-
cles) associated with anti-Ri autoantibodies.89

The various clinical syndromes reported with
each of these autoantibodies are summarized in
Table 2. In paraneoplastic SPS, chest computed to-
mography and mammography, as appropriate, are
recommended for the investigation of occult malig-
nancies. The use of 18F fluorodeoxyglucose (FDG)
whole-body positron-emission tomography (FDG-
PET) has been suggested. However, the number of
false positives and false negatives for this diagnostic
modality restricts its use to those cases in which
conventional imaging is negative or inconclusive or
when presumably causative lesions are difficult to
biopsy.161

Physiology of SPS. Continuous Motor Unit Activity.
Electromyography (EMG) is helpful to detect the
typical pattern of continuous low-frequency firing of
normal motor units in agonist and antagonist mus-
cles of the affected region simultaneously and at
least in one axial muscle. This motor-unit cocontrac-
tion firing, essentially indistinguishable from volun-
tary muscle contraction, persists despite attempts at
muscle relaxation by the patient, and lessens or dis-
appears during sleep and after spinal or general
anesthesia, indicating a central generator.15,121 The
appearance and rate of the motor unit action poten-
tial discharges, which have normal morphology, can
be readily distinguished from other abnormal dis-
charges that may be associated with stiffness, such as
neuromyotonia.

Monosynaptic Reflexes. The monosynaptic reflex
arc is also hyperexcitable in SPS, as shown not only
by brisk muscle stretch reflexes but also by the loss of

Table 2. Autoantibodies and clinical syndromes.

Autoantibody Malignancy Clinical syndromes

Anti-GAD None Classic SPS
Very high titers* In those with SLS:

Cerebellar ataxia
Dementia

Amphiphysin (Am) Breast cancer Rostral involvement (arms � legs) in some
Opsoclonus

SCLC Encephalomyelitis � sensory neuronopathy
Cerebellar ataxia
Opsoclonus

Ri Lung adenocarcinoma† Rostral involvement (upper trunk, hand action tremor)
PERM plus opsoclonus

Gephyrin Mediastinal carcinoma† Rostral (with brainstem) and caudal involvement

SPS, stiff-person syndrome; SLS, stiff-leg syndrome; PERM, progressive encephalomyelitis with rigidity and myoclonus; SCLC, small-cell lung cancer.
*Mildly increased titers of anti-GAD autoantibodies are seen in non-SPS conditions such as adult-onset epilepsy, diabetes mellitus, and other endocrinopathies.
†Anti-Ri and anti-gephyrin-associated SPS correspond to single case reports.
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vibration-induced inhibition of forearm and soleus
H reflexes. Vibration induced inhibition of the H
reflexes may result from presynaptic inhibition me-
diated by GABAergic spinal interneurons and by the
presynaptic phenomenon of postactivation depres-
sion. Either or both of these mechanisms may be
depressed in SPS.47,85,94,121

Exteroceptive Reflexes. Exteroceptive reflexes, elic-
ited from peripheral stimulation (tactile, auditory,
or electrical), including blink reflexes, are enhanced
excessively in SPS.56,93 These reflexes can be readily
elicited in an electrophysiology laboratory by deliv-
ering median or tibial nerve stimulation, usually in
train of 4 or 5 pulses, at intensities of 2 to 3 times the
sensory threshold (Fig. 3). These exaggerated
polysynaptic reflexes from nonpainful stimuli habit-
uate poorly and spread as reflex spasms into muscles
not normally involved in the reflex in both upper
and lower limbs as well as to the axial muscles.93

These enhanced exteroceptive reflexes show an
initial EMG burst at a short latency (50–80 ms)
followed by a period of tonic activity and large-
amplitude bursts of gradual, “tonic decrescendo”
activity.94,95 The recruitment order of muscles along
the neuraxis shows a slow spread up and down from
spinal cord entry, similar to that observed for pro-
priospinal myoclonus.94 Although both propriospi-
nal myoclonus and SPS predominantly affect truncal
muscles, propriospinal myoclonus has little or no
stimulus sensitivity and flexor preponderance,

whereas SPS is highly sensitive to stimuli and affects
both flexor and extensor muscles.94 The short la-
tency and stereotypical motor responses in the trunk
in SPS has led to the suggested name of “spasmodic
reflex myoclonus.” Since they are not present in any
other causes of muscle hypertonia, their presence
represents an important diagnostic feature of SPS.95

Startle Reaction. It should be noted that exag-
gerated startle reactions can superficially resemble
enhanced exteroceptive reflexes in SPS. Compared
to the enhanced exteroceptive reflexes, however, a
startle reaction has a shorter latency and is short-
lasting (20–400 ms). In a startle reaction, the muscle
recruitment after auditory stimulation follows a ste-
reotypical sequence from the fifth and seventh cra-
nial nerve nuclei (orbicularis oculi, sternocleidomas-
toid, masseter, biceps brachii, and occasionally lower
limb muscles), and the reflex rapidly habituates.19

The startle reaction is generated in the nucleus re-
ticularis pontis caudalis and is transmitted via the
reticulospinal system.35 SPS patients have a normal
startle response in cranial muscles but are exagger-
ated in truncal and lower-limb muscles, where it
habituates poorly.88 This finding suggests that the
brainstem generator for startle reaction is normal in
SPS but it projects to hyperexcitable spinal circuit-
ries.88 In contrast, in hyperekplexia or startle disease,
exaggerated and nonhabituating startle occurs in all
muscles involved in the startle reaction, suggesting
that there is hyperexcitability of the brainstem gen-

FIGURE 3. Exteroceptive reflexes shown by surface electromyographic recordings from the muscles of the right leg after stimulation of
the right tibial nerve at the ankle in a 55-year-old woman with SPS. Rectified, averaged record from six trials is shown. Stimuli were
delivered as a train of 4 pulses of 0.2 ms duration, 3 ms apart, at an intensity of 5.85 mA (sensory threshold, 1.95 mA). Note that there
are two phases of EMG response: a brief first phase (latency of 50 ms in tibialis anterior) followed by a second phase of longer latency
and duration.
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erator for startle.19,87 The physiological differences
between hyperekplexia and SPS may be related to
the finding that hyperekplexia is due to deficiency of
glycine-mediated fast inhibitory postsynaptic poten-
tials (IPSPs),133 whereas SPS, with less abrupt spasms,
may result from deficiency of GABA-mediated slow
IPSP. However, hyperexcitability in other brainstem
reflex pathways has been observed in both SPS and
hyperrekplexia.69,98

Head Retraction Reflex. This vestigial withdrawal
reflex of the face is elicited by gentle taps to the
glabella or nose bridge and is suppressed in healthy
subjects. It is exaggerated in hereditary and acquired
hyperekplexia146 and in a considerable proportion
of SPS patients,13 although it is not specific to these
conditions. It consists of short-latency (11–13 ms)
reflex activity in the orbicularis oculi and trapezius
muscles, followed shortly thereafter by the sterno-
cleidomastoid.13 This reflex may be helpful in distin-
guishing SPS from other conditions with focal or
generalized stiffness.

Cortical Involvement of SPS. Brain and spinal
computed tomography (CT) and magnetic reso-
nance imaging (MRI) are generally normal, with
rare exceptions.92,131 However, magnetic resonance
spectroscopy (MRS) demonstrates a reduction in
brain levels of GABA, predominantly in the sensori-
motor cortex and, to a lesser extent, in the posterior
occipital cortex.77,78 Transcranial magnetic stimula-
tion (TMS) studies in SPS patients have also shown
impaired cortical inhibition and increased cortical
facilitation.72,128 Specifically, short-interval intracor-
tical inhibition, which is likely mediated by GABAA

receptors,130,164 and the silent period, which likely
involves GABAB receptors,130,164 are both de-
creased72,128 and intracortical facilitation is in-
creased72,128 in SPS patients. Furthermore, in un-
treated patients the level of intracortical facilitation
is correlated with the level of GAD-65 antibodies in
the CSF.72 Brainstem hyperexcitability is identified
by the enhanced recovery of the R2 component of
electrically evoked blink reflexes.98

DIFFERENTIAL DIAGNOSIS

Possibly the closest related disease is tetanus because
both conditions affect central GABA mechanisms.
Tetanus toxin selectively blocks release of the inhib-
itory neurotransmitters glycine and GABA into syn-
apses in the spinal cord.27,28 Other infectious or
toxic disorders that may produce an SPS-like picture
are borreliosis,84 encephalomyelitis lethargica,152

and strychnine poisoning.59 The latter is due to com-
petitive postsynaptic antagonism of glycine receptors

in the spinal cord.162 Neuromyotonia, a peripheral
nerve disease, may cause rippling, painful muscle
spasms that, unlike those of SPS, persist after nerve
block, anesthesia, and sleep and appear more in
distal than proximal muscle groups.20,118 Satoyoshi
disease, although largely a disorder of the first two
decades of life, may present in adults with general-
ized painful muscle cramps and endocrine distur-
bances in addition to alopecia and intractable diar-
rhea, but none of the bone and joint deformities
seen in the young-onset cases.64 Importantly, both
neuromyotonia and Satoyoshi disease, like SPS, are
autoimmune disorders and may respond to the sup-
pression or removal of specific antibodies.6 Indeed,
voltage-gated potassium channel antibodies in neu-
romyotonia103 and, surprisingly, anti-GAD antibod-
ies in Satoyoshi disease,40 have been identified. In-
terestingly, both of these antibodies have been
reported in the same individual with thymoma-
associated neuromyotonia.5 An important caveat,
however, is that thymoma can be associated with
other (non-neuromyotonia) autoimmune neuro-
muscular hyperexcitable disorders such as cramp–
fasciculation syndrome and acquired rippling mus-
cle syndrome due to nicotinic acetylcholine receptor
(AChR) autoantibodies.106 Finally, rare focal lesions of
the spinal cord have been reported to cause an SPS-like
picture. These are intrinsic neoplasms,82,123 syringomy-
elia,144 trauma,108 and spinal cord ischemia.36

It should be noted that the stiff-baby syndrome is
the neonatal form of hyperekplexia, a condition that
presents at birth with hypertonia, exaggerated startle
reflex, and pronounced brainstem reflexes, includ-
ing head retraction reflex.3 The muscle stiffness typ-
ically recedes during the first year of life, but a
marked startle reflex, sometimes accompanied by
transient hypertonia, can persist throughout adult-
hood. Notably, some cases of hyperekplexia were
originally reported as congenital forms of SPS.129

Lastly, a childhood-onset SPS-like presentation was
reported in a boy with mutation of an autosomal
dominant dystonia gene (DYT1) and no anti-GAD
antibodies.160 His asymptomatic sister has diabetes
mellitus and anti-GAD antibodies but no DYT1 mu-
tation. DYT1 accounts for 90% of early limb-onset
generalized primary dystonia among Ashkenazi Jews
and in 40%–60% of similar non-Jewish cases.73,74

The investigations suggested for SPS-like conditions
are listed in Table 3.

TREATMENT

Enhancing GABA neurotransmission and removing
pathogenic antibodies are the aims of the current
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treatment strategies (Table 4). In general, drugs that
promote GABAergic inhibition, such as benzodiaz-
epines (diazepam and clonazepam) and baclofen,
and those reducing monoaminergic effects, such as
clonidine and tizanidine, diminish the severity of
spasms and stiffness.26,75,93 High-dose benzodiaz-
epines are known to abolish the excessive motor unit
activity.15,26 Oral baclofen provides relatively modest
relief of clinical symptoms111 compared to intrathe-
cal administration.107 The latter improved electro-
physiological measures (decreased mean EMG activ-
ity in exteroceptive reflexes, prolonged latency to
onset of response) in all of three patients but led to
clinical improvement in only one.134 Benefit has
been reported from the use of antiepileptic drugs
such as valproate,141 levetiracetam,122 vigabatrin,150

tiagabine,99 and gabapentin.148

The presence of pathogenic autoantibodies pro-
vides the rationale to consider immunosuppressants,
plasmapheresis, or intravenous immunoglobulin
(IVIg). Prednisone has brought benefits to selected
SPS patients.52,110 A randomized, placebo-controlled
cross-over design study demonstrated safety and ef-
ficacy of IVIg in 16 SPS patients with anti-GAD anti-
bodies.29,30 Several case reports have shown that plas-
mapheresis lowers antibody titers, reduces motor
unit activity, decreases exteroceptive reflex re-
sponses, and results in marked clinical improvement
in SPS patients.16,58,60,101 Antibody-negative patients,
however, are less likely to respond132 but patients
with the PERM variant may derive lasting remission
with this treatment modality.49 A dramatic response
with lasting clinical remission to Rituximab, an anti-
CD20 monoclonal antibody that specifically binds

Table 3. Investigations in SPS-like disorders.

Investigations Finding Disorder

Additional history
Laceration or open wound Suspect tetanus
Exposure to rat pesticide Suspect strychnine poisoning

EMG Neuromyotonic discharges Neuromyotonia
Laboratory studies Strychnine (urine or serum) Strychnine poisoning

VGKC antibodies Neuromyotonia
AChR antibodies Cramp-fasciculation syndrome

Acquired rippling muscle syndrome
GLAR1 gene mutation Hyperekplexia
DYT1 gene mutation Hereditary dystonia

CSF Lymphocytic pleocytosis Encephalomyelitis lethargica
PERM variant

Borrelia burgdorferi titers Neuroborreliosis (Lyme disease)

VGKC, voltage-gated potassium channel; AChR, acetylcholine receptor; GLAR1, gene encoding the �1 subunit of the glycine receptor.

Table 4. Treatment options in SPS.

Intervention Doses used Level of recommendation*

IVIg 2 g/kg IV in 2 daily doses One class I study
Plasmapheresis 4 double filtration plasma exchanges of 3,000 ml each

in an 8-day period
Two consistent class III studies

Prednisone 25–80 mg daily Several class IV studies
Baclofen 50 �g intrathecally One class I study

10–100 mg per day orally One class IV study
Rituximab 375 mg/m2 IV One class IV study
Diazepam Up to 100 mg daily Several class IV studies
Clonazepam 2.5–18 mg daily One class IV study
Valproate 600 mg to 2 g daily Several class IV studies
Levetiracetam 2,000 mg daily One class IV study
Vigabatrin 2–3 g daily Several class IV studies
Tiagabine 6 mg daily One class IV study
Clonidine 0.0025 mg/kg daily One class IV study
Botulinum toxin type A 500–1,000 U in L1–L5 paraspinal muscles Two class IV studies
Gabapentin 300–3,600 mg daily Expert opinion

*Class of studies163: I, prospective, randomized, controlled clinical trial; II, prospective matched group cohort study; III, all other controlled trials where outcome
is independently assessed or independently derived by objective outcome measurement; IV, evidence from uncontrolled studies, case series, case reports, or
expert opinion. Most of the above treatments were administered to patients with SPS associated with anti-GAD antibodies, with exceptions noted in the text.
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and destroys mature B lymphocytes, was recently
reported in a 41-year-old woman with anti–GAD-
positive SPS.11 Anti-GAD antibodies became unde-
tectable with this treatment, providing further sup-
port for SPS to represent a B-cell–mediated
autoimmune disease. This report is sufficiently
promising to warrant confirmation through a con-
trolled clinical trial.

Injections of botulinum toxin have been re-
ported to reduce the tone of paraspinal and thigh
muscles and result in marked improvement of am-
bulation and a cessation of pain.34 This observation
was confirmed in two bedridden SPS patients who
had bilateral improvement of rigidity and spasm fol-
lowing injections in one limb (argued to result from
hematogenous spread).79 The benefits lasted about
4 months. The use of tricyclic antidepressants may
worsen stiffness. Rapid withdrawal from therapy may
be life-threatening and should be avoided.93,100

Finally, the recognition of the neurological symp-
toms and signs of paraneoplastic SPS and their spe-
cific serum autoantibodies allow earlier identifica-
tion and treatment of the underlying cancer and,
potentially, a reduction in morbidity and mortality
derived from both the malignancy and the neuro-
logical manifestation.81 For paraneoplastic SPS, after
removal of cancer, if one can be identified, immu-
notherapy is accompanied by a significant improve-
ment of the neurological symptoms.33,50
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