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Abstract 
Startle syndromes consist of three heterogeneous groups of disorders with abnormal 
responses to startling events. The first is hyperekplexia, which can be split up into the 
‘major’ and ‘minor’ form. The ‘major’ form is characterized by excessive startle reflexes, 
startle-induced falls, and continuous stiffness in the neonatal period. This form has a 
genetic basis: mutations in the alpha1 subunit of the glycine receptor, GLRA1, or related 
genes. The ‘minor’ form, which is restricted to excessive startle reflexes with no stiffness, 
has no known genetic cause or underlying pathophysiological substrate. The second 
group of startle syndromes are neuropsychiatric, in which excessive startling, as well 
as various additional behavioral features, occur. The third group are disorders in which 
startling stimuli can induce responses other than startle reflexes, such as startle-induced 
epilepsy. Diagnosis of startle syndromes depends on clinical history, electromyographic 
studies, and genetic screening. Further study of these disorders may enable improved 
discrimination between the different groups.
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Introduction 
To ‘startle’ means: ‘to undergo a sudden involuntary movement of the body, caused by 
surprise, alarm, acute pain, etc’.73 In this review, ‘startle reflex’ will be used to describe 
both the motor responses evoked by such sudden intense stimuli, as well as the 
underlying neuronal pathways. ‘Startle syndromes’ are heterogeneous in nature but are 
characterized by having abnormal responses to startling events. Three groups of startle 
syndromes are distinguished on the basis of the abnormal responses, and these will be 
discussed in turn.  
The first group concerns various forms of hyperekplexia. The Greek words ‘υpερ’ and 
’εκ-pλησσw’ together mean ‘to startle excessively’ and refer to the motor response 
pattern. The excessiveness of a startle reflex (‘hyperstartling’) however, is difficult to 
define on quantitative objective grounds, as the magnitude of startle reflexes varies 
considerably between subjects. The term “hyperekplexia” was introduced to define 
a specific hereditary disorder; we suggest that the use of this term is restricted to the 
‘major’ form of hyperekplexia (see hyperekplexia section). The label hyperekplexia 
is commonly reserved to describe cases in which the motor startle pattern has been 
quantified using surface electromyography.74

The second group concerns several neuropsychiatric disorders in which an exaggerated 
startle reflex can occur. Examples include culture-specific disorders such as the ‘Jumping 
Frenchmen of Maine’ and anxiety disorders. In these disorders additional symptoms 
such as copying behavior may help to reach a diagnosis. Startle motor patterns have 
not been investigated in detail in any of these disorders; this means that they cannot be 
identified on specific features as yet.
Finally, in ‘stimulus-induced disorders’, startling stimuli can evoke an abnormal response 
pattern (for example startle epilepsy) other than excessive startling.
The opposite of hyperstartling is ‘hypo-startling’; absent or reduced startle reflexes 
have indeed been described in progressive supranuclear palsy and dementia with Lewy 
bodies.75 However, the lack of startle reflexes does not seem to have any clinical relevance 
in these disorders, and for this reason they will not be described in this review. In this 
review we discuss the startle reflex and the three groups of startle syndromes; and some 
diagnostic hints are provided. We aim to provide an overview of hyperstartling and hope 
to improve the diagnostic skills of the reader.

Startle reflex
The startle reflex consists of a bilaterally synchronous shock-like set of movements. The 
most prominent features of the reflex are forceful closure of the eyes, raising the bent 
arms over the head, and flexion of the neck, trunk, elbows, hips and knees.47 This pattern, 
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Figure 1. The startle pattern of a 15-year old girl with a history of excessive startle reflexes. The EMG 
responses to eight auditory stimuli (104 dB SPL) were averaged. Three components of the orbicularis oculi 
muscle (OO) can be distinguished: the blink reflex, ASR and orienting response. Other responses consist of 
the sternocleidomastoid (SC), mastoid (MA), deltoid (DE ), abductor pollicis brevis (AP) and quadriceps 
(QU) muscles.
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which can be seen particularly following auditory startling stimuli, has been interpreted 
as the rapid accomplishment of a defensive stance with maximum postural stability.76 
Startle reflexes have been quantitatively analysed by Jacobson as early as 192677, and by 
Landis and Hunt in 1939.51 In 1991 Brown and colleagues performed an extensive study on 
the normal ASR in healthy subjects.47 

Studies of animals suggested that the auditory startle reflex (ASR) origi na tes in the caudal 
brainstem, more specifically the bulbopon tine reticu lar formation.78 The nucleus reti-
cu laris pontis caudalis appears particularly important.53 The differences in latency of 
electromyographic activity in various muscles provide clues about the identity of the 
startle “generator” in human beings.47 Conduction of efferent impulses both upwards 
and downwards from the generator, possibly in the medial reticular formation, is slow. 
The latency of activation of muscles thereby provides an estimate of the distance from 
the startle generator.47 The shortest latencies were 20-50 ms for the orbicularis oculi 
muscle.37, 45, 47 In the quadriceps muscle the latencies of the responses were 100-150 
ms.45 Electromyogram (EMG) responses in the intrinsic hand and foot muscles are 
particularly delayed.47 However, ASR EMG latencies are rather variable.45, 47, 79  

The recruitment order of muscles is consistent with a bulbo-spinal origin, except for one 
overly early muscle: the orbicularis oculi.45, 51, 80 Brown and colleagues solved the aberrant 
occurrence of the orbicularis oculi response by suggesting that the earliest orbicularis 
oculi activity did not in fact concern a startle response but an auditory blink reflex.47 
The blink reflex, known to start as early as 20 ms, is much less prone to habituation than 
the ASR and is considered mediated by pontine circuitry.81 The startle part of orbicularis 
oculi activity starts at about 60 ms, fitting well within the sequence of bulbar muscle 
activation as evidenced by other muscles.47, 81, 81 One consequence of this dual nature 
of orbicularis oculi activity is that a proper study of startle reflexes needs recording of 
more muscles than just the orbicularis oculi. The combined probability of response of 
various muscles is a usable measure of the magnitude of the ASR.58 

The ASR habituates rapidly: depending on the intensity of the stimulus it is almost 
entirely extinguished after 4 to 6 stimuli in normal subjects.47, 79, 82 An alternative way to 
study aspects of the startle reaction is the ‘start-react effect’. After a visual stimulus, an 
intended hand movement is performed as quickly as possible. The reaction time of the 
intended movement will shorten if the visual stimulus that precedes the movement, is 
combined with an acoustic startling stimulus.83, 84 The start-react effect is less prone to 
habituation and might therefore be a good alternative to measure an aspect of the ASR 
in a laboratory research setting.
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The ASR is highly modifiable. Reflex magnitude and latency are affected by stimulus 
intensity, the presence of a prestimulus just before the stimulus that evokes the startle 
reflex itself, the amount of ongoing muscle activity, the individual’s posture, focus of 
attention, and general psychological state.45, 61, 76, 85 The pathways of many of these 
influences are not fully known. After cortical damage, for example, ASR’s can both 
decrease86 and increase.87 Corticospinal motor pathways can exert inhibitory effects 
on the ASR, as children with cerebral palsy and hemiplegic patients due to a cerebral 
infarction showed an exaggerated ASR.88-90     
Emotional influences on the ASR are well established. Pathological clues include a 
decrease in ASR amplitude following a lesion of the right amygdala.91 These emotional 
influences are strong enough to have made the ASR an important method in the 
investigation of affective systems. The emotional state or emotional stimuli presented 
just before a startling stimulus affects the size of the ASR.37, 61, 92 

The brainstem mediated motor reflex forms the initial phase of startling and is roughly 
uniform from time to time and from individual to individual.56 This phase is followed 
by a secondary stage showing more variation. Pavlov described this as the ‘what-is-it?’ 
reflex; later reports identified the ‘orienting response’, described by Gogan.93 An orienting 
response consists of a shift of attention and perception, autonomic changes and postural 
adjustments and orientation towards the stimulus, as shown in electromyography. The 
orienting response includes variable, complex behaviors45, possibly due to psychological 
factors.93 

Hyperekplexia 
In 1966 Suhren and colleagues investigated members of a large Dutch pedigree 
with exaggerated startle reflexes and sudden violent falls, and named the disorder 
hyperekplexia80 (Figure 2). The mode of inheritance was autosomal dominant. Two 
clinical forms of the disorder were described in that pedigree: the ‘major’ and the ‘minor’ 
form.80 For the diagnosis of hyperekplexia ‘major’ form three features are needed94: a 
generalized stiffness after birth normalizing during the first years of life95; excessive 
startling to unexpected stimuli, particularly auditory, which is present from birth and 
lasts throughout life; and generalized stiffness that lasts a few seconds following a startle 
reflex.46, 80 The short-lasting temporary generalized stiffness often causes patients to 
fall forwards ‘as stiff as a stick’ while fully conscious. The hyperekplexia ‘minor‘ form 
occurred in the same pedigree. These patients only suffered from excessive startle 
reflexes.
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The term hyperekplexia has not always been used uniformly in previous published work. 
At times, it seems to cover all forms of hyperstartling regardless of their cause. In this 
review, we will conform to the previous published work and use hyperekplexia for all 
forms of hyperstartling, with the exception of patients with additional behavioral or 
psychiatric symptoms. These patients are classified as having a neuropsychiatric startle 
syndrome. In our opinion, it would be best to have a clear restriction of the use of the 
term hyperekplexia in future for the ‘major’ form of hyperekplexia as defined above. 
Therefore, we will make an effort to distinguish between the ‘major’ and ‘minor’ forms 
for hereditary, sporadic, and symptomatic hyperekplexia (Table 1).
Family history and additional clinical and radiological information provide the most 
important signs to distinguish between hereditary, sporadic, and symptomatic 
hyperekplexia. Sporadic hyperekplexia can be defined as hyperekplexia without a 
positive family history and without an established neurological cause, which accounts 
for the excessive startle reflex. In symptomatic hyperekplexia the excessive startle reflex 
is associated with neurological signs and symptoms that usually points to damage to 
the brainstem.96 The distinction between sporadic and symptomatic hyperekplexia can 
be difficult when thorough investigations show several neurological abnormalities, but a 
fitting neurological syndrome is lacking.97 

Figure 2. The startle reflex in a patient with the ‘major’ form of hyperekplexia. The drawings, based on high-
speed films, show the separate movements of the startle reactions in a patient from the Dutch hyperekplexia 
family with the ‘major’ form of hyperekplexia.80
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Hereditary hyperekplexia 
Hereditary hyperekplexia has so far been identified in more than 70 pedigrees.46, 80, 82, 98, 

100, 102-105 In most of these pedigrees hyperekplexia was restricted to the ‘major’ form but 
occasionally the ‘minor’ form occurred as well.46, 74, 80, 99, 101 Its presence remained unclear 
in some families.126

‘Major’ form
Neurological examination reveals a generalized stiffness in newborns, which allows 
babies to be held vertically or horizontally without any change in posture.80, 95 
The stiffness increases with handling and disappears during sleep. The ‘stiff-baby 
syndrome’127 is now also considered hyperekplexia. Adults with the ‘major’ form often 
walk with a stiff-legged, mildly wide-based gait without signs of ataxia.80 Tendon reflexes 
and tone are normal or slightly increased, but without extensor plantar responses or other 
clear evidence of a pyramidal syndrome.80 
Apart from startling and stiffness there are a few other noteworthy signs. One feature 
is the head-retraction response.80, 128 It consists of a brisk, involuntary backward 
jerk of the head after the root of the nose or the middle portion of the upper lip are 
lightly tapped with a reflex hammer. This is now a hallmark of hyperekplexia in stiff 
newborns128, but has also been described in children with cerebral palsy.88, 89 Additional 
features include periodic limb movements in sleep and hypnagogic myoclonus46, 98, 
abdominal herniation80, 82, sudden infant death80, 129, epilepsy80, 98, motor delay in the first 

Table 1. Excessive startle reflexes (hyperekplexia)

Hereditary hyperekplexia46, 80, 82, 98-105

Sporadic hyperekplexia96, 106-113

Symptomatic hyperekplexia
Cerebral

Children with cerebral palsy88, 89

Post-anoxic encephalopathy74

Occlusion of posterior thala¬mic arteries114 
Post-traumatic115 
Paraneoplastic115

Multiple sclerosis74, 116 and lateral sclerosis117

Cerebral abscess with encephalitis115 
Brainstem

Brainstem infarct118, 119 
Brainstem haemorrhage120 
Brainstem encephalopathy74, 121

Pontocerebellar hypoplasia122 
Posterior fossa malformations123

Medulla compression124

Multiple system atrophy125 
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year of life with subsequent catch-up46, 105, congenital dislo cation of the hips100, 108, 130, 
spastic paraparesis131 and mild retardation.80, 129, 132 Standard tests of serum, urine and 
cerebrospinal fluid,, computerized tomography, electroencephalography and magnetic 
resonance imaging reveal no abnormalities.80, 103, 129, 133, 134 

A mutation in the gene encoding for the alpha1 subunit of the inhibitory glycine 
receptor, GLRA1, has been identified in most pedigrees with the ‘major’ form (see 
Genetics section).80, 103, 105, 129, 133, 134 This defect may be regarded as the defining element 
of autosomal dominant ‘major’ hyperekplexia. In a few families with hyperekplexia 
recessive GLRA1 mutations134 or compound heterozygosity105, 133 have been reported. In 
some small hyperekplexia pedigrees no GLRA1 mutations were detected.46, 74, 108, 135, 136 
In these pedigrees a different gene might be involved or the patients could be affected by 
another startle syndrome.

‘Minor’ form
The hyperekplexia ‘minor’ form consists of excessive startle reactions without stiffness. 
These startle reflexes never begin in the neonatal period. Reports indicate a start in early 
infancy46, 137, childhood138, puberty74; in some reports the age at onset remained unclear.101, 

126 One pedigree was reported in which only the hyperekplxia ‘minor’ form occurred.99 

Genetic studies in patients with the hereditary hyperekplexia ‘minor’ form indicate 
that GLRA1 screening is of limited value. In a large Dutch family80 all patients with 
the hyperekplexia ‘major’ form, but none with the hyperekplexia ‘minor’ form, carried a 
GLRA1 mutation.94 In several pedigrees in which both hyperekplexia forms occurred no 
GLRA1 mutations were identified.46, 74, 135, 136 In four pedigrees with concisely described 
symptoms, GLRA1 mutations were found in members who may be affected by the 
hyperekplexia ‘minor’ form.126, 137-139

Sporadic hyperekplexia
Sporadic hyperekplexia has been reported in at least 117 cases, mainly representing the 
‘major’  form hyperekplexia.104, 106-113 The symptoms of the sporadic cases affected by 
the hyperekplexia ‘major’ form closely resembled those of the hereditary cases.106-108, 

110, 111, 113 One clinical difference are the commonly described attacks of tonic neonatal 
cyanosis.108, 111, 113 These tonic attacks are rarely seen in patients with a GLRA1 mutation85 
and can be stopped by the ‘Vigevano’ manoeuvre consisting of forced flexion of the head 
and legs towards the trunk.140
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GLRA1 mutations are typically not found in sporadic cases97, 108, 131, 141, but occasional 
recessive mutations102, 107, 110, 142, compound heterozygosity110 or ‘de novo’ GLRA1 
mutations110, 111 have been described (see Genetics section). Three patients were 
identified with mutations in other postsynaptic glycinergic proteins (see Genetics 
section).143-145 All genetically confirmed patients with sporadic hyperekplexia showed 
the classical ‘major’ form, except for one patient with a GLRA1 mutation who suffered 
from additional spasticity.146 In one patient with an X-linked mutation in the collybistin 
gene (ARHGEF9) additional severe epilepsy and mental retardation was reported.145 In 
the non-genetically confirmed cases with the ‘major’ form of hyperekplexia it is probable 
that other, yet undiscovered, genes are involved.

Sporadic ‘minor’ cases form a heterogeneous group96, 106, 109, 112 which can best be 
summarized as acquired idiopathic hyperekplexia, or late-onset hyperekplexia without 
other neurological signs.96 

Symptomatic hyperekplexia
Symptomatic hyperekplexia is probably quite rare; reported causes mainly involve 
brainstem or cerebral damage (Table 1). All cases of symptomatic hyperekplexia concern 
late-onset hyperekplexia without stiffness in the neonatal period and can therefore be 
clinically categorized as the ‘minor’ form. Some patients that are symptomatic fall after 
the startle reflex, but whether this is the consequence of stiffness or of the extreme 
startle movement itself is unclear.

Medication
Most drug reports are based on open studies or case reports. The most consistent 
effects are with clonazepam given to patients with hereditary or sporadic forms.46, 98, 

105, 147 Stiffness, in particular, improves with clonazepam but in a double-blind placebo-
controlled study the magnitude of motor startle reflexes in the ‘major’ hereditary form 
also responded favorably to clonazepam.147 Several other drugs have been tried with 
contrasting results, most published as case reports.104  
Clonazepam potentiates the inhibitory neurotransmitter gamma-aminobutyric acid 
(GABA). In various animal species, and presumably also in man, GABA-A and glycine 
receptors show a widespread co-localisation in the central nervous system.148 Patients 
have not been treated with glycine, but in an animal study, drugs that potentiate glycine-
receptor responses reversed the functional and behavioral effects of hyperekplexia 
mutations.149
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Genetics in hyperekplexia
In 1993, mutations were identified in the first hyperekplexia gene, GLRA1, located on 
chromosome 5q33-q35.129, 150 Glycine receptors are ligand-gated chloride channels that 
cause postsynaptic hyperpolarization and synaptic inhibition in the brainstem and 
spinal cord. These receptors are assembled into pentameric complexes that consist of 
combinations of α (α1 and/or α2) and β subunits, depending on the brain region and 
on the developmental stage.151 Several missense and nonsense mutations have been 
identified in autosomal dominant, recessive or compound heterozygote hyperekplexia 
(Table 2).152-169 Mutations affecting the arginine residue at position 271 are most 
commonly reported. The functional consequences of GLRA1 mutations are diverse 
and include loss of α1 protein, inability to form glycine receptor complexes, inability 
to insert receptor complexes into the plasma membrane, changed sensitivity for ligand, 
and channel gating abnormalities (Table 2).152-162, 165, 169 
Being subunits or binding proteins of GlyR complexes, GLRB (e.g. the β subunit), gephyrin 
and collybistin were considered candidate genes for hyperekplexia. Glycine receptors 
and specific subtypes of GABAA receptors are clustered at neuronal postsynaptic 
membranes by the action of gephyrin, a protein that is translocated to the cell membrane 
by the GDP-GTP exchange factor collybistin. Only very rarely mutations were identified 
in these three genes (Table 2).143-145 Genetic analysis of other components in the glycine-
receptor pathway is expected to find additional hyperekplexia genes.

Several animal models display hyperekplexia-like phenotypes (Table 2). The natural 
hyperekplexia mouse models with spontaneous mutations in the α or β subunits 
display autosomal recessive inheritance, indicating loss-of-function effects for these 
mutations.163, 164, 166-168, 170 The spasmodic (spd) and the oscillator (spdot) harbour 
mutations in the mouse ortholog of the GLRA1 (Glra1), whereas the spastic (spa) has 
a mutation in the β subunit.163, 166-168 Spd, spa, and spdot have overlapping phenotypes 
that bear striking similarities to human hyperekplexia, including muscle rigidity and 
tremor, spastic gait, and exaggerated startle reflexes.166-168, 170 
Transgenic mutants better resemble the dominant phenotype in human hyperek-
plexia.171-174 Heterozygous transgenic mice expressing human α1-subunit with the 
R271Q mutation displayed a pronounced startle phenotype.172 Heterozygous knock-in 
mice with the S267Q mutation in their Glra1 display a startle phenotype in heterozygote 
animals similar to the phenotype in oscillator mice.173 Poll Hereford cattle affected with 
myoclonus were found to have a Glra1 mutation.169
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Pathophysiology of hyperekplexia
‘Major’ form 
The afferent and efferent pathways of the startle reflex in hyperekplexia ‘major’ form are 
identical with those of the normal startle reflex.74, 85, 175 However, in the hyperekplexia 
‘major’ form the motor responses are larger and EMG burst durations of the orbicularis 
oculi and sternocleidomastoid muscles are prolonged compared to control values.74, 82, 85, 

96, 175 Further, latencies of the startle reflexes are abnormally short in the ‘major’ form.82, 

85, 175 Head-retraction responses have been measured, and their latencies were 15-20 ms 

Table 2. Genotype and phenotype of spontaneous hyperekplexia mutations. hyperekplexia:classical 
phenotype of ‘major’ form with excessive startle reflexes, stiffness in the neonatal period and stiffness 
related to the startle reflex. AD: autosomal dominant, AD*: de novo mutation, AR: autosomal recessive, CH: 
compound heterozygosity, XL: X-linked. LINE-1: long interspersed element L1; del: deletion.
Species Gene Location of mutation Mutation Mode of inheritance Functional effect Phenotype References

human GLRA1 N-terminal / N-terminal M147V / delC 601-605 CH no functional effect detected HPX 110
human GLRA1 N-terminal / M3-M4 loop W96C / R344X CH HPX 105
human GLRA1 N-terminal R100H AR HPX 134
human GLRA1 N-terminal Y202X AR loss of α1 protein HPX 110
human GLRA1 N-terminal -M1 R218Q AD* membrane insertion affected; 

decreased ligand sensitivity
HPX 111, 152

human GLRA1 M1 S231R AR membrane insertion affected HPX 142
human GLRA1 M1 I244N AR α1 cannot integrate into GlyR complex HPX 102
human GLRA1 M1-M2 loop P250T AD decreased ligand sensitivity;

channel gating affected
HPX 126, 153 

human GLRA1 M1-M2 loop R252H CH membrane insertion affected HPX 133, 154
human GLRA1 M2 V260M AD increased ligand sensitivity HPX 103, 152 
human GLRA1 M2 Q266H AD Increased ligand sensitivity;

channel gating affected
HPX 137, 152, 155

human GLRA1 M2 S270T AD HPX 156
human GLRA1 M2-M3 loop R271Q AD decreased ligand sensitivity; 

channel gating affected
HPX 94, 102, 131, 132, 139, 141, 150, 157, 158 

human GLRA1 M2-M3 loop R271L AD decreased ligand sensitivity; 
channel gating affected

HPX 110, 138, 139, 141, 150, 157-159 

human GLRA1 M2-M3 loop K276E AD decreased ligand sensitivity; 
channel gating affected

HPX, spastic 
paraparesis

131, 160, 161

human GLRA1 M2-M3 loop del exons 1- 6 AR loss of α1 subunit HPX 107
human GLRA1 M2-M3 loop Y279C AD HPX 132, 141
human GLRA1 M2-M3 loop Y279S AD HPX 162
human GLRA1 M3-M4 loop G342S AD no functional effect detected HPX, spasticity 110, 146
human GLRB G229D / Loss of exon 5 CH decreased ligand sensitivity HPX 143
human GPHN N10Y AD No functional effect detected HPX 144
human ARHGEF9 SH3 domain G55A XL mislocalisation of GABAA and GlyR receptors HPX , epilepsy 145
mouse Glra1 A52S AR decreased ligand sensitivity Spasmodic (spd) 163, 164
mouse Glra1 7-bp del AR reduction of adult α1 isoform Oscillator (spdot) 165, 166
mouse Glrb LINE-1 insertion AR down regulation of Glrb mRNA: loss of >90% of 

functional β subunits 
Spastic (spa) 167, 168

cattle Glra1 Y24X AR loss of β1 subunit myoclonus 169
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in the trapezius muscle in one study96 and <25 ms reflexes in cranial, spinal and limb 
muscles in another study.85

Tijssen and colleagues175 found a normal startle habituation in eight hyperekplexia 
‘major’ form patients with a GLRA1 mutation. However, others described decreased 
habituation.74, 85 Possible explanations for this discrepancy are either due to the definition 
of habituation85 or in the composition of the patient group, which in some reports 
included patients without GLRA1 mutations.74, 136 Autonomic responses, measured by 
the amplitude of psychogalvanic response, were increased in the hereditary ‘major’ form 
of hyperekplexia.175

Table 2. Genotype and phenotype of spontaneous hyperekplexia mutations. hyperekplexia:classical 
phenotype of ‘major’ form with excessive startle reflexes, stiffness in the neonatal period and stiffness 
related to the startle reflex. AD: autosomal dominant, AD*: de novo mutation, AR: autosomal recessive, CH: 
compound heterozygosity, XL: X-linked. LINE-1: long interspersed element L1; del: deletion.
Species Gene Location of mutation Mutation Mode of inheritance Functional effect Phenotype References

human GLRA1 N-terminal / N-terminal M147V / delC 601-605 CH no functional effect detected HPX 110
human GLRA1 N-terminal / M3-M4 loop W96C / R344X CH HPX 105
human GLRA1 N-terminal R100H AR HPX 134
human GLRA1 N-terminal Y202X AR loss of α1 protein HPX 110
human GLRA1 N-terminal -M1 R218Q AD* membrane insertion affected; 

decreased ligand sensitivity
HPX 111, 152

human GLRA1 M1 S231R AR membrane insertion affected HPX 142
human GLRA1 M1 I244N AR α1 cannot integrate into GlyR complex HPX 102
human GLRA1 M1-M2 loop P250T AD decreased ligand sensitivity;

channel gating affected
HPX 126, 153 

human GLRA1 M1-M2 loop R252H CH membrane insertion affected HPX 133, 154
human GLRA1 M2 V260M AD increased ligand sensitivity HPX 103, 152 
human GLRA1 M2 Q266H AD Increased ligand sensitivity;

channel gating affected
HPX 137, 152, 155

human GLRA1 M2 S270T AD HPX 156
human GLRA1 M2-M3 loop R271Q AD decreased ligand sensitivity; 

channel gating affected
HPX 94, 102, 131, 132, 139, 141, 150, 157, 158 

human GLRA1 M2-M3 loop R271L AD decreased ligand sensitivity; 
channel gating affected

HPX 110, 138, 139, 141, 150, 157-159 

human GLRA1 M2-M3 loop K276E AD decreased ligand sensitivity; 
channel gating affected

HPX, spastic 
paraparesis

131, 160, 161

human GLRA1 M2-M3 loop del exons 1- 6 AR loss of α1 subunit HPX 107
human GLRA1 M2-M3 loop Y279C AD HPX 132, 141
human GLRA1 M2-M3 loop Y279S AD HPX 162
human GLRA1 M3-M4 loop G342S AD no functional effect detected HPX, spasticity 110, 146
human GLRB G229D / Loss of exon 5 CH decreased ligand sensitivity HPX 143
human GPHN N10Y AD No functional effect detected HPX 144
human ARHGEF9 SH3 domain G55A XL mislocalisation of GABAA and GlyR receptors HPX , epilepsy 145
mouse Glra1 A52S AR decreased ligand sensitivity Spasmodic (spd) 163, 164
mouse Glra1 7-bp del AR reduction of adult α1 isoform Oscillator (spdot) 165, 166
mouse Glrb LINE-1 insertion AR down regulation of Glrb mRNA: loss of >90% of 

functional β subunits 
Spastic (spa) 167, 168

cattle Glra1 Y24X AR loss of β1 subunit myoclonus 169
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Most evidence favors the brainstem as the origin of the abnormal startle reflex in 
hyperekplexia ‘major’ form. Firstly, glycine receptors are concentrated in the brainstem 
and spinal cord in humans.150 Secondly, symptomatic hyperekplexia usually concerns 
brainstem damage (Table 1). Thirdly, the latencies of EMG responses point towards a 
brainstem origin: the EMG latency of the sternocleidomastoid muscle to taps on the 
head or face is very short, <20 ms.85, 96 As  the minimum delay in a cortical loop is 22.8 ms, 
shorter latencies need a shorter loop.176 Finally, eye movement recordings also suggest a 
brainstem origin with reduced peak velocity of horizontal saccadic eye movements.177  

In opposition to the brainstem hypothesis for excessive startling, some authors suggested 
a primarily cortical deficit in hyperekplexia ‘major’ form. An argument in favor of this 
hypothesis were giant evoked potentials178, but these were found in only a very small 
portion of hyperekplexia ‘major’ form patients. Frontal dysfunction was suggested 
in a sporadic hyperekplexia patient without a GLRA1 mutation97 and in a magnetic 
resonance spectroscopy study investigating patients without GLRA1 mutations.135 
Another magnetic resonance spectroscopy study showed no such abnormalities in 
patients with a proven GLRA1 mutation.179  

The pathophysiology of stiffness in hyperekplexia ‘major’ form has not been investigated 
in much detail. Disynaptic reciprocal inhibition was absent in patients with a proven 
GLRA1 mutation.180 As similar abnormalities are seen in patients with pyramidal tract 
lesions181, the stiffness in hyperekplexia may resemble that seen in pyramidal lesions. 
Functional tests of pyramidal pathways using transcranial magnetic stimulation 
revealed no abnormalities regarding stimulus response curves, cortical inhibition, and 
facilitation.105

‘Minor’ form
Startle reflexes in the ‘minor’ form of hereditary hyperekplexia differ substantially from 
those in the ‘major’ form: their latencies are longer and they do not habituate.182 Spinal 
motor excitability, as measured by reciprocal inhibition of H-reflexes, was normal in the 
hereditary hyperekplexia ‘minor’ form180, consistent with their lack of stiffness. Similar 
to the ‘major’ form, psychogalvanic responses were increased in the ‘minor’ form of 
hereditary hyperekplexia.182  
There are several hypotheses to explain how cases with the ‘minor’ form without an 
affected gene can occur in families with cases of the ‘major’ form with the gene defect.182 
The ‘minor’ form may represent a learned startle reflex in subjects subjected to family 
members with organic startle attacks. Prolonged latencies in the ‘minor’ form can be an 
indication of a psychogenic or psychiatric origin of the exaggerated startle reflex.183-185 
Moreover, excessive startling like the hyperekplexia ‘minor’ form may be much more 
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common than previously thought.106 A genetic predisposition to be ‘startle prone’ has 
been suggested.46, 186 The ‘minor’ form may represent a common variant of the startle 
reflex, coincidentally found in some hyperekplexia families.

In conclusion, the ‘minor’ and ‘major’ forms of hyperekplexia were originally thought to 
be different forms of the same gene defect80, but clinical, genetic and neurophysiological 
research proved this to be untrue. The nature of the ‘major’ form is broadly understood, 
and the origin of the ‘minor’ form is still largely a mystery.

Neuropsychiatric startle syndromes
Patients who develop hyperstartling later in life and have no stiffness are commonly 
said to have sporadic or symptomatic hyperekplexia (‘minor’ form). With this reasoning, 
many of the patients we would diagnose as having neuropsychiatric startle syndromes 
would be diagnosed as having ‘minor’ forms of hyperekplexia. In our opinion, the 
presence of symptoms in the specialties of behavioral neurology or psychiatry warrants 
inclusion in the neuropsychiatric group, among disorders such as various culture-
specific syndromes, Tourette’s syndrome, hysterical jumps, and anxiety disorders (Table 
3). As there are no detailed neurophysiological analyses, none of these disorders can 
be identified on specific features. If such data become available, these disorders can be 
reclassified accordingly.

Table 3. Neuropsychiatric startle syndromes
Culture-specific syndromes

Jumping Frenchmen of Maine187, 188

La tah187, 189

Myriachit187 
Hysterical jumps184 
Gilles de la Tou ret te syndrome190-192

Anxiety disorders37

The various forms of culture-specific syndromes were described in detail by Simons as 
‘startle-matching syndromes187 ; they all involve non-habituating hyperstartling evoked 
by loud noises or by being poked forcefully in the side. After a startle reflex, various 
other responses might be seen, including “forced obedience” (involuntary, immediate 
obedience to commands), which sometimes involves violent or humiliating acts, to the 
detriment of themselves and others. Echolalia and echopraxia are common. The most 
extensive descriptions concern Latah in Indonesia and Malaysia187, 189 and the Jumping 
Frenchmen of Maine.187, 188 Less extensive reports concern Myriachit in Siberia187 and 
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other rare entities.187 Hysterical jumps clinically closely resemble disorders like Latah, 
but are not culture-specific.184 
Unfortunately, there are no detailed physiological studies documenting the nature of the 
startle reflexes in these culture-specific startle-matching syndromes. The lack of such 
evidence has allowed a debate to develop focusing on whether these disorders should 
be seen as behavioral phenomena belonging in the cultural or anthropological realm186, 

193, or whether they represent a somatic neurological disorder in which only the actual 
expression is open to local cultural influences.187 The cause of the “jumping” phenomenon 
seems to be situational because of the type of response, the peculiar circumstances of 
onset, and clinical evolution.186 For example, the onset of the Jumping Frenchmen of 
Maine often coincided with the start of work as a lumberjack186 (See Appendix I for more 
details).
 
De la Tourette described motor and vocal tics, in association with an exaggerated 
startle reflex, obsessive-compulsive behavior and stereotyping, to date known as Gilles 
de la Tourette syndrome. Startle reflexes in Tourette’s syndrome showed contrasting 
results with enlarged EMG amplitudes and less habituation compared to controls in 
one study190, but no significant differences in others191, 192 Gilles de la Tourette suggested 
that “jumping” and Tourette’s syndrome shared a similar cause194 but they are now 
seen as different entities. The abnormal motor behavior in Tourette’s syndrome does 
not require any external stimuli but is due to an internal urge. Occasionally ‘external’ 
startle-induced tics have been described.195 In this overview these tics are classified in 
the third category, the startle-induced disorders.

Exaggerated startle reflexes are acknowledged symptoms of the hyperarousal criterion 
of post-traumatic stress disorder.36 Recognition of other anxiety disorders such as 
generalized anxiety disorder and panic disorder also depends partly on a hyperarousal 
criterion. However, whereas symptoms such as insomnia and irritability are generic 
anxiety symptoms, hyperstartling and hypervigilance are more characteristic of post-
traumatic stress disorder. Nevertheless, evidence is inconclusive about whether the ASR 
is, in fact, increased in patients with post-traumatic stress disorder and other anxiety 
disorders.37, 115 Unfortunately, the psychophysiological literature in question is commonly 
restricted to the response of the orbicularis oculi muscle. As stated, this response 
consists of a startle-induced blink reflex as well as a proper startle reflex, limiting a 
comparison with startle studies in hyperekplexia. One recent polymyographic study 
in post-traumatic stress disorder patients showed a normal startle reflex probability 
with prolonged electromyographic latencies, a high orienting response frequency, and 
enlarged amplitude of the psychogalvanic response compared with controls.185 Further 
polymyographic studies in anxiety disorders are needed to confirm these findings.
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The distinction between voluntary jerks and exaggerated startle reflexes as in 
post-traumatic stress disorder is not clear if the term “psychogenic” is used for 
both. Psychogenic startling cannot be simply equated with startling in psychiatric 
syndromes, in which unintended and exaggerated but “true” startle reflexes occur. In 
anxiety disorders, for example, exaggerated startling results from increased arousal196, 
a state that also increases startling in healthy subjects.61 Despite the distinction, there 
are clinical and possibly electrophysiological similarities between the psychogenic and 
psychiatric startle syndromes. Clinical evidence indicated that patients with voluntary 
or psychogenic jerks have a mean latency in excess of 100 ms and an inconsistent 
startle pattern.183 Voluntary stimulus-induced jerks in healthy volunteers mimicking 
an excessive startle reflex revealed a lack of consistency in the normal pattern of 
rostrocaudal muscle recruitment in the subjects.184 

In summary, neuropsychiatric startle syndromes have not been investigated in sufficient 
detail to allow unequivocal classification. Various internal and external influences might 
explain them, ranging from mimicking behavior through increased arousal to familial 
and cultural influences.

Stimulus-induced disorders 
A startling stimulus can trigger an excessive response other than an excessive startle 
reflex. These startle-triggered features are classified as stimulus-induced disorders 
(Table 4) and should be discriminated from hyperekplexia by detailed history, video 
registration, and electrophysiological testing. 

Startle epilepsy concerns an epileptic seizure precipitated by a sudden stimulus.197 A 
startling stimulus typically induces an asymmetric tonic seizure. In most cases patients 
are young and suffer from infantile cerebral hemiplegia. A combination of hyperekplexia 
and generalized myoclonic seizures has been reported in progressive myoclonus epilepsy 
due to different causes.200 In a single case of a child with aspartylglucosaminuria EMG 
recordings were performed and showed an excessive and not habituating motor startle 
reflex, occasionally followed by a generalized tonic seizure.212 

Reticular and propriospinal myoclonus resemble hyperekplexia. Hyperekplexia is 
clinically characterized by stimulus-sensitivity to the mantle area and the presence 
of tonic spasms. By contrast, stimulus-sensitivity is usually over the limbs in reticular 
myoclonus and abdominal in propriospinal myoclonus with spontaneous jerks occurring 
between induced jerks.202, 204 In cortical myoclonus the stimulus-sensitive myoclonus 
is usually distally located and focal.202 In reticular myoclonus the reflex is similar to 
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the startle reflex, but the EMG responses in the intrinsic hand and foot muscles are not 
delayed relative to more proximal limb muscles.74 In propriospinal myoclonus the initial 
EMG response is in abdominal rather than cervical muscles and the facial muscles are 
not involved.204 In cortical myoclonus electrophysiological studies reveal features of 
cortical reflex myoclonus, such as giant somatosensory evoked potentials, enhanced 
long loop reflexes, and pre-movement cortical spikes.213 

Startle-induced stiffness other than hyperekplexia is mainly formed by stiff-person 
syndrome.214Stiff-person syndrome is characterized by progressive axial stiffness 
and intermittent spasms, mainly evoked by unexpected stimuli. The combination of 
stiffness and startle-induced falls closely resembles the ‘major’ form of hyperekplexia. 
The stiffness in stiff-person syndrome is, however, nearly continuous, contrasting 
sharply with stiffness in adult hyperekplexia that only occurs after a startle and lasts 1–2 
seconds. Exaggerated startle reflexes have been reported in stiff-person syndrome205, 
but the number of polymyographic studies is limited. A study of brainstem reflexes 
illustrated that reflex excitation is exaggerated and inhibition is attenuated in both stiff-
man syndrome and familial or acquired hyperekplexia, indicating a pathophysiological 
relationship.96 The diagnostic work-up in stiff-person syndrome includes an EMG of the 
long back muscles showing continuous muscle activity.96

Table 4. Stimulus-induced disorders
Epilepsy

Start le epilepsy197, 

Startle-provoked epileptic seizures198

Pyridoxine-depen dent epilep sy199

Progressive myoclonus epilepsy due to different causes200

Reflex myoclonus
Cortical201

Reticular202, 203

Propriospinal204

Startle-induced stiffness
Stiff-person syndrome96, 205

Jerking stiff-man syndrome74, 206

Progressive encephalomyeli tis with rigidity74 
Strychnine poisoning207

Tetanus208 
Rest group

Paroxysmal kinesigenic dyskinesia209

Cataplexy210 
Late onset  startle-induced tics195

Creutzfeldt-Jakob’s disease211

Subacute sclerosing panencephalitis (SSPE)200

Pa ra neo pla stic115
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The “rest group” has diverse causes. In paroxysmal kinesigenic choreoathetosis, 
movements are initiated by an unexpected stimulus, but the movements concern 
chorea or dystonia rather than a startle reflex.209 Patients with cataplexy210, 215 show a 
loss of muscle tone due to unexpected stimuli rather than an increase in tone as in the 
‘major’ form of hyperekplexia. Cataplexy is most commonly induced by laughter, but may 
occasionally occur after being startled. It is of interest that patients with narcolepsy can 
have an excessive startle reflex.216 Incidentally, a normal startle reflex can induce a tic in 
tic disorders.195 In Creutzfeldt-Jakob’s disease211, subacute sclerosing panencephalitis200 
and paraneoplastic syndromes other clinical features are more prominent than the 
exaggerated startle reflex and help to reach a diagnosis. 

In summary, the phenomenology and pathophysiology of stimulus-induced disorders 
is diverse. In order to discriminate between hyperekplexia or neuropsychiatric startle 
syndromes and other stimulus-induced disorders a detailed history, video registration, 
and if necessary, electrophysiological testing are needed.

Diagnostic strategy 
When dealing with a case of hyperstartling an extensive history must be taken. A useful 
beginning is to distinguish whether startling stimuli induce hyperstartling or another 
response. If the response is a startle reflex, ‘major’ and ‘minor’ forms of hyperekplexia 
should be considered. Falling and stiffness provide useful clues: short-lasting startle-
related stiffness and continuous stiffness in the neonatal period form the most reliable 
clinical criteria for the ‘major’ form. Together with a positive family history and a 
positive head-retraction response, hereditary hyperekplexia is very likely, so screening 
for mutations in GLRA1 should be done. If the GLRA1 shows no mutation in familial 
and sporadic cases of ‘major’ forms of hyperekplexia, screening of other genes (eg, GLRB, 
GPHN, ARHGEF9) should be considered.
In patients with the ‘minor’ form additional brainstem abnormalities point toward a 
symptomatic form, and imaging should be done. In patients with a non-symptomatic 
‘minor’ form, the cause remains difficult to establish and a polymyographic startle-
EMG study should be done to determine whether the abnormal response can be 
classified as a startle reflex. The line between these ‘minor’ forms of hyperekplexia and 
neuropsychiatric causes of excessive startling is vague, but the presence of behavioral-
psychiatric symptoms should help.
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