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The differential diagnosis of paroxysmal conditions, as well as disorders of muscle tone (hypertension) in the neonatal 
period and in young children is quite complicated. Various states of the nervous system in newborns are transient and 
permanent, optimal and suboptimal, normal and pathological. Among them, we can mention non-epileptic paroxysmal 
states of early childhood. In some cases, non-epileptic paroxysmal states of early childhood is accompanied by motor 
disorders, manifested by an excessive increase in limb tone in newborns. This pathological condition of muscle tone in 
the English-language literature is referred to by the term stiffness baby (the syndrome of a “rigid” or “fettered” baby). 
Neonatal pathological muscle hypertonicity, unlike physiological hypertonicity of muscles of a newborn, is a rather rare 
condition. The article presents literature data and a description of the clinical observation of a patient with hyperekplexia. 
Hyperekplexia is a rare paroxysmal movement disorder in young children. The main clinical variants of the disease, methods 
of diagnosis and correction, the main mutations associated with this condition are considered. The article describes the 
own clinical observation of an early-age patient with hyperekplexia, its clinical picture, features of paroxysmal states and 
therapy, neuroimaging data, electroencephalographic phenomena recorded in the patient and genetic testing that confirmed 
the diagnosis of non-epileptic paroxysmal disorders. The child has a mutation in the ATAD1 gene associated with type 4 
Hyperekplexia (618011).
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Дифференциальный диагноз пароксизмальных состояний, а также нарушений мышечного тонуса (гипертонуса) 
в  неонатальном периоде и у детей раннего возраста достаточно сложен. Различные состояния нервной системы 
у новорожденных бывают транзиторными и перманентными, оптимальными и субоптимальными, нормальными 
и  патологическими. Среди них можно упомянуть неэпилептические пароксизмальные состояния раннего детского 
возраста, которым в некоторых случаях сопутствуют двигательные нарушения, проявляющиеся чрезмерным повы-
шением тонуса конечностей у новорожденных. Это патологическое состояние мышечного тонуса в англоязычной 
литературе обозначают термином stiffness baby (cиндром «ригидного» или «скованного» младенца). Неонатальный 
патологический мышечный гипертонус, в отличие от физиологического мышечного гипертонуса новорожденного, — 
достаточно редкое состояние. В статье приведены данные литературы и описание клинического наблюдения паци-
ента с гиперэкплексией. Гиперэкплексия — это редкое пароксизмальное расстройство движения у детей раннего 
возраста. Рассмотрены основные клинические варианты заболевания, способы диагностики и коррекции, основные 
мутации, с которыми ассоциировано данное состояние. Представлено описание собственного клинического на-
блюдения пациента раннего возраста с гиперэкплексией, ее клиническая картина, особенности пароксизмальных 
состояний и терапии, данные нейровизуализации, электроэнцефалографических феноменов, регистрируемых у па-
циента, и генетического тестирования, подтвердившего диагноз неэпилептических пароксизмальных расстройств. 
У ребенка выявлена мутация в гене ATAD1, ассоциированная с гиперэкплексией 4-го типа (618011).
Ключевые слова: гиперэкплексия; неэпилептические пароксизмальные состояния; новорожденные.
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Non-epileptic paroxysmal disorders represent 
a heterogeneous group of neurological disorders that 
are benign and cause diagnostic difficulties among 
clinicians due to the similarity of their manifesta-
tions with epileptic seizures. The main problem re-
mains in identifying and establishing the diagnosis of 
non-epileptic paroxysmal states of childhood [1, 2]. 
Variants of genetic syndromes associated with this 
pathology have been identified. This includes hyper-
ekplexia (HE), an encephalopathy caused by muta-
tions in the BRATI and GRIA4 genes. A mutation in 
the ATAD1 gene was also identified and described as 
a possible cause of persistent neonatal pathological 
hypertonicity [12, 15]. According to the classifica-
tion of epilepsy simulators, HE refers to the par-
oxysmal motion disorders. This rare disorder, noted 
in the newborns and infants, is characterized by the 
excessive startle reflexes in response to auditory, 
somatosensory, or visual stimuli, leading to tonic 
rigidity and generalized hyperreflexia, which can 
cause apnea and difficulty with feeding [1, 7, 13]. 
The disorder is often accompanied by nocturnal my-
oclonus. In most cases, this disease has an autoso-
mal dominant mode of inheritance, with full pen-
etrance and variable expression [11]. It is most often 
based on the mutation of arginine at position 271, 
which transforms β-alanine and taurine on the 
glycerol receptor from agonists to competitive an-
tagonists (GLRA1 gene). These changes affect the 
conductivity of chlorides through the α 1-subunit of 
inhibitory glycine receptors in the caudal region of 
the reticular formation of the pons, which leads to 
the overexcitation of neurons due to the weakening 
of glycinergic inhibitory effect [5, 8]. New genes 
responsible for developing HE (GLRB, SLC6A5, 
GPHN, ARHGEF9, etc.) have been found over the 
years of research [9]. There could also be sporadic 
cases [6, 10].

In the range of non-epileptic paroxysmal mo-
tion disorders, known as epilepsy simulators, the 
phenomenon of HE is most typical for newborns 
and infants.

The main clinical manifestation of HE is the 
startle reflex, which represents the involuntary bi-
lateral symmetrical movements of the muscles of 
face and body in the form of grimacing; blinking; 
abducting the arms; clenching the hands into a fist; 
and bending the neck, trunk, hips, and knees. Some 
authors describe the startle reflex as “fright” reflex, 
a “response to an unexpected stimulus” reflex. Nor-
mally, the startle reflex is determined in the fetus 
and healthy newborns in response to a sound stimu-
lus, followed by a rapid adaptation, and is present 
in varying degrees of severity throughout the life. 

In human ontogeny, the startle reflex is formed 
at the eighth week of gestation. It is advisable to 
divide startle syndromes into three main catego-
ries, which are HE and similar clinical conditions, 
stimulus-induced states (both epileptic and non-epi-
leptic), and neuropsychiatric disorders accompanied 
by the stimulus-dependent pathological responses. 
The physiological reflex is multiplied in HE. More-
over, HE interferes with the normal activity, and it 
could be provoked by various unexpected tactile, 
sound, or visual stimuli [3, 13].

Major and minor forms of HE are distinguished, 
depending on the timing of the onset, as well as 
the presence and severity of main symptoms. With 
a minor form of HE, only an excessive startle reflex 
is registered. The triad of the symptoms underly-
ing the major form of HE consists of congenital 
generalized stiffness, excessive “fearfulness,” and 
muscle stiffness during fright; nocturnal myoclonus 
is also often noted. At an older age, an excessive 
startle response is expressed in stiffness and sud-
den falls [7].

Infants with a major HE are at a high risk of 
sudden death syndrome. The occurrence of obstruc-
tive apnea due to oropharyngeal discoordination, 
followed by aspiration during feeding, or the oc-
currence of central apnea due to brain stem dysfunc-
tion are the mechanisms underlying this condition 
in HE [1, 2].

A typical trigger of HE is light tapping on the 
bridge of the child’s nose, which causes or increases 
the muscle stiffness. However, maneuver proposed 
by the F. Vigevano is a technique that could re-
lieve the stiffness and even save a child’s life in 
case of prolonged apnea. It comprises forced and 
simultaneous flexion of the head and legs, which, 
in most cases, terminates the paroxysm and restores 
spontaneous breathing [14].

Due to the similarity of this condition with ce-
rebral palsy, infantile forms of epilepsy, myoclonic, 
and atactic syndromes, and therefore its erroneous 
interpretation, a HE pediatric patient’s examina-
tion should include clinical, electrophysiological, 
molecular genetics, and neuroimaging approaches 
[1, 2, 4].

Interictal electroencephalogram in HE children 
does not reveal pathological patterns. The ictal elec-
troencephalogram typically shows motor artifacts, 
followed by a slowing section that is clinically con-
sistent with apnea.

The neuroimaging presentation in HE pediatric 
patients is nonspecific and in most cases, structural 
changes in the brain matter are not detected. Treat-
ment for HE depends on its form. Minor forms 
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usually do not require a drug therapy. However, in 
many other non-epileptic paroxysmal conditions with 
the major form of HE, treatment is necessary along-
with the use of the anticonvulsants. For treating the 
major form of HE, the drug of choice is clona zepam, 
an agonist of gamma-aminobutyric acid receptors, 
used in the doses of 0.03–0.2 mg/kg/day [2, 3]. 
The drug reduces HE manifestations; however, mus-
cle stiffness in most cases decreases insignificantly. 
Other drugs effective for HE includes clobazam, 
phenobarbital, valproic acid and its derivatives, and 
fluoxetine. The prognosis is favorable and with a 
correct therapy, no motor and cognitive deficits are 
registered in the long-term follow-up [2].

CLINICAL CASE
Two month old patient (Date of birth: 02/10/2020) 

was admitted to the intensive care unit (ICU) of 
the St. Petersburg State Pedagogical Medical Uni-
versity with a diagnosis of hypoxic injury of the 
central nervous system, spastic tetra paresis, body 
weight deficit by 29%, and acute obstructive bron-
chitis. The case history revealed that the child was 
born in the first pregnancy, which proceeded with 
a threatened miscarriage, anemia, gestational toxico-
sis, and acute respiratory viral infection (influenza). 
It was the first childbirth by a cesarean section. 
Birth weight was 4,300 g, body length was 57 cm, 
and Apgar score was 6/7 points. From birth, the 
child’s condition was assessed as severe due to the 
signs of respiratory failure, a syndrome of the cen-
tral nervous system depression. According to the 
medical records, convulsive syndrome was noted. 
Respiratory support was performed in CPAP mode 
(constant positive airway pressure). On the second 
day, the depression syndrome was replaced by in-
creased neuro-reflex excitability. Pneumonia was 
diagnosed, enteral nutrition was canceled, oxygen 
therapy under an oxygen tent was prescribed, and 
the child was transferred in a serious condition from 
the maternity hospital to the ICU. He received the 
infusion therapy, Mydocalm®, Hopantenic acid, and 
L-Carnitine. The child’s condition was stabilized, 
but the oxygen dependence persisted. No au-
diological or genetic screening was performed. 
On March 12, 2020, he was discharged under the 
supervision of a pediatrician of the primary care 
facility. After two days, the child’s condition was 
deteriorated, and the symptoms of central nervous 
system depression and shortness of breath intensi-
fied. The child was admitted to the pulmonology 
department. During the whole month, no positive 
changes were noted and the phenomena of spasticity 
increased consistently. The child was transferred to 

the clinic of the St. Petersburg State Pedagogical 
Medical University in a serious condition.

Upon admission, there were impairments of 
consciousness found; the patient reacted to the ex-
amination with a short-term opening of his eyes. 
The child did not fix the gaze and did not follow the 
objects. He had pseudobulbar disorders (impaired 
swallowing and sucking). The tone was signifi-
cantly increased in the extensor muscle groups of 
extremities. Joint movement was limited and tendon 
reflexes were extremely brisk. Several dysontogenic 
phenotypic aspects were revealed, such as a tallow, 
flattened face and bridge of the nose, a short nasal 
dorsum, a Gothic palate, and the circinate tongue. 
The patient had a wide and short neck and low 
deformed auricles. The chest was wide, with the 
nipple hypertelorism and diastasis of the rectus ab-
dominis muscles. The hands were pronated and first 
fingers were adducted. The patient had a hydrocele 
and inguinoscrotal hernia on the right, pathologi-
cal position of the feet. The child was examined 
by a geneticist and the presumptive diagnosis of 
Edwards syndrome or Pierre Robin’s syndrome 
was made.

Startle reactions to an unexpected stimulus 
(sound, flash of the light during photo-stimulation, 
touch) were noted. Generalized motor reaction 
(sudden startle) was accompanied by a periodical 
bronchospasm. The child showed paroxysmal states, 
such as apnea, myoclonus, and episodes that re-
sembled focal motor seizures, as well as episodes 
of bronchospasm during the case follow-up. The vi-
deo electroencephalogram was monitored over time; 
however, the data did not support the hypoth-
esis that the paroxysms were caused by epilepsy 
(Fig. 1).

At the age of three months, an MRI of the brain 
revealed symptoms of delayed myelination, includ-
ing an increase in the magnetic resonance signal of 
the posterior parts of the globus pallidus on both 
sides (Fig. 2).

The child’s condition remained critical, with im-
paired consciousness, extension contractures in the 
elbow and knee joints, and non-epileptic paroxys-
mal states, such as bronchospasm and apnea persist-
ing. Startle reflexes were pronounced and with any 
tactile stimulation, startle (generalized myoclonus) 
was registered. With the progression of neurological 
disorders, an increase in the cystic-atrophic changes 
was noted and hydrocephalus was formed. The data 
of MRI over a time, performed at the age of four 
months, are presented in Fig. 3.

The MRI, performed at seven months of child’s 
age, revealed a moderate increase in the severity 
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Fig. 1. Ictal electroencefalogpam of a child at the age of 
3 months. A myographic artifact is registered. There 
are no epileptic changes

Рис. 1. Иктальная электроэнцефалограмма ребенка в возрас-
те 3 мес. Регистрируется миографический артефакт. 
Эпилептических изменений нет

Fig. 2. Magnetic resonance imaging of a patient at the 
age of 3 months. Axial sections, T1 VI, T2 VI, Flair. 
The  signs of delayed myelination, were found to be 
symmetrical at the level of the perirolandic region. 
The architectonics of the furrows and convolutions 
have not been changed

Рис. 2. Магнитно-резонансная томограмма пациента в воз-
расте 3 мес. Аксиальные срезы, Т1ВИ, Т2 ВИ, Flair. 
Выявлены признаки задержки миелинизации, сим-
метричные на уровне перироландической области. 
Архитектоника борозд и извилин не изменена

Fig. 3. Magnetic resonance imaging of a patient at the age 
of 4 months. Axial sections, T1 VI, T2 VI, Flair. There 
is a negative dynamics in the form of cystic-atrophic 
changes in the large hemispheres of the brain with 
the formation of atrophic hydrocephalus. The appear-
ance of symmetrical subshell clusters in the form of 
subdural hygromas

Рис. 3. Магнитно-резонансная томограмма пациента в воз-
расте 4 мес. Аксиальные срезы, Т1ВИ, Т2 ВИ, Flair. 
Наблюдается отрицательная динамика в виде ки-
стозно-атрофических изменений в больших полу-
шариях головного мозга с формированием атро-
фической гидроцефалии. Появление симметричных 
подоболочечных скоплений в виде субдуральных 
гигром

Fig. 4. Magnetic resonance imaging of a patient at the age of 
7 months. Axial sections, T1 VI, T2 VI, Flair. There is 
a bilateral cystic encephalomalacia of the large hemi-
spheres of the brain, atrophic expansion of the external 
and internal liquor spaces – a moderate increase in the 
severity of changes. Bilateral chronic subdural hemato-
mas (hygromas) – a moderate increase in fluid volume

Рис. 4. Магнитно-резонансная томограмма пациента в воз-
расте 7 мес. Аксиальные срезы, Т1ВИ, Т2 ВИ, Flair. 
Отмечается билатеральная кистозная энцефаломаля-
ция больших полушарий головного мозга, атрофиче-
ское расширение наружных и внутренних ликворных 
пространства  — умеренное нарастание степени вы-
раженности изменений. Двусторонние хронические 
субдуральные гематомы (гигромы)  — умеренное 
увеличение объема жидкости

of atrophic changes. Bilateral cystic encephalomala-
cia of the cerebral hemispheres as well as atrophic 
hydrocephalus with dilatation of the external and 
internal cerebrospinal fluid spaces occured. Bilateral 
chronic subdural hematomas (hygromas) progressed 
(Fig. 4).

Considering the pronounced clinical presenta-
tion of brain damage (chronic impairment of the 
consciousness, spasticity, hypokinesia, and HE phe-
nomena) and an increase in the structural changes 
of brain, a genetic examination was performed 
to clarify the disease etiology. Sequencing of the 
exome was performed to determine the genetic 
damage (mutations) in the DNA that could cause 
hereditary disease. A mutation in the ATAD1 gene 

associated with type-4 HE was revealed (618011). 
DNA change was 10:g.89514551C>A. HE-4 is an 
autosomal recessive disease which has the onset 
in the neonatal period and whose phenotypic char-
acteristics coincide with the data of our patient. 
A homo/hemizygous variant, not previously de-
scribed in the literature, which leads to the emer-
gence of a stop codon with an unclear clinical 
significance was revealed. To clarify the variant 
pathogenicity, it is recommended to examine the 
patient’s parents (Sanger trio sequencing).

Therefore, we present a clinical case of the “con-
strained” (or “rigid”) child syndrome caused by a 
mutation in the ATAD1 gene, which encodes thorase, 
AAA + adenosine triphosphatase, involved in the 
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control of postsynaptic receptor internalization. Typi-
cal clinical signs common to all patients with this 
disease, such as muscle hypertension, absence of the 
spontaneous movements, almost complete absence of 
motor development, and the phenomenon of HE, were 
registered in this child. This phenotype is character-
ized by the intractable episodes, hypertension, and is 
caused by the biallelic mutations in the BRAT1 gene.

CONCLUSIONS
This clinical case may be of practical interest to 

specialists, such as neurologists, neonatologists, and 
pediatricians because it highlights the fact that in the 
presence of pathological hypertonicity with paroxys-
mal conditions in infants, encephalopathy caused by 
a mutation in the ATAD1 gene and childhood epi-
leptic encephalopathy, which is a lethal rigi dity and 
multifocal seizure syndrome with a similar clinical 
presentation, should be ruled out first.
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