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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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OuddepeHumnanbHblii AMArHO3 NApOKCM3MalbHbIX COCTOSIHWMIA, @ TakXe HapyLleHUI MbIWeYHOro TOoHyca (rMnepToHyca)
B HEOHaTa/bHOM Mepuoje M y AeTeil paHHero Bo3pacTa AOCTATOYHO CAOXeH. PasnnyHbie COCTOSHUS HEPBHOM CUCTEMBI
Yy HOBOPOXAEHHbIX 6bIBAIOT TPAH3UTOPHLIMU WM MEPMAHEHTHbIMU, OMNTUMANbHBIMK U CYBOMTUMANbHBIMU, HOPMANbHbIMU
n natonornyecknumu. Cpeim HUX MOXHO YMOMSHYTb He3NWAenTUYeCcKMe NapoKCM3MarbHble COCTOSHUS paHHero AEeTCKOro
BO3pacTa, KOTOPbIM B HEKOTOPbIX C/y4yasx COMYTCTBYHT ABUraTeNibHble HapyLeHWUs, NPOoSIBAAIOWMECS YpE3IMEPHbIM MOBbI-
WEeHMEM TOHYCa KOHEYHOCTeN Yy HOBOPOXAEHHbIX. DTO MATONOrMYECKOe COCTOSIHWME MbIWEYHOro TOHYCA B aHMI0S3bI4HOM
nuTepaTtype 0603HavalT TepMmUHOM stiffness baby (CMHAPOM «pUrMAHOTO®» MU «CKOBAHHOIO» MAafeHLua). HeoHaTanbHbIM
NaToNOrMYECKUA MbILWEYHbIA TMNEePTOHYC, B OTIMYME OT GU3MONOrMYECKOrO MbILUEYHOrO FMMNepTOHYCa HOBOPOXAEHHOTO, —
[LOCTaTOYHO peAKoe COCTosHMe. B cTaTbe npuBeAeHbl AaHHbIe TUTepaTypbl U ONMCaHWE KAMHUYECKOro HabnoaeHns nauu-
€HTa C runepaknnekcmen. funepakniekcms — 370 peAkoe MapoKCM3ManbHOe pacCTPOMCTBO ABMXEHUS Y AeTel paHHero
BO3pacTa. PaccMoTpeHbl OCHOBHbIE KJIMHMYECKUE BapUaHTbl 3a60neBaHuns, cnocobbl AMAarHOCTUKM U KOPpPeKL KU, OCHOBHbIE
MyTaLuu, C KOTOPbIMU acCOLMMPOBAHO AAHHOE COCTOsHMe. [peacTaBneHO onucaHue COHBCTBEHHOTO KJIMHMYECKOro Ha-
6nt0feHMs NnauMeHTa paHHero Bo3pacTa C rMnepakniekcuen, ee KAMHUMYECKas KapTUHa, 0COBEHHOCTU NMapOoKCM3ManbHbIX
COCTOSIHUI U Tepanuu, faHHble HeMpoBMU3yanusaumm, anekTposHuedbanorpapuyecknx beHoMeHOB, perucTpupyemblxX y na-
LMeHTa, U FeHeTMYeCKOro TeCTUPOBAHMUS, NOATBEPAMBLLErO AMATHO3 HE3MUIENTUYECKMX MapOKCM3ManbHbIX pacCTPOMCTB.
Y pebeHka BbisiBNneHa MyTauus B reHe ATADI, accoumMmpoBaHHag C runepaknnekcuen 4-ro tuna (618011).

KntoueBbie cnoBa: rmnepaknnekcnsa; Heannnentnyeckme napokCmn3amMasibHble COCTOAHUA; HOBOPOXAEHHbIE.
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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 ATADI 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 f-alanine and taurine on the
glycerol receptor from agonists to competitive an-
tagonists (GLRAI gene). These changes affect the
conductivity of chlorides through the o 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, SLC6AS,
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 clonazepam,
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

MkTanbHas anekTposHuedanorpamma pebeHka B Bo3pac-
Te 3 mec. Pernctpupyerca muorpacuueckunin apredakr.
SnunenTUYEeCKUX U3MEHEHUI HeT

Puc. 1.

4

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

Puc. 3. MarHuTHO-pe3oHaHCHas TOMOrpaMMa naumeHTa B BO3-
pacte 4 mec. AKcuanbHble cpesbl, T1BU, T2 BU, Flair.
Ha6nopaetcs oTpuuaTtenbHas AMHAMMKa B BUAE KM-
CTO3HO-aTPO(UUYECKMX UZMEHEHMI1 B GOnbLIMX nony-
WapuaxX roloBHOro mMosra ¢ ¢opMUMpOBaHUEM aTpo-
¢uueckoit rugpouedanum. NossneHne CUMMETPUUHDBIX
noAo060104€eYHbIX CKOMNEHUI B BuAE Cy6aypanbHbiX
rurpom

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 A7ADI gene

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

MarHuTHO-pe3soHaHCHas ToMorpaMMa nauMeHTa B BO3-
pacte 3 mec. AkcuanbHble cpesbl, TLBU, T2 BW, Flair.
BbisiBNIeHbl NMPU3HAKW 3aAEPXKKM MUENMHU3ALUK, CUM-
MEeTpUYHble Ha YpPOBHE NepuponaHAUyYecKoi obnactu.
ApXuUTEKTOHMKa 60p0o34, U U3BUIUH HE U3MEHEHA

Fig. 2.

Puc. 2.

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
MarHuTHO-pe3oHaHCcHas ToMorpaMMa nauMeHTa B BO3-
pacte 7 mec. AkcnanbHble cpesbl, TIBU, T2 BW, Flair.
OTMevaeTcsa 6unarepanbHas KUCTO3Has dHUedanomans-
umsa 6onbLIMX NoAyLIapUiA FONIOBHOFO MO3ra, aTpoduye-
CKOE pacLUMpeHne HapYXXHbIX U BHYTPEHHUX IMKBOPHbIX
NPOCTPaHCTBA — YMEpPEHHOEe HapacTaHWe CTeneHu Bbl-
PaXKEHHOCTU U3MEeHeHui. [IBYCTOPOHHME XPOHUYeCcKue
cy6aypanbHble rematombl (TMrpoMbl) — YyMepeHHoe
yBenuueHue o6bemMa X1AKOCTHU

Puc. 4.

associated with type-4 HE was revealed (618011).
DNA change was 10:2.89514551C>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 4TAD1 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 BRATI 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 ATADI gene and childhood epi-
leptic encephalopathy, which is a lethal rigidity and
multifocal seizure syndrome with a similar clinical
presentation, should be ruled out first.
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