Hypotonia

[: DEFINITIONS ]

Tone : is defined as the resistance to passive movement.
Muscular tone is conventionally separated into phasic and
postural types.

Phasic tone is the result of rapid stretching of a tendon,
attached muscle, and most importantly, the muscle spindle.

The response is rapid and short-lived.

. Postural tone is the result of a steady, restrained stretch on
tendons and attached muscles, with resultant protracted
contraction of the involved muscle. Gravity is the most
common stimulus for this response.

Hypotonia is decreased resistance to passive movement.

. Hyperextensibility of the elbows, wrists, knees, and ankles,
usually accompanies hypotonia but is not pathognomonic.
« The term *floppy” is frequently used to describe hypotonic

infants
. Weakness vs Hypotonia

-Weakness is reduction in the maximum power that can be

generated

- Weak infants always have hypotonia, but hypotonia may

exist without weakness.
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[ PATHOLOGY ]

The central and peripheral nervous systems modify tone, but intrinsic physical
characteristics of the tendons, joints, and muscles and the anatomic
interrelationships of these structures also contribute significantly to tone.

The final common pathway of upper or lower motor unit modification of tone is
through the gamma loop (fusimotor) system.

Through the effect on the gamma motor neuron that portions of the CNS (i.e, motor
cortex, basal ganglia, vestibular nuclei, reticular formation, and cerebellum) modify

tone, with ensuing hypotonia or hypertonia (i.e, spasticity)

Intimately involved with monitoring and effecting tone are the two stretch-sensitive

muscle receptors — the muscle spindles and the Golgi tendon organs

It also has become evident that nonreflex, mechanical mechanisms are involved in

the maintenance of resting muscle tone

Sensory endings wrap around the central sections of the intrafusal fibers and

monitor the stretch of these fibers.

Through efferent axons, gamma neurons within the anterior horn of the spinal cord

innervate the contractile muscle portions on each end of the intrafusal fiber and

enhance the sensitivity of the sensory endings to stretch

The intrafusal muscle fibers are divided into three types: nuclear chain fibers,

dynamic nuclear bag fibers, and static nuclear bag fibers

The various sensory endings on the different types of intrafusal fibers have different

sensitivities to rate of change of length

This intricate system of muscle spindle innervation allows the muscle stretch

receptors to monitor muscle tension, length, and velocity of stretch, and provide

input for maintenance of tone.

The Golgi tendon organs, unlike the muscle spindles, are found in series with the
skeletal muscle fibers, and are attached at one end to the muscle and at the other to

the tendon.

The afferent axon branches are compressed when muscle contraction occurs and

impulses are transmitted.
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EVALUATION

1.HISTORY

The age at which hypotonia is first evident

The prenatal history : fetal movement in utero, fetal
presentation, and the amount of amniotic fluid present
Maternal exposures to toxins or infections suggest a central
cause.

Low Apgar scores may suggest floppiness from birth, and a

hypotonic newborn should be considered septic until proven
otherwise.

« Aterm infant who is born healthy but develops floppiness after
12 to 24 hours may have an inborn error of metabolism.

« if the hypotonia is fluctuating, static, or progressive

« Acute onset of progressive, profound weakness and hypotonia

in previously normal

infants suggests the possibility of infantile botulism

Hx of seizure

Development

The child who has hypotonia may exhibit oral-motor
dysfunction, poor respiratory support, weak cry and GERD.
Family history

2.EXAMINATION

« assessment of pertinent clinical features, an assessment for

dysmorphic features and a comprehensive neurologic
evaluation
« The finding of fixed contractures in the neonatal period

suggests that hypotonia is associated with primary disorder of

bone or muscle or an antenatal insult
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« Theinfant’s tendency to assume unusual postures may indicate
the presence of hypotonia — especially the “frogleg” position, in
which the supine infant lies with the lower limbs externally
rotated and abducted.

Plagiocephaly frequently is present

Weakness of facial muscles, weakness of muscles necessary
for adequate suck and swallow, and paresis of the eyelid
levators and extraocular muscles are often associated with
genetic myopathies

examine the tongue for atrophy and fasciculations
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ankles, and genu recurvatum



fixed contractures

i frogleg « Abnormalities in stability and movement may manifest in an older

W sitting infant as a combat crawl, W-sitting
e « The pectus excavatum deformity and a bell-shaped chest
w indicate relative weakness of intercostal muscles
« poor trunk extension, astasias (inability to stand due to muscular
incoordination)

« the ambulatory child may manifest with a waddling gait

« The presence of scoliosis suggests associated weakness and
neuromuscular disease.

« A detailed neurologic assessment examining tone, strength,
reflexes, muscle bulk and sensation.

« To assess the tone:

« Horizontal suspension: U shape

« vertical suspension: “slips through” at the shoulders when the
examiner grasps him or her under the arms in an upright position

« Head lag_or hyperextension is evident when the infant is pulled by
the arms from as up into sitting position (traction)

« Passive pronation, supination, flexion, and extension of the limbs
and gently shaking the hands and feet are the best ways to
assess_tone.

« Often, in the hypotonic infant, the elbows, wrists and fingers can
be extended beyond their normal range

« The scarf sign involves wrapping the infant’s arm across the
chest toward the neck on the contralateral side and is positive
when the elbow can be readily moved beyond the midline

« The hypotonic infant’s foot can be brought to the opposite ear,
and extreme passive foot dorsiflexion may be possible when
hypotonia is profound.

« Power must be assessed in all patients

« Iflimb weakness is present, localization of the weakness to the
proximal or distal extremities should be attempted

« Fasciculations of limb muscles are difficult to observe in infants
because of abundant subcutaneous tissue. However, the
experienced examiner can usually palpate the underlying muscle
beneath the fat and estimate the adequacy of muscle bulk.

« Deep tendon reflexes and plantar reflexes should always be
elicited at all ages.

Scarf sign

astesis

Hyperlaxity

Central VS peripheral causes

« The UMN (unit) includes the pyramidal neuron in the motor
cortex and the myelinated nerve fiber, which traverses the
corticospinal tract and eventually terminates in the
internuncial pool in the spinal cord adjacent to the anterior
horn cell.

« The LMN (unit) consists of the anterior horn cell, peripheral
nerve, neuromuscular junction, and muscle.

- [l Combined disorders also occur. N
« central causes are more common than peripheral causes Perlpheral

Clues: Clues:
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UMN

Upper Motor Unit Disease (Central Nervous
System Diseases)

= Acute cerebral insult

m  Cerebrovascular accident (e.g., hemorrhage,
thrombosis, embolism})

= Hypoxic-ischemic encephalopathy
m  Infection (e.g., viral, bacterial, fungal, parasitic)

Chromosomal abnormality

= Angelman’s syndrome

= Down syndrome

m  Prader—Willi syndrome

Congenital motor disease (cerebral palsy)
= Ataxia

m  Atonic diplegia or paraplegia (periventricular
leukomalacia)

Incontinentia pigmenti

P

+  Bilirubin

*  Magnesium

+ Phenobarbital / Phenytoin
+ Sedative drugs

Metabolic disease
Carnitine deficiency
Cytochrome c oxidase deficiency Lower Motor Unit (Peripheral Nervous System Diseases)
Fucosidosis ®  Arthrogrypesis multiplex congenita
Gangliosidasis [G_'Ml) = Carnitine deficiency
Hyperammonemia
Hypercalcemia . Hyperglycinemia = Connective tissue disease, such as Ehlers—Danlos syndrome
Hyperlysinemia Anterior horn cell
Mannosidasis = Infantile spinal muscular atrophy
MNiemann—Pick disease )
Oculocerebrorenal syndrome (Lowe's syndrome) = Kugelberg-Welander disease
Organic acidemias = Poliomyelitis
Renal tubular acidosis Peripheral nerve

Tay-Sachs disease (and other GM2 gangliosidoses)
Toxicity

m  Familial dysautonomia
= Guillain-Barré syndrome

m  Hereditary motor-sensory neuropathies

m  Polyneuropathy

Trauma

+ Brain
+ Cord

disorders (ie
Prader-WWis)

* Matabolic dseases

* Spinal cord injures:

- Cerebral
dysgenesis

+ Hyposic-ischemmic
injunies

Neuromuscular Junction

« Congenital and transient
myasthenia gravis

* Infantile botulism

Neuromuscular junction

* Botulism

* Mpyasthenia gravis

¢ Mpyasthenic syndrome

* Neonatal myasthenia gravis (immune- and
nonimmune-mediated forms)

* Neonatal transient myasthenia gravis

Muscle

* Congenital myopathies (e.g., central core
disease, congenital fiber type disproportion,
myotubular myopathy, nemaline myopathy)

* Glycogen storage disease (e.g, acid maltase
deficiency, phosphofructose kinase deficienc)
phosphorylase deficiency)

¢ Hypothyroidism

* Myotonic dystrophy

*  Polymyositis

Myopathies

Causes: |

® Hypoxic-ischemic Encephalopathy

Central core discase

Nemaline myopathy

X-linked myotubular myopathy
Congenital myotonic dystrophy =
Metabolic disorders

Peroxisome biogenesis disorders, Zellweger

syndrome spectrum
Smith-Lemli-Opitz syndrome

Glycogen storage disease Pompe (Type 1)

Benign neonatal hypotonia ==
Spinal muscular atrophy —

Muscular dystrophies

Joint laxity

Neuropathy

Teratogens

Brain tumor

Myoclonic en:cphllnpalhy

Neuromuscular junction disorder

Familial infantile myasthenia (not transient)

Unknown

Genetic/Chromosomal

romes
Down syndrome
Prader-Willi syndrome

Other dysmorphic syndromes
Other chromosomal anomalies
Fragile X syndrome

Trisomy 18 (Edwards syndrome)
1p36 deletion syndrome

22q13 deletion syndrome

22q11.2 deletion syndrome
(velocardiofacialfDiGeorge syndrome)

Williams syndrome

Trisomy 13 (Patau syndrome)

Smith-Magenis syndrome

Sotos syndrome
Wolf-Hirschhorn syndrome
Kabuki syndrome

Cri du chat syndrome

B grain anomalies



Diagnosis l

History and Physical Examination (Step 1)
Family history
Pregnancy and delivery
Clinical and neurologic examination
Imaging Study (CT or MRI/MRS) (Step 2)
Clinical Genetic Evaluation (Step 3)
Genetic Testing (Step 4)
Karyotype, FISH, CGH
Biochemical Evaluation (Step 5)
Amino acids, organic acids, peroxisomes, carnitine, CDG test
Neuromuscular Testing (Step 6)
CK, EMG, NCV, DNA for SMA and CMD, muscle biopsy
Follow-up Testing
Some tests repeated/Further tests

Labs |

« In hypotonic newborn work up initially must be directed at ruling out systemic disorders. I

i i IMG/MNCV
Routine studies: EMG/MNCV

—->evaluation for sepsis (blood culture, urine culture, cerebrospinal fluid culture)
-->measurement of serum electrolytes, LFT ammonia, glucose, calcium, magnesium, and creatinine;

CBC and urine drug screen

q . q Denervation Myopathy plus Irratability Myopathic
« If hepatosplenomegaly is present and calcifications are noted on head ultrasonography, TORCH gy Small amplitude CMAPs, Small amglitude CMAPS
titers and a urine culture for cytomegalovirus should be undertaken Fasiculations, Fibrilations Increased insertional activity
R g a A Positive sharp wave:
. If the hypotonia is considered to be central, we should evaluate for genetic and metabolic sl c * l
causes
.l A karyotype is indicated when several significant dysmorphic features are present SMA genetic test Acid Maltase Enzyme nssay Muscle biopsy
. @ If the clinical evaluation suggests complex multisystem involvement, screening for inborn SMN 1 & 2 copy number Pompe Discase

errors of metabolism is indicated

If acidosis is present, plasma amino acids and urine organic acids (aminoacidopathies and

organic acidemias), serum lactate (disorders of carbohydrate metabolism, mitochondrial

disease), pyruvate,ammonia (urea cycle defects), and acylcarnitine profile (organic acidemia, Muscle blopsy
fatty acid oxidation disorder) should be measured. Very long-chain fatty acids and

plasmalogens are specific for the evaluation of a peroxisomal disorder.

A creatine kinase and acylcarnitine/carnitine concentration should be determined if the child is Monspesific Myopathy
weak and exhibits hypotonia to aid in diagnosis of a muscular dystrophy or carnitine deficiency
To evaluate causes of peripheral hypotonia, creatine kinase concentrations should be measured.
This value is elevated in muscular dystrophy but not in spinal muscular atrophy or in many
myopathies

Specific DNA testing can be performed for myotonic dystrophy and for spinal muscular atrophy.
Electrophysiologic studies, which show abnormalities in nerves, myopathies, and disorders of
the neuromuscular junction. With the exception of a few myopathies, normal EMG findings
suggest that the hypotonia is central in origin.

Muscle biopsy with immunohistochemical staining and electron microscopy is the method of
choice for differentiating myopathies and muscular dystrophies

If biopsy shows specific abnormalities, it can be an essential part of the diagnostic evaluation in
the newborn to guide subsequent DNA molecular diagnostic studies.

Radio l

Dystrophic Muscle

Genetic confirmation
if available

Brain involvement Mo Brain Involvernent
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Abnormalities in the corpus callosum may occur in SmithLemli-Opiz syndrome

« Magnetic resonance imaging can delineate structural
malformations, neuronal migrational defects, abnormal signals
in the basal ganglia (mitochondrial abnormalities), or
cerebellar defects (Joubert syndrome)

Raneem Osama
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