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Abstract

Neurological emergencies are not the most
frequent reason for attending Primary Care or
Pediatric Emergency Departments. On many
occasions, especially during our training, they can
be difficult to deal with, generating some rejection
and making us feel insecure in their management.
Systematic assessment of these patients
significantly helps their diagnosis and subsequent
management. In most cases, a complete and
detailed history and physical examination will

be the only tools required to reach a correct
diagnosis. Training in the identification of warning
signs and symptoms, as well as the appropriate
choice of diagnostic tests, will be key to accurate
guidance. This article shows some of the
neurological emergencies that we may encounter
in our daily practice, such as syncope, altered
level of consciousness, status epilepticus, acute
hemiparesis, acute ataxia and acute hypotonia.

Resumen

Las urgencias neurolégicas no son el motivo mas
frecuente de asistencia a los Servicios de Atencién
Primaria o Urgencias Pediatricas. En muchas ocasiones,
en especial durante nuestra formacién, pueden resultarnos
dificiles de abordar, producirnos cierto rechazo y hacernos
sentir inseguros en su manejo. Aplicar una evaluacién
sistematica en estos pacientes ayuda significativamente
en su diagnéstico y tratamiento posterior. En la mayoria de
las ocasiones, una historia clinica y una exploracion fisica,
completas y detalladas, seran las Gnicas herramientas

que se necesiten para llegar a un diagnéstico adecuado.

El entrenamiento en la identificacién de signos y sintomas
de alarma, asi como la eleccién adecuada de pruebas
diagnosticas, sera clave para una orientacion precisa.

En este articulo se muestran algunas de las urgencias
neurolégicas que podemos encontrar en nuestra practica
diaria, como son: el sincope, la alteracién del nivel de
conciencia, el estatus epiléptico, la hemiparesia aguda,

la ataxia aguda y la hipotonia aguda.
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OBJECTIVES

Introduction

To recognize the most frequent neurological emergencies in Pediatrics.
To detect the factors that imply severity in syncope and altered level of consciousness.

To delve into the therapeutic approach to status epilepticus.

To understand the concept of “stroke mimics” and know the main clinical entities.

Syncope

The diagnosis of syncope depends on an
adequate history and examination. Unders-
tanding the mechanisms of syncope helps
with correct interpretation and minimizes
diagnostic errors.

To select the appropriate complementary tests based on the etiological suspicion of acute

ataxia.
To learn the main clinical conditions causing acute hypotonia.

Definitions

Syncope is defined as a sudden, brief

loss of consciousness and postural tone

eurological emergencies are

| \ | not the most frequent reason
for attending Primary Care or
Pediatric Emergency Services. Trai-

ning in the identification of warning
signs and symptoms, as well as the

appropriate choice of diagnostic tests,
will be key to accurate guidance. This
article shows some of the neurological
emergencies that we can encounter in
our daily practice, such as: syncope,
altered level of consciousness, status
epilepticus, acute hemiparesis, acute
ataxia and acute hypotonia.
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with spontaneous recovery. Presyn-
cope refers to prodromal presentation
without loss of consciousness.

Etiology

The etiologies associated with
syncope in the pediatric population
vary from autonomic/neurogenic
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dysfunction to hypertrophic car-
diomyopathy and seizure disorders(®).
Autonomic forms, especially vasovagal
syncope, comprise up to 80%2. Poten-
tially serious etiologies are relatively
rare, but require diagnostic considera-
tion in the event of warning signs or

symptoms (Fig. 1).

Classification

Reflex syncope, neuromediated or

autonomic:

— Vasovagal syncope: it is the most
common. It is due to cardiovas-
cular autonomic dysregulation
that leads to sudden and tran-
sient cerebral hypoperfusion.
It is associated with emotional
stress (fear, pain, vision of blood)
or orthostatic stress (getting up
quickly, standing for a long time,
hot environment)@. The presen-
ce of triggering factors such as:
standing, environmental heat,
intense emotions or prodromes
with vegetative symptoms, fo-
llowed by loss of consciousness
lasting seconds with rapid reco-
very, point, in a healthy patient
with no history of interest, to
vasovagal syncope. Muscle jerks
(tonic spasms or myoclonus) may
appear if cerebral hypoperfusion
is prolonged (conwvulsive syncope).

— Situational: similar to vasovagal
syncope but with a specific tri-
gger. In the context of coughing/
sneezing, combing, urination, ca-
rotid sinus pressure, etc.

— Febrile syncope: many hypotonic
tebrile seizures or only with loss
of consciousness could be febrile
syncope. Performing an elec-
trocardiogram (ECG) in these
patients is recommended, since
it may be the initial presentation
of arrhythmogenic heart disease.

— Syncope due to orthostatic hy-
potension: due to autonomic dys-
function in vasoconstriction. The
teeling of dizziness or “orthosta-
tism” may appear when standing
up quickly on multiple occasions,
even without syncope occurring.

— Postural orthostatic tachycardia
syncope: there is an increase in
heart rate of 30-35 beats per mi-
nute upon standing along with
prodromes similar to vasovagal
syncope, which may be associa-
ted with a sensation of palpita-
tions. Patients report intolerance
to standing.

* Cardiogenic syncope: related to arr-

hythmogenic or structural cardiac
pathology. A personal history of
congenital or acquired heart disease
with residual cardiac dysfunction
or arrhythmia, syncope while lying
down or with effort, the presence
of pathological murmurs, signs of
heart failure or rhythm abnorma-
lities will point towards cardiac
pathology.

Epileptic seizure/convulsion: in
those epileptic seizures that could
be confused with vasovagal syncope,
the loss of consciousness is usually

POTENTIALLY SEVERE SYNCOPE

e

( )

Vs
1 Cardiac arrhythmias (including 1 History of congenital heart disease, a new murmur; other
long QT and Brugada syndrome) abnormal findings on cardiac examination
2 Structural heart disease 2 Family history of arrhythmias, sudden death, cardiomyopathy,
(including hypertrophic and sensorineural hearing loss
cardiomyopathy) 3 Exertional syncope
3 Seizures/epileptic seizures 4 Syncope without prodrome compatible with vasodepressor
4 Subarachnoid hemorrhage Syncope o . ) .
) o 5 Use of medications associated with arrhythmias
5 Carbon monoxide poisoning . . )
. 6 Syncope associated with hyperpnea or cyanosis
6 Toxics-drugs 7 Syncope leading to other injuries (lacerations, large bruises)
N\ /
Figure 1. Causes and warning signs of potentially severe syncope. Adapted from: Callahan
JM. 2015.
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of longer duration, the associa-
ted movements appear in the first
moments of the episode and the
recovery is longer, with postictal
confusion or other neurological
symptoms appearing.

* Functional disorder: the episodes
occur in front of witnesses, they
may appear “theatrical” (eye move-
ments, sighs, etc.) and injuries do
not usually occur with the fall, since
self-protection behaviors are preser-
ved.

* Others: sobbing spasms, metabolic
syncope, basilar migraine, subara-
chnoid hemorrhage, etc.

Approach in the Emergency Room

Assessment
The goal of syncope evaluation is to

identify potentially severe conditions.

An initial study for pediatric patients

with syncope includes®:

* Full history zo0 identify previous
events or triggering factors, and
collect a description of the event
that includes previous symptoms
(prodromes) and recovery from the
episode. Personal and family history
of interest should be collected, espe-
cially the history of complex heart
disease, sudden death at a young
age, and sensorineural hearing loss.

* Complete physical examination,
including orthostatic vital signs
(blood pressure and heart rate),
complete cardiac examination and
complete neurological examination.

* ECG, a simple and non-invasive
test that can be performed at the
bedside. Particular attention should
be paid to signs of hypertrophy or
abnormal conduction times (e.g.,
long QT syndrome) or ST changes
(e.g., Brugada syndrome).

Other studies:

* Capillary blood glucose: if no reco-
very at the time of evaluation, if
prolonged fasting or at-risk patients
(e.g., hypoglycemic treatments).

* EEG inits different varieties: indi-
cated if an epileptic seizure is sus-
pected, not as a routine.

Treatment
Initial stabilization will be a priority
at the time of syncope. Subsequently,



action will be taken based on the etio-
logy that caused it.

The most effective treatment
for autonomic and orthostatic cau-
ses of syncope is to ensure adequate
fluid intake and avoid fasting. Small
amounts of salty foods can also help
maintain intravascular volume®. It is
advisable to train patients to lie down
when they have prodromal symptoms
to prevent syncope.

Referral for study

Patients with: cardiovascular disease
or an abnormal cardiac examination,
severe ECG abnormalities (e.g., pro-
longed QTc interval or complete
heart blocks), syncope with chest pain
or cyanotic episodes, apnea or focal
neurological findings, toxic ingestion
or orthostatic hypotension that does
not respond to intravenous fluids®:4).
All patients with signs or symptoms
of potentially severe syncope should
be referred to Cardiology (Fig. 1)®).
Referral should be made to Neuro-
logy in the event of focal neurological
findings, other neurological anomalies
or a history suggestive of epilepsy/sei-
zureG4),

Altered level of consciousness

An altered level of consciousness repre-
sents an emergency situation where early
initial stabilization aimed at maintaining
cardiorespiratory functions and avoiding
neurological deterioration is essential.

Definitions

Consciousness is the physiological
process through which the individual
maintains a state of alert with full
knowledge of himself and his environ-
ment. It relies on the functional and
anatomical integrity of two structures:
the cerebral cortex and the ascending
reticular activating system (ARAS),
which starts from the brain stem and
projects to the cerebral cortex. There-
fore, alterations in the level of cons-
ciousness originate from structural or
functional dysfunction of the ARAS or
at the cortico-subcortical level®).

There is a spectrum of altered cons-
ciousness between full alertness and
coma. Coma is the deepest degree
of altered consciousness with lack of
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Table I. Glasgow Coma Scale

Modifications in <2 years

Eye — Spontaneous 4
opening — To verbal command 3
— To pain 2
— No response 1
Verbal — Oriented and appropriate words 5 - Babbles, smiles and cries
response  — Disoriented and confused 4 — |rritable, constant crying
conversation
— Incoherent and inappropriate 3 - Exaggerated crying and
words 2 screaming
— Incomprehensible, grunting and — Moan
moaning 1
— No response
Motor — Obeys orders 6 - Spontaneous movements
response  — Localizes the pain 5 — Withdrawal to touch
— Withdrawal from pain 4
— Abnormal flexion to pain / 3
Decortication?
— Abnormal extension to pain/ 2
Decerebration?
— No response 1

1Decortication: posture of upper limbs in flexion and abduction with lower limbs in
hyperextension; corresponds to diffuse hemispheric lesions.

2Decerebration: posture of upper limbs in hyperextension, adduction and internal
rotation, with lower limbs in hyperextension; corresponds to lesions in the brain stem.

Mild brain damage or no damage: 13-15; Moderate brain damage: 9-12; Severe brain

damage/coma: 3-8.

response to stimuli. Terms such as
drowsiness, stupor, obtundation and
lethargy should be avoided due to
their subjectivity(®). Instead, there are
objective scales to quantify the severity
of coma, such as the Glasgow Coma
Scale (GCS), which consists of the
evaluation of ocular, verbal and motor
responses. The state of consciousness
is determined by adding the maximum
value obtained in each section, which
ranges between 3 and 15 (Table I)7:9).

Etiology

The most frequent causes of alte-
red level of consciousness in the pedia-
tric population are: infections of the
central nervous system (CNS), severe
systemic infections, traumatic brain
injury (TBI), hypoglycemia, poiso-
ning, seizures and post-critical sta-
tes(®9). The most frequent causes are
presented below, divided according to
their etiology.

* Primarybrain alteration or structu-
ral alteration. Alteration in the level
of consciousness, usually of rapid
onset, with neurological focality

and/or asymmetries in the physical

examination.

— CNS infection: encephalitis, me-
ningitis, abscess.

— TBI and diffuse axonal injury.

— CNS tumors.

— Vascular: hemorrhage (arteriove-
nous malformations, aneurysms,
coagulopathy...) or ischemia (ve-
nous sinus thrombosis, throm-
boembolism...).

— Non-convulsive status and post-
critical state.

— Hypoxic ischemic encephalo-
pathy.

— Hydrocephalus.

Toxic-metabolic alteration. It usua-

lly has a progressive and fluctuating

onset, normally without focality or
asymmetries in the examination.

— Exogenous factors: toxics, drugs
and medicines.

— Endogenous factors: severe syste-
mic infection, hypo/hyperglyce-
mia, ionic alterations, diabetic
ketoacidosis, decompensation of
metabolic diseases, etc.
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Approach in the Emergency Room

Initial stabilization measures must
be carried out early in any patient
with an altered level of consciousness,
without any of the complementary tests
delaying them(®). Subsequently or while
stabilization is being carried out, the
history, physical examination and com-
plementary tests aimed at identifying
the cause will be carried out.

In the physical examination, some
aspects are of special interest, such as:
* Pupils: alterations in reactivity,

symmetry and/or size of the pupils

may indicate structural lesions or
toxic-metabolic etiologies.
* Eye movements: these include

oculocephalic reflex (OCR, “doll

eyes”) and oculovestibular (OVR).
Both are equivalent and their pre-
sence indicates integrity of the mid-
brain, pons, and oculomotor nerves
in a comatose patient. The OCR
explores the conjugate deviation of
the gaze in the opposite direction
to the passive mobilization of the
head, both vertically and horizon-
tally. The OVR is produced after
the instillation of cold water into the
external auditory canal, and explores
ocular deviation towards that ear,
with compensatory nystagmus.

* Fundus of the eye: the presence of
papilledema may indicate intracra-
nial hypertension (ICH). Retinal
hemorrhage may indicate intracra-
nial hemorrhage.

Complementary tests will be guided
based on the findings of the examina-
tion and history, but the majority of
patients with altered level of conscious-
ness will require a complete blood and
urine analysis, which includes detec-
tion of toxic substances, in addition
to an ECG and a neuroimaging test.
There is no neuroimaging of choice
for the patient with altered level of
consciousness, since this will depend
on technical availability, the patient’s
characteristics and the diagnostic
approach® (Fig. 2).

Treatment

The cornerstone of treatment will
be initial stabilization, which inclu-
des measures and procedures aimed at

APPROACH TO
ALTERED LEVEL OF

CONSCIOUSNESS

N AT

STABILIZATION

General measures (ABCDE)

Oxygen therapy (OTI if GCS<8), monitoring (T, HR, RR, 02Sat, TA), venous access

Capillary blood glucose (correct hypoglycemia)

If TBI: cervical protection
If fever or evidence of infection/sepsis: antibiotic therapy
Check constants at all times, and try to identify and treat the cause

Yy
o ( PH, FH, medication, current history and accompanying symptoms )
y e y
4 ( 1
Level of consciousness (GCS) | Severity data I
Respiratory pattern : Abnormal breathing :
Examination by systems | Hyporeactive, asymmetrical and fixed pupils |
. | - |
XAMINATION Meticulous negrologwgl examination I Absence of OCR and/or OVR |
Meningeal signs . . |
Pupils : TICP, papilledema, bradycardia + hypotension |
Eye movements I Retinal hemorrhages :
Fundus { Unintentional motor activity |
\ P/ S /
A4
e Full blood count, blood pH, glucose, electrolytes, liver function, kidney function,
CRP, ammonium, clotting and urine
e Determination of toxic substances in blood and urine
e ECG

* Neuroimaging (CT, MRI, F-US)

None have priority

Depending on clinical suspicion

over initial e X-ray of the cervical spine, thorax and abdomen, if polytrauma

stabilization

e | umbar puncture, if CNS infection or metabolopathy is suspected
e Cultures and serologies
L]

EEG, if you suspect: SE, structural lesion, severe encephalopathy...

Figure 2. Proposal for addressing the alteration of the level of consciousness in the Emergency Room. BP: blood pressure; CRP: C-reactive
protein; CT: computed tomography; FH: family history; ECG: electrocardiogram; EEG: electroencephalogram; F-US: fontanelle ultrasound;

GCS: Glasgow Coma Scale; HR: heart rate;

ICP: intracranial pressure;

MRI: magnetic resonance imaging; OCR: oculocephalic reflex;

OTI: orotracheal intubation; OVR: oculovestibular reflex; PH: personal history; RR: respiratory rate; SE: status epilepticus; T: temperature;

TBI: traumatic brain injury.
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maintaining respiratory and cardiocir-

culatory functions. It is also essential to

urgently treat situations that may imply
rapid neurological deterioration, such
as the presence or suspicion of ICH.

Measures to reduce ICH include: intu-

bation and hyperventilation, sedation,

elevation of the patient’s head and spe-
cific treatments, such as mannitol or
hypertonic saline.

Etiological treatment will be essen-
tial to achieve full recovery, but in
many cases, it cannot be carried out
immediately until the results of com-
plementary tests are available. Specific
empirical treatments can be considered
depending on the suspicion:

* Naloxone: miosis, respiratory
depression, and/or evidence of
opioid use.

* Flumazenil: suspected benzodiaze-
pine poisoning.

* Activated charcoal: consider if drug
overdose is suspected, as long as the
airway is protected.

* Empirical antibiotic therapy and/or
acyclovir: suspected sepsis or CNS
infection.

Status epilepticus

Status epilepticus is the most common
neurological emergency in pediatric
patients. Early treatment with benzodia-
zepines is essential to end the seizure and
reduce possible sequelae.

Definition
Status epilepticus (SE) is defined as

an abnormally prolonged seizure that

can cause long-term sequelae@0). It is
due to the failure of the mechanisms
responsible for ending the seizure;
therefore, it typically does not resolve
without medical intervention10:1D), The
definition of SE has been debated over
the years. Thus, from the classic con-

cept of seizures lasting more than 30

minutes or repeated seizures without

complete recovery between them, it has
evolved to a current definition of grea-
ter complexity, which creates 3 main

categories(10:12) (Fig. 3):

* Early SE: epileptic seizure that lasts
beyond the so-called time 1 (T1),
after which it is unlikely that the
seizure will end on its own. The
duration of T1 varies depending

NEUROLOGICAL EMERGENCIES IN PEDIATRICS

No spontaneous termination

Active

crisis SE

Ist line
drugs

Possibility of
spontaneous
termination

on the type of seizure, between
5 minutes for a normal seizure gene-
ralized tonic-clonic seizure (GT'CS)
and the 10 minutes for focal or abs-
ence seizures. It is essential to start
antiepileptic treatment to try to
reduce the morbidity and mortality
associated with SE.

» Established SE: it continues des-
pite the administration of first-line
drugs at correct doses, usually more
than 10-30 minutes.

* Refractory SE: persistence of the
seizure despite treatment with two
different antiepileptic drugs at ade-
quate doses, exceeding time 2 (T2),
after which there is a high risk of
long-term sequelae. The duration of
T2 also varies between 30 minutes
for GTCS, 60 minutes for focal and
unknown in the case of absence
seizures. The risk of severe com-
plications requires more intensive
treatment). Within the refractory
SE, there are:

— Super-refractory SE, if the du-
ration is greater than 24 hours.

— New-onset rg"mctary status epi—
lepticus (NORSE), which occurs
in a patient without a history of
epilepsy or other known or evi-
dent previous neurological patho-
logy(13).

— FIRES syndrome (febrile infec-
tion-related epilepsy syndrame), a
subtype of NORSE that follows
a febrile episode that occurs bet-
ween 2 weeks and 24 hours befo-
re the onset of the seizure(12:13),

Classification

Currently, multiple classifications
are used based on four different varia-
bles: seizure semiology, etiology, elec-
troencephalographic (EEG) findings,
and patient age. An attempt should be
made to classify SE according to all the

Established

2nd line
(10-30)

(>30-60")

Severe sequelae

Refractory Super-refractory
SE SE

3rd line
drugs

>24 hours

T2 Figure 3. Categories

of status epilepticus.

variables, taking into account that it is
a dynamic process, since both the sei-
zure semiology and the EEG pattern
can vary(112) (Table II).

Epidemiology

SE is the most common neurolo-
gical emergency in children(10-12,14)
with high morbidity and mortality
and a high probability of neurologi-
cal sequelae2). The incidence ran-
ges between 4 and 58 per 100,000
inhabitants per year in the pediatric
population(0-12). The highest inci-
dence is observed in children under 2
years of age, probably due to a higher
rate of symptomatic causes or a greater
susceptibility due to brain immatu-
rity(1). Up to 20-25% of patients with
epilepsy will present at least one SE,
with 10% of them being the first form
of their epilepsy(12). The incidence of
refractory SE ranges between 10 and
40% of SE, while super-refractory SE
represents up to 10%(12),

Prognosis

The morbidity derived from a SE
is high. There is more than a 15%
probability of long-term neurological
sequelae, such as motor deficits, inte-
llectual disability or behavioral disor-
ders(11:12), Approximately 20% will pre-
sent at least one other SE, especially
in the first year and in children with
underlying neurological pathology(?).
The probability of developing epilepsy
after an SE reaches 25% in previously
healthy children and 46% in children
with neurological disorders1?. Short-
term mortality is 3-5% and is mainly
due to acute complications (respiratory
failure, metabolic acidosis, intracranial
hypertension, etc.), although it must be
taken into account that the main cause
of SE in children is febrile, whose esti-
mated mortality is 0.2%(11,12),
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Table Il. Classifications of status epilepticus (SE) Table Il1l. Complementary tests in status epilepticus (SE)

Semiology: clinical presentation of the seizure
according to the type of associated movements
and whether or not the level of consciousness is
altered
— SE with prominent motor symptoms
» Convulsive or tonic-clonic (the most
common and potentially severe)
1. Generalized tonic-clonic onset
2. Focal onset with progression to bilateral
tonic-clonic
3. Unknown start
» Myoclonic, with or without altered level of
consciousness
» Motor focality
» Tonic
» Hyperkinetic
— Nonconvulsive SE: absent or subtle muscle
contractions
» Nonconvulsive with coma
» Nonconvulsive without coma
1. Generalized
a. SE of typical absences
b. SE of atypical absences
c. SE of myoclonic absences
2. Focal
a. Without alteration in the level of
consciousness (autonomic, sensory,
visual, olfactory, emotional, etc.)
b. Aphasic
c. With altered level of consciousness

Etiology
— Symptomatic or known cause

» Acute: fever, infection, stroke, toxins,
trauma, metabolic alterations, etc.

» Remote: seizure caused as a sequel to
previous acute neurological damage or
secondary to chronic encephalopathy

» Progressive: secondary to progressive
encephalopathy, neurodegenerative disorder,
tumor process, etc.

— Cryptogenic or of unknown cause

EEG: of special relevance in non-convulsive SE,
as part of the differential diagnosis of psychogenic
seizures and other non-epileptic paroxysmal
disorders

— Location of electrical impulses: generalized,
focal and multifocal

— Pattern: spikes, spike-wave, sharp waves,
slowing, etc.

— Time: duration of impulses, abrupt or gradual
start/end, etc.

— Modulation: spontaneous appearance of
impulses or their induction by means of
intermittent light stimulation or other stimuli

— Type of response to treatment

Age: helps to identify SE within a possible
epileptic encephalopathy. Thus, a tonic SE could
indicate early infantile epileptic encephalopathy
(formerly Ohtahara syndrome) in a neonate or
infant, while it would indicate Lennox-Gastaut
syndrome in a schoolchild or adolescent
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Analysis
Indicated in all SE

— Blood count, kidney function, liver
function, electrolytes, blood gas,
blood glucose, ammonium and
toxic substances in urine

— If suspicion of infection: blood
culture and APR.

— If previous epilepsy: AEDs levels

Lumbar puncture — CSF cytochemistry and culture
Indicated in suspected CNS — If super-refractory SE or FIRES/
infection, febrile SE, infants, NORSE: consider immunological
refractory SE or prolonged study

post-critical period

Neuroimaging
Indicated in practically

— Due to the need for early
performance, CT will normally be

everyone (1st SE, focal SE, performed

non-febrile SE, previous TBI,  — Assess MRI subsequently
infants, suspected infection — In infants, evaluate F-US
or stroke...)

Continuous EEG
Not routinely indicated in
the acute presentation

— Consider it in case of suspicion
of NCSE, prolonged post-critical,
monitoring response to treatment
or suspicion of pseudoseizure

AEDs: antiepileptic drugs; APR: acute phase reactants; CNS: central
nervous system; CSF: cerebrospinal fluid; CT: computed tomography;
EEG: electroencephalogram; F-US: fontanelle ultrasound; FIRES: febrile
infection-related epilepsy syndrome; MRI: magnetic resonance imaging;
NCSE: nonconvulsive status epilepticus; NORSE: new-onset refractory
status epilepticus; SE: status epilepticus; TBI: traumatic brain injury.

Diagnosis

The following will be essential: a thorough medical history and
a detailed physical examination)). The former will include: possi-
ble history of trauma, infection, metabolic alteration or exposure to
toxins, as well as the semiological characteristics of the seizure(11,12),
In patients with known epilepsy, possible precipitating factors of
decompensation should be investigated, such as: lack of adherence
to treatment, intercurrent infectious process, diarrhea, vomiting,
etc.11). Complementary tests will be indicated in most processes,

and will be fundamentally oriented towards the search for reversible
causes(11,12,14) (Table III).

Treatment

Its objective, in addition to ending the seizure as early as possible
to avoid sequelae, is to maintain vital functions and try to detect
treatable and/or potentially more serious causes(1214. Most clinical
guidelines propose a stepwise treatment based on the time of evo-
lution(2:15). The doses of each drug, as well as their main adverse
effects, are shown in table IV. An algorithm is proposed in figure 4.
* General measures. The first step in the management of SE is,

as in any medical emergency, to secure the airway and maintain

adequate oxygenation and ventilation. Continuous monitoring
of vital signs and peripheral venous access should be initiated
early, to detect possible analytical alterations (hypoglycemia,
alterations in blood pH, etc.) and to be able to establish intra-

venous treatment early (antiepileptics, fluid therapy, vasoactive
drugs, etc.)11,12,14),
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Table IV. Pharmacological treatment of status epilepticus (SE)

Drug Dose Maximum dose Adverse effects
(mg/kg)
First line Midazolam IV/IM: 0.15-0.2 10 mg Sedation, respiratory depression,
(early SE) Nasal: 0.3 hypotension, evolving tolerance
Orala: 0.5 and increased respiratory
secretions (clonazepam)
Diazepam IV: 0.15 10 mg
Rectalb: 0.5

Lorazepam 1V: 0.1 4 mg

Clonazepam IV: 0.025-0.075 2 mg
Second line Valproic acid Bolus 20-40 (5-10’) 1,500 mg Hyperammonemia, hepatotoxicity,

(SE established,
administration 1V)

Cl 1-5 mg/kgh

pancreatitis and thrombopenia

Levetiracetam

Bolus 30-60 (5-10")

3,000-4,500 mg

Drowsiness and irritability

Phenytoin Bolus 15-20 1,000 mg Hypotension and arrhythmias
(20’ diluted in saline)
Phenobarbital 15-20 (20" 1,000 mg Hypotension, sedation and
respiratory depression
Lacosamide 7-10 (10-15") 200-400 mg Diplopia, ataxia and arrhythmia
Third line Midazolam Bolus 0.2 10 mg (see above)
(refractory SE) Cl 0.05-0.2 mg/kg/h 100 mg/h
Clonazepam Bolus 0.01-0.03 2 mg (see above)
Cl 0.01-0.06 mg/kg/h
Thiopental Bolus 3-5 100 mg Respiratory depression and
Cl 1-6 mg/kg/h hypotension
Propofol Bolus 2-3 5 mg/kg/h Respiratory depression,
Cl 2-4 mg/kg/h arrhythmias and pancreatitis
Ketamine Bolus 1-3 Hypertension, sialorrhea and
Cl 1-6 mg/kg/h laryngospasm
Fourth line Topiramate Oral (SNG) 5 10-25 mg/kg/day  Metabolic acidosis, glaucoma and

(super-refractory
SE)

Mtc: 5-10 mg/kg/day

nephrolithiasis

Brivaracetam IV 2-5 100-200 mg Drowsiness
Perampanel <20 kg: 2-4 mg 6 mg Drowsiness, hypertransaminasemia
20-30 kg: 4-6 mg 8 mg and cholestasis
Oral/SNG >30 kg: 4-8 mg 12 mg
IVIG 1-2 mg/kg for 5 days 100 g total Fever, anaphylaxis and flu-like
reaction
Methyl- IV 20-30 mg/kg/day for 3-5 1,000 mg/day Hypertension, hyperglycemia,

prednisolone

days

hypokalemia, and irritability

Cl: continuous infusion; IM: intramuscular; IV: intravenous; IVIG: intravenous immunoglobulin; Mtc: maintenance;

NGT: nasogastric tube; SE: status epilepticus;

aDosage by age is generally used (3-12 months: 2.5 mg; 1-5 years: 5 mg; 5-10 years: 7.5 mg; 10-18 years: 10 mg);
bDosing by estimated weight is usually used (5 mg in <15 kg, 10 mg in >15 kg).

First-line treatment (active crisis,
early SE). Benzodiazepines (BZD)
constitute the first-line antiepilep-
tic treatment due to their speed of
action, their wide range of presen-

tations, in addition to the intra-
venous one since they manage to
jugulate up to 80% of prolonged
seizures(1112,14), For these reasons,
the prevention of SE must include

rescue antiepileptic medication to
be administered by the main care-
givers, who must be adequately
instructed in its management(10),
The most commonly used rescue
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ALGORITHM General measures (ABCDE)
TREATMENT Oxygen therapy (OT! if GCS<8), monitoring, venous access
OF STATUS Capillary glucose (correct hypoglycemia if present)
EPILEPTIC History
Initial blood analysis
Check constants at all times, and try to identify and treat the cause

““Active seizure
(<5 min) Yes Venous access? No

Y

oral: 0.5 mg/kg

MDZ: 0.15-0.2 mg/kg

or MDZ | nasal (atomizer): 0.3 mg/kg
DZP: 0.15 mg/kg intramuscular: 0.15-0.2 mg/kg
() or
First line Max. 10 mg/dose rectal DZP: 0.5 mg/kg

EARLY SE
(5-10 min)

Max. 10 mg/dose

Does not terminate in 3-5 min

) Y

C Second dose of BZD )

——— ~

| If there is no peripheral Does
venous access, obtain not

\ intraosseous route y lterminate

( VPA: 20-40 mg/kg (5-10", )
max. 1,500 mg)
or
LEV: 30-60 mg/kg (5-10/,
max. 3,000-4,500 mg)

Some considerations...

VPA: avoid it in <2 years, liver
disease, pancreatopathy, coagulopathy
or metabolic disease

or
PHT: 15-20 mg/kg (20, diluted PHT: contraindicated in suspicion
or hemicorporeal seizure in <12 months),

heart disease, hemodynamic
instability, or absence SE

LCS: 7-10 mg/kg (10-15',
max. 200-400 mg)
or
PB: 15-20 mg/kg (20',
max. 1,000 mg)

|
|
|
|
|
|
|
|
in SSF, max. 1,000 mg) : Dravet syndrome (febrile
|
|
|
: LCS: especially indicated | focal SE
|

. PB: of choice in neonates

Does not terminate v

(Choose a new second-line drug different from the previous one)

Does not terminate .
A4

( MDZ: 0,2 mg/kg + Cl: 0,05-0,2 mg/kg/h
_ or
Third line CNZ: 0,01-0,03 mg/kg + Cl: 0,01-0,1 mg/kg/h
REFRACTORY SE or
(30-60 min) Tiopental: 3-5 mg/kg + Cl: 1-6 mg/kg/h
Admission or
0 P Propofol: 2-3 mg/kg + Cl: 2-4 mg/kg/h
or
Ketamina: 1-3 mg/kg + Cl: 1-6 mg/kg/h
Does not
: terminate *
Fourth line
SUPER- Consider second and third line drugs or other possibilities:
GELLRBIARE | 1P 5 mg/kg via NGT Methylprednisolone:
(>2t4 {‘0”'5 or BRV: 2-5 mg/kg 20-30 mg/kg/day (3-5 days)
\r:iiha:irrasv:laﬁo:f PER: 2-8 mg depending on weight via NGT Ketogenic diet
IGIV: 1-2 mg/kg for 5 days Epilepsy surgery
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antiepileptic medication options
are rectal diazepam (Stesolid®)
and oral midazolam (Buccolam®,
Oroxelam®)(11,16), The mechanism
of action of BZDs is to enhance the
effect of GABA, the main inhibi-
tory neurotransmitter. The most
common side effects are: respiratory
depression and arterial hypotension,
although they are rare at adequate
doses. It is recommended to admi-
nister between 1 and 2 full doses of
BZD early to optimize its effective-

ness without significant risk of side
effects(12,15),

* Second line treatment (established
SE). It should begin between 10 and
15 minutes after the onset of the
seizure, when BZD treatment has
failed. There is currently no clearly
superior drug, so its choice must be
individualized according to the type
of SE, the patient’s conditions and
the possible side effects(11:12),

* Third and fourth line treatment
(refractory and super-refractory
SE). Anesthetic drugs are used
(BZD, thiopental, propofol,
ketamine) whose objective will
be induced coma, which should
be maintained for 24-48 hours,
during which future maintenance
antiepileptic treatment will begin.
Due to the complexity of this
situation, management will ideally
be carried out in a Pediatric Intensive
Care unit. If SE persists for more
than 24 hours or if it reappears
after medication is withdrawn,
2nd and 3rd line drugs that have
not been used previously should
be used or different antiepileptic
drugs and other options should be
considered, such as: ketogenic diet,
immunomodulatory treatment or

epilepsy surgery.

Figure 4. Treatment algorithm proposal of
status epilepticus (SE). BRV: brivaracetam;
BZD: benzodiazepines; Cl: continuous
infusion; CNZ: clonazepam;

DZP: diazepam; GCS: Glasgow Coma
Scale; IVIG: intravenous immunoglobulins;
LEV: levetiracetam; LCS: lacosamide;
MDZ: midazolam; OTI: orotracheal
intubation; PB: phenobarbital;

PER: perampanel; PHT: phenytoin;

SE: status epilepticus; TPM: topiramate;
VPA: valproic acid.



NEUROLOGICAL EMERGENCIES IN PEDIATRICS

Table V. Stroke simulators —stroke mimics—

Entity Characteristics Neuroimaging

— Brain MRI is preferable, if epilepsy
is suspected

— Brain MRI/cranial CT: suspicion of
structural symptomatic episodes

— Reversible hemiparesis secondary to hemicorporeal motor
seizures

— They may be accompanied by aphasia, hemianopia or numbness

— Recovery 10 to 20 minutes later

Postictal paresis/
Todd’s paresis

Hemiplegic — Presence of episodic and reversible motor weakness as a — It may be necessary in the first
migraine manifestation of the aura episode
— It may associate other aura symptoms: visual, sensory, — No findings usually
dysarthria/aphasia and brain stem — Rare: cortical edema and cortical
— Gradual and progressive spread of one aura symptom after or meningeal enhancement
another contralateral to the hemiparesis
— Severe headache
— There may be a family history
Alternating — Genetic condition — It may be necessary in the first
hemiplegia — Periodic episodes of hemiplegia or quadriplegia episode

— It can associate dystonia, paroxysmal eye movements, seizures, — No abnormalities

cognitive impairment, and ataxia

— Brain MRI/cranial CT: identification
of the specific lesion

— Usually progressive appearance of neurological symptoms, such
as hemiparesis
— There may be other accompanying symptoms

Brain tumors

Central nervous — Symptoms accompanied by other clinical signs (e.g. fever, rash,  — Brain MRI/cranial CT: meningeal

system infection

neck stiffness, severe headache, etc.)

— Analytical signs of infection in blood and CSF

enhancement and parenchymal
lesions

Acute disseminated
encephalomyelitis
(ADEM)

— Demyelinating disease of the central nervous system that may
present with multifocal symptoms, such as acute hemiparesis
and encephalopathy

— History of infection in previous weeks

— Brain MRI: diffuse, poorly
defined, large lesions (>1 to 2 cm)
predominantly affecting the white
matter

Mitochondrial
encephalomyopathy,
lactic acidosis and
stroke like (MELAS)

blindness

— Genetic condition
— It can present as: hemiparesis, hemianopsia or cortical

— It may be associated with: epileptic seizures, recurrent

migraines, vomiting, short stature, hearing loss, and muscle

weakness

— Brain MRI: brain lesions that do
not respect vascular territories

Functional disorder

— Inconsistent findings: fluctuating weakness, only in some

positions, disproportionate, apparent indifference to gravity
— Neuroanatomical incongruity

— Normal studies

— No abnormalities

Magnetic resonance imaging (MRI) is always preferable to computed axial tomography (CAT), given its greater sensitivity for ischemic
lesions, similar for hemorrhage, and absence of radiation. Consider rapid MRI protocols that avoid sedation in emergency situations.

Acute hemiparesis/stroke

Recognition and differential diagnosis of
acute hemiparesis is challenging, particu-
larly at early ages. Clinical findings com-
bined with neuroimaging are essential for
diagnosis and treatment.

Definition

The onset of acute hemiparesis/
hemiplegia in a pediatric patient is
always worrying. Although the etio-
logy is diverse, cerebral stroke must be
included in the differential diagnosis,
quickly activating all the protocols
established in our environment.

Correct clinical identification of
acute hemiparesis avoids unnecessary
diagnostic or therapeutic procedures
and allows the early implementation of
specific therapeutic measures for each
etiology, some of them severe.

Etiology

Cerebrovascular accident/stroke

We can distinguish between ische-
mic stroke (arterial or venous) and
hemorrhagic stroke. The underlying
risk factors are diverse, such as: focal
cerebral arteriopathy, arterial dissec-
tion, structural heart disease, sickle cell

anemia or arteriovenous malformation,
among many other causes. Arterial
ischemic strokes most commonly pre-
sent with a focal neurological deficit,
such as hemiparesis, which is the most
common focal manifestation. Hemorr-
hagic strokes present more frequently
with headache or altered mental sta-
tus compared with ischemic arterial
strokes. Epileptic seizures can occur
in all types.

Stroke mimics

These are entities that are difficult
to clinically differentiate from stroke.
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They must be taken into account due to
their frequency and because some are
serious neurological pathologies that
require urgent diagnosis and treatment.
Among them are: hemiplegic migraine,
Todd’s paralysis, acute disseminated
encephalomyelitis (ADEM), alterna-
ting hemiplegia, brain tumors, CNS
infections, stroke-like in mitochondrial
diseases, hypoglycemia, psychogenic
symptoms and poisoning7). Table V
shows the characteristics of some
stroke simulators.

The gradual and progressive spread
of one aura symptom after another,
the presence of positive symptoms,
such as visual flashes or paresthesias,
or the association with nausea, vomi-
ting, photophobia and phonophobia, is
suggestive of migraine.

The presence of previous paroxys-
mal symptoms, such as muscle contrac-
tions, cephalic version or loss of cons-
ciousness, together with the recovery of
hemiparesis in a short period of time,
should make us suspect an epileptic
seizure.

The presence of clinical findings
inconsistent with neurological patho-
logy, during the clinical history or exa-
mination, may be related to a functio-
nal etiology.

Approach in the Emergency
Room

Assessment

* Clinical history and physical exami-
nation: precision in the initial eva-
luation of the patient is a fundamen-
tal tool in the differential diagnosis
of acute hemiparesis (Algorithm
1). Family history of similar con-
ditions, previous high-risk diseases
(congenital heart disease, sickle
cell anemia, arthropathies), use of
drugs, progression and duration of
hemiparesis, accompanying and pre-
ceding symptoms must be evaluated
in detail. The neurological exami-
nation must be complete, paying
special attention to the location of
the lesion, evaluation of the level of
consciousness and the progression
over time of the signs and symp-
toms. The pediatric examination
should not overlook the identifica-
tion of signs of infection, as well as a
complete cardiological examination
with blood pressure measurement.

EN - PEDIATRIA INTEGRAL

* Neuroimaging: urgent neuroima-

ging will be necessary in case of
suspected recent onset hemiparesis.
Magnetic resonance imaging
(MRI), if possible MRI angiogra-
phy, is preferred for the differential
diagnosis. It has better temporal,
spatial and diagnostic resolution,
but it is unlikely to be available
on an emergency basis(8). Rapid
protocols that prioritize diffusion-
weighted images(?) are very useful
in the first hours to differentiate a
stroke from its simulators.
Cranial computed tomography (CT)
allows for studies to be performed
in a short time and to quickly iden-
tify cranial hemorrhages or tumors,
but may be normal in the first hours
of the ischemic stroke. In the case of
suspected ischemic stroke, perfu-
sion CT and CT angiography can
improve detection, identify large
vessel occlusion, and estimate the
core of the infarct and the penum-
bra area. These are studies with a
higher radiation rate than the con-
ventional technique, which should
be requested only in cases of high
suspicion of stroke, if urgent MRI
is not available.

+ Additional studies(!®): it is advisable
to perform a blood test that inclu-
des full blood count and biochemis-
try with: blood glucose, ions, liver
function, kidney function, clotting,
lactic acid and markers of infection.
Blood or CSF analytical studies can
help in the differential diagnosis, for
example, of infectious and metabolic
processes (MELAS), among others.
A lumbar puncture would be indica-
ted: when there are no contraindica-
tions, if there are signs of infection,
autoinflammatory/autoimmune
disorders, metabolic disease or sus-
pected subarachnoid hemorrhage
not confirmed by imaging.

Treatment

Initial stabilization is a priority
in a patient with acute hemiparesis.
These patients require admission to
the PICU. Neuroprotective measures,
such as maintaining homeostasis, ade-
quate ventilation and oxygenation, or
avoiding hypotension, among others,
should be started as soon as possible.

The specific treatment will depend
on the defined cause:

* Pediatric stroke: treatment is based
on brain protection, assessment
of revascularization techniques/
reperfusion, treatment of sequelae
and triggering factors. Specific
treatment will depend on the type
of stroke, the presence of brain
hemorrhage, and other individual
factors. Reperfusion therapies
could be applied in selected pedia-
tric patients with ischemic stroke
in the first hours, both with tissue
plasminogen activator (tPA) and
thrombectomy. It will be necessary
to know the existence, or not, of
a “Pediatric Stroke Code” in our
environment, in order to reduce the
time of diagnosis and treatment of
these patients. In all cases, it is
essential to: maintain adequate
ventilation and oxygenation, nor-
moglycemia, normothermia, avoid
hypotension and epileptic seizu-
res(?), It is recommended to start
early preventive treatment to avoid
recurrences, with anticoagulants
(low molecular weight heparin or
unfractionated heparin) or antipla-
telet agents (aspirin).

* Hemiplegic migraine: in the acute
episode, symptomatic treatment of
the headache and accompanying
symptoms is recommended. The use
of triptans is controversial. In severe
cases, parenteral corticosteroids may
be used. As preventive treatment,
the same drugs as for other migrai-
nes could be used. Verapamil has
been recommended in those patients
with many auras. Acetazolamide has
been used in patients with familial
hemiplegic migraine.

* Alternating hemiplegia: Flunari-
zine is the drug most commonly
used to reduce the frequency and
intensity of episodes.

* Epileptic seizures: the rescue
treatment for epileptic seizures
continues to be benzodiazepines
(diazepam, midazolam). If it is epi-
lepsy, the maintenance antiepileptic
drug should be chosen based on the
characteristics of the patient and the

type of epilepsy.



* Acute Disseminated Encepha-
lomyelitis (ADEM): the mainstay
of treatment is high-dose intrave-
nous glucocorticoids. Other options
are intravenous immunoglobulins
and plasmapheresis.

* Mitochondrial encephalopathy,
lactic acidosis and “stroke-like”
episodes (MELAS): Arginine
supplementation has been used to
treat acute episodes and as main-
tenance. Epileptic seizures must be
treated vigorously. The use of urgent
intravenous saline with dextrose is
recommended to maintain energy
supply and cerebral perfusion during
an acute episode.

Prognosis

Initiating adequate treatment in the
shortest possible time is essential in
the face of acute hemiparesis, being one
of the factors most closely related to
prognosis. Any intervention to improve
outcomes, such as applying neuropro-
tective measures from the beginning,
could benefit the patient throughout
their life(20),

In the case of stroke in Pedia-
trics, approximately 75% of patients
suffer long-term neurological morbi-
dity@D. Reducing the time of care and
treatment of these patients will favor
their optimal long-term prognosis.

Acute ataxia

Although acute ataxia in pediatric age is
frequently due to poisoning or self-limited
post-infectious symptoms, the identifi-
cation and treatment of other potentia-
lly serious causes should be as early as
possible. There is a time limit after which
recovery of established cerebellar damage
is not possible.

Definition

Ataxia refers to alterations in the
coordination of posture and movement.
Acute ataxia is one with a duration
of less than 72 hours. Some authors
include a duration of less than 7 days.

Pathophysiology of ataxia(22)

The origin of ataxia is related to the
alteration of the structures that regu-
late balance and coordination.

NEUROLOGICAL EMERGENCIES IN PEDIATRICS

* Cerebellar origin: damage isolated
to the cerebellum or in combination
with other connected brain struc-
tures, such as the brainstem. It is
divided into: kinetic or hemisphe-
ric ataxia (dysmetria, dysdiadocho-
kinesia, tremor), static or vermian
ataxia (truncal ataxia, increased
base of support) and global ataxia.
Nystagmus is multidirectional and
Romberg test is negative.

* Vestibular origin: associated with
dysfunction of the vestibular system.
It is characterized by unstable gait
with inclination/deviation of the
postural axis and associated sensa-
tion of vertigo. Horizontal nystag-
mus and positive Romberg test with
a latency period are observed.

* Sensory origin: involvement of the
proprioception due to damage to
the posterior spinal cords or peri-
pheral sensory nerves. Walking is
unsafe with sudden corrections and
may be accompanied by paresthe-
sias. There is hyporeflexia and
Romberg test is positive. It is the
ataxia that can be associated with
Guillain-Barré syndrome.

Approach in the Emergency Room

Clinical history

The following should be inquired:
time of evolution, recent infections
or vaccinations, symptoms of current
infection, accompanying symptoms
and their progression. One should ask
about the possibility of access to toxic
substances or head trauma, as well as
personal and family history.

Physical exploration

It must be general, including taking
constants. During the neurological
examination, special attention should
be paid to focal neurologic deficit, level
of consciousness and signs of intracra-
nial hypertension or nervous system
infection. Regarding the ataxia itself,
assess:

* Alteration of posture and gait(23).
Imbalance, increased base of sup-
port, inability to walk or sit. Some
maneuvers are useful, such as the
Romberg test (it especially evaluates
proprioception) or the Barany test,
in which the patient remains seated

with eyes closed and arms extended
in front, which should not deviate
(it especially evaluates the vestibular
system).

Alteration of limb movement. The

following should be highlighted:

— Dysmetria. Inability to reach ob-
jects with hands, arms or legs. It
is examined using index-nose and
heel-knee tests.

— Action and postural tremor. The
patient will pour water from one
glass to another.

- Dysdiadochokinesia. Inability
to synchronous alternating mo-
vements. It is explored by using
the hand movement of screwing
in a light bulb or alternately tap-
ping the palm/back of the hands
on the thighs.

Language alteration. It includes
mutism and dysarthria with slow,
explosive, and often nasal speech.

Alteration of muscle tone. Hypoto-
nia, especially after acute cerebellar
injury.

Oculomotor alterations. Fixation
and pursuit deficits, nystagmus,
alignment disorder, oculomotor
apraxia, etc.

Cognitive alteration. Abnormality
of executive functions and visuospa-
tial disorders, inability to read and
write, and inappropriate behaviors.
There may be problems with: atten-
tion, perseveration, impulsivity,
anhedonia and passivity.

Emotional alterations.

Some data suggestive of severe

neurological pathology in acute ataxia
are: age over 5 years, presence of hypo/
areflexia, dysmetria, alteration of cons-
ciousness or visual alteration (diplopia,
papilledema, decreased visual field)@4).

Complementary tests

Urgent neuroimaging will be per-

formed in: ataxia with altered level of
consciousness, signs of intracranial
hypertension, neurological focality,
asymmetry of ataxia or history of head
trauma(®). Patients under 5 years of age
with previous viral infection, without
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signs or symptoms of extracerebellar
involvement, can be managed without
lumbar puncture or neuroimaging(?>).

Approach in the Emergency Room
according to etiology

Among the multiple causes of ataxia,
infectious or parainfectious etiology is
the most common. A global approach
in the Emergency Department can be
found in algorithm 2.

* Postinfectious acute cerebellar ata-
xia(26), It is the most common cause
of ataxia. It affects patients aged 1-6
years and is an autoimmune reaction
to a viral or bacterial infection. The
agents that have been most related
are: Varicella-zoster, Epstein-Barr,
Coxackie, Echovirus, Enterovirus,
Parvovirus, Mycoplasma pneumo-
niae and Borrelia burgdorferi. A
few days or weeks after an infection,
truncal ataxia, difficulties stan-
ding and intention tremor appear.
Complementary tests are normal.
The prognosis is favorable, without
requiring treatment given its self-
limiting nature.

* Acute cerebellitis. Similar to the
previous clinical picture, but also
associating: affectation of general
condition, fever, vomiting, heada-
che, photophobia and/or altered
level of consciousness. There is ele-
vation of acute phase reactants and
pleocytosis or hyperproteinorrachia
in CSF. Cranial MRI shows cere-
bellar edema, either global or focal.
The treatment is etiological, of the
infection. The effectiveness of cor-
ticosteroids is doubtful. Despite its
severity, with appropriate treatment,
the prognosis is favorable in the
majority of cases.

* Cerebellar abscess. Generally due
to extension of an ENT infection. It
manifests with: fever, headache and
cerebellar ataxia. The treatment is
etiological for the infection, and may
require neurosurgical treatment.

* Rhombencephalitis. Rare infec-
tion, associated with Listeria,
Varicella-zoster or Enterovirus 71.
It manifests as febrile ataxia and
meningism. In CSF there may be
pleocytosis and, in cranial MRI,
involvement of the trunk and cere-

bellum.
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* Opsoclonus-myoclonus-ataxia

syndrome. It mainly appears in
children under 4 years of age. It is an
immune-mediated, paraneoplastic,
parainfectious or idiopathic condi-
tion. Neuroblastoma is the neoplasm
with which it is most related. Ata-
xia may be the first manifestation.
It associates: myoclonus (sudden
muscle Contractions), apsaclonus
(chaotic, brief and intermittent eye
movement), irritability and sleep
disturbances. Opsoclonus tends to
be the later manifestation or may
even be absent. Immunomodula-
tory treatment, for example, with
corticosteroids, immunoglobulins
and/or rituximab, has substantially
improved the prognosis of patients.
Untreated or undertreated patients
usually present neurodevelopmental
and behavioral sequelae.

Miller-Fisher Syndrome(27),
Variant of Guillain-Barré syn-
drome, which presents with the
triad ataxia, areflexia and ophthal-
moplegia. Hyperproteinorrachia
may be found. Treatment is based
on the use of immunoglobulins or
plasmapheresis. The outcome is
usually favorable with optimal reco-
very after 6 months.

Acute disseminated encephalomye-
litis (ADEM). Rare acute demyeli-
nating disease that affects the brain,
spinal cord and/or optic nerves,
after a previous infectious condi-
tion. Neurological manifestations
include: pyramidal signs, hemipa-
resis, ataxia, cranial nerve palsies,
seizures and encephalopathy. The
MRI shows demyelinating lesions.
Treatment is based on high-dose
corticosteroids, immunoglobulins
and/or plasmapheresis. Although
there may be catastrophic forms,
the overall outcome is favorable in
most cases.

Acute labyrinthitis. Probably of
viral origin, with ataxia, intense
vertigo and nystagmus. Treatment
with corticosteroids is useful.

Neoplasms. Ataxia can appear as a
symptom in tumors of the cerebe-
llum, brain, pons, and spinal cord.
Post-concussion syndrome. After
head or neck trauma. It associates
headache, vomiting and confusion.

Cerebellar stroke. The most fre-
quent clinical manifestations are:
ataxia, vertigo, vomiting and hea-
dache. It is confirmed by neuroima-
ging. Neurosurgical treatment may
be required in cases with hemorr-
hage or large edema, for decompres-
sion.

Toxic-metabolic. Ataxia may appear
in the context of metabolic abnor-
malities, such as hypoglycemia,
hyponatremia and hyperammone-
mia. Also, due to accidental or pro-
voked ingestion of toxic substances:
alcohol, benzodiazepines, opioids,
antihistamines, antiepileptics,
among others.

Functional disorder. Inconsistencies
are found in the examination.

Acute hypotonia

Hypotonia can appear acutely as a sign of
multiple systemic disorders. The accom-
panying symptoms will be essential to pro-
perly guide the diagnosis.

Definition

i
s

Hypotonia is defined as the decrease
n the resistance of the muscles to pas-
ive stretching, compared to weakness,

which is the decrease in the maximum

force that can be generated volunta-
rily. Hypotonia can arise from injury

t

S
t

o0 any region of the nervous system or

be influenced by other circumstances,

uch as stress or visceral pain. Hypo-
onia may occur with or without weak-

ness; whereas weakness always implies
hypotonia. This article focuses on enti-

t

ies with an acute onset, so those with a

chronic course, such as spinal muscular
atrophy, will not be addressed.

Classification(28

Depending on the location of the

lesion, it has traditionally been divided

i

nto hypotonia of central and periphe-

ral origin, with symptoms correspon-
ding to first and second motor neuron
lesions, respectively. However, someti-
mes it is not easy to make this distinc-

t

ion, due to overlapping characteristics

of both conditions (mixed hypotonia).

Central hypotonia. The most
frequent. It occurs due to involve-
ment of the central nervous system

(CNS). Hypotonia will be pre-



dominantly axial, with preserved
limb movements against gravity.
Deep tendon reflexes (DTR) will
be normal or elevated. There may
be altered contact or level of cons-
ciousness and epileptic seizures.
Neuroimaging may be altered. The

main causes are:

— Acute encephalopathy. It inclu-
des: hypoxic-ischemic encepha-
lopathy (the most common cau-
se of acute neonatal hypotonia),
cerebrovascular accidents, acute
toxic-metabolic disorders and
CNS infections. They require
early detection and treatment to
reduce sequelae.

— Chromosomopathies or genetic
alterations. There are usually ac-
companying phenotypic features
and hypotonia is chronic. Some
examples are: trisomy 21, Prader-
Willi syndrome, Williams syn-
drome, etc.

— Inborn errors of metabolism.
Some present acutely after an
asymptomatic period.

— Congenital anomalies of the
CNS.

— Others. Trauma at the cranio-
spinal level, heart failure or other
systemic affections.

Peripheral hypotonia29). Involve-
ment of the peripheral nervous sys-
tem (PNS). Hypotonia will be glo-
bal, both axial and distal, with asso-
ciated muscle weakness0. DTRs
will be decreased or absent. There
is no alteration in contact or level of
consciousness and the neuroimaging
is normal. It may be associated with:
ventilation and swallowing disor-
ders, elevation of muscle enzymes
(CK), muscle atrophy and fascicu-
lations. Depending on the location
of the injury, the main causes are:

— Anterior horn motor neuron.
spinal muscular atrophy, chronic
course.

— Peripheral nerve: neuropathies,
chronic course.

— Neuromuscular junction:
myasthenic syndromes; some of
them, such as myasthenia gra-
vis or botulism, can be acute in
onset.
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— Mouscle fiber: congenital myo-
pathies and muscular dystro-
phies, of chronic course.

Physical examination

Any pediatric examination should
include a basic neurological exami-
nation, in which muscle tone will be
evaluated. Tone is examined in neona-
tes or small infants using techniques
such as ventral suspension, traction
maneuver, vertical suspension, or the
scarf sign. At later ages, it is explored
through passive mobilization, grading
from 1 to 4 using the Ashworth scale.
Hypotonia must be differentiated from
hyperelasticity or increased range of
motion of a joint without hypotony.
Strength is examined through the
ability to maintain antigravity posture
of limbs or the response to resistance.
Fatiguability is explored by repea-
ting movements (opening and closing
hands) or maintaining a posture for a
few minutes (looking up).

Approach based on etiology

* Acute myelitis®Y. It is a neuroin-
flammatory condition of the spinal
cord. In relation to viral (enterovi-
rus) or autoimmune processes. After
a febrile process, hours or days later,
a picture of flaccid paralysis, hypo-
tonia and areflexia begins, with an
asymmetric distribution. The most
important complication is respira-
tory failure and dysautonomia. The
MRI is altered, with increased T2
signal in the gray matter of the spi-
nal cord, whether or not associated
with increased signal from nerve
roots. Pleocytosis is usually present
in the CSF. In addition to CSF cul-
tures and serologies, pharyngeal and
rectal swabs should be requested to
rule out viruses. The diagnosis is
made by imaging and microbiolo-
gical confirmation. Treatment is
supportive, along with corticoste-
roids.

* Guillain-Barré syndrome®2). It is
the most common cause of acute
neuromuscular weakness. Its etio-
logy is autoimmune, after infections
by Campylobacter jejuni, Cytome-
galovirus, Mycoplasma pneumoniae
or Influenza virus. It generally
begins with distal and symmetrical
paresthesias, followed by ascending

weakness with rapid progression.
There are atypical forms, starting
in the upper extremities or facial
muscles. Hyperproteinorrachia
may appear in CSF. The electro-
neurogram (ENG) shows slowing
of conduction velocity. Treatment is
carried out with immunoglobulins
or plasmapheresis. The outcome is
usually favorable in weeks-months.
10-20% will present persistent
motor deficits.

Childhood/juvenile myasthenia
gravis. It is an autoimmune con-
dition due to anti-acetylcholine
(ACh) receptor antibodies, among
others. It can be associated with
other autoimmune diseases, such
as Hashimoto’s disease or autoim-
mune polymyositis. The initial
manifestation is usually: ptosis,
strabismus and diplopia, but the
pupils are usually not affected. In
adolescents it is more common for
it to evolve into a generalized form,
with hypotonia and global fatigue.
There is a life-threatening risk due
to the involvement of the respiratory
muscles. It is important to demons-
trate fatigue for the diagnosis. Com-
plementary tests include: serological
tests to identify antibodies; pharma-
cological test with edrophonium, an
acetyl-cholinesterase (AChE) inhi-
bitor drug that temporarily impro-
ves symptoms, which will be carried
out in a hospital environment; and
electrophysiological test (ENG).
Treatment is with pyridostigmine,
an AChE inhibitor. In generalized
forms, immunosuppressants must be
combined. Thymectomy is not an
intervention of choice in the pedia-
tric age, except in cases of resistance
to conventional treatment.

Botulism®3:34), It is due to expo-
sure to Clostridium botulinum (CB)
toxin through ingestion of contami-
nated food, through wounds or by
inhalation. The following are con-
sidered risky environments: rural
areas, construction areas, exposure
to dust or contact with animals.
The toxin produces a blockade of
the presynaptic release of ACh
at the neuromuscular junction. It
causes mydriasis and progressive
descending flaccid paralysis, which
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can lead to respiratory failure.
Affectation in infants is rare. There
are mild forms, with poor crying,
hypoactivity and constipation. The
diagnosis consists of identifying the
toxin in feces and/or blood or identi-
tying the pathogen in the digestive
tract. Treatment requires stabiliza-
tion and support measures. In severe
cases, botulinum antitoxin of equine
origin or specific human immuno-
globulin can be used. The progno-
sis is favorable, generally, with full
recovery within several weeks and a
mortality rate of less than 1%.

Role of the Primary Care
pediatrician

If a pediatric patient presents to the
Primary Care clinic with a neurologi-
cal emergency, the pediatrician’s role
should focus on initial stabilization and
early out-of-hospital treatment, such as
in epileptic seizures. In addition, the
Primary Care pediatrician is a fun-
damental figure for the activation of
emergency/transportation services and
the coordination with hospital services,
when transfer is necessary.

In cases where the patient arrives
stable or the event has resolved, the
pediatrician will assume the main
role in the approach and diagnosis of
patients, referring only necessary cases
to hospital specialists.
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Clinical case

A 21-day-old neonate who attends the Emergency Room due to irritability, weakness, and refusal of feedings, during the
last 24 hours. No bowel movement in the last 48 hours. Fever, no respiratory symptoms.

Family background: healthy non-consanguineous parents. He is the only child of the couple.

Personal history: spontaneous pregnancy of normal course. Eutocic delivery at 41 +3 weeks of gestation. Apgar 9/10.
Non incidental perinatal period. Normal birth biometry. Currently breastfeeding with good suction and swallowing. Normal

metabolic and hearing screenings.

Examination: Pediatric evaluation triangle (PET): decompensated shock. Bad general condition. Poor distal perfusion.
Eupneic, no respiratory distress. Glasgow Coma Scale 8 (Ocularl, Verbal2, Motor5). The following stands out: whining when
crying, absence of spontaneous eye opening, non-reactive bilateral mydriasis, poor spontaneous mobility, global hypotonia

and abolished deep tendon reflexes.

He was admitted in the Neonatal Unit.

Algorithm 1. Approach to acute hemiparesis

ACUTE HEMIPARESIA

CLINICAL EVALUATION
INITIAL STABILIZATION

\

Blood glucose, electrolytes, liver

and kidney function, clotting, lactic

acid, infection and blood count

URGENT NEUROIMAGING
MRI* and/or CT

Altered

Proceed based
on findings/
diagnosis

Consider:
Hemiplegic migraine
Alternating hemiplegia
Todd’s palsy
Functional disorder
Transient ischemic stroke
(uncommon in childhood)

No findings

Cranial CT

Altered

Proceed based
on findings/
diagnosis

*Brain MR with diffusion, MR angiography if possible.
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Algorithm 2. Proposal for diagnostic guidance for acute ataxia in Pediatrics

Acute
‘ Exclude encephalitis (LP) ‘ ataxia

A

Angio CT, ‘ Meningeal sions? ‘ Cranial | YeS | If focal signs, urgent
Angio MRI eningeat signs- trauma neuroimaging
A

No
Y
Focal signs or .
ICP increase <—Ees c?:i::arr{ OJX
Altered consciousness P
No
Y \
Clinical control No focal signs or Signs of Yes
. L . . Urgent
Neuroimaging, if increased ICP focality or . ,
no improvement Altered consciousness raised ICP neuroimaging
GBS
No
Possible vestibular Hearing loss, ¥ (perform LP)
dysfunction < tinnitus and Meningeal Yes A
ENT evaluation AOM Signs Perform LP |tCN§
alteration

T No -

Y

Vneq?tlrt:rllaer Headache<—{ Vertigo ‘ Yes | Suspect acute Positive
: Hypor@—» neuropathy, )

e Y

Y

Miller-Fisher
syndrome

Cogs\(/ier Rec‘ur;ent No ! Alteration of Encephalitis
H episodes consciousness Bickerstaff
Are some Opsoc/onﬂ
of the signs —

z
present: Opsoclonus-myoclonus-

ataxia syndrome

Suspect acute
post-infectious
ataxia

Febrile
illness

Y

Spontaneous
Consider Evolved improvement
neuroimaging >3d
y

Probable undiagnosed
transient ataxia

Urgent
neuroimaging

Progressive alteration of
consciousness and seizure

Sign Possible
incongruence functional ataxia

AOM: acute otitis media; BPV: benign paroxysmal vertigo; CNS: central nervous system; CV- Conduction velocity;
GBS: Guillain-Barré syndrome; ICP: intracranial pressure; LP: lumbar puncture.

) = = - The Accreditation Questionnaires for FC topics can be done at “On line”
“ Accred Itatlon ql’"z through the web: www.sepeap.org and www.pediatriaintegral.es.

To obtain the single continuous training accreditation from the accreditation

system for health professionals for the entire national health system, 70% of the questions must be answered correctly. The

accreditation questionnaires on the different issues in the journal may be carried out during the period stated in the online questionnaire.

EN - PEDIATRIA INTEGRAL


http://www.sepeap.org
http://www.pediatriaintegral.es

e

&9 Accreditation quiz

Subsequently, the following accreditation quiz of Pediatria Integral collects questions on this topic, which must be answered
online through the website: www.sepeap.org.

In order to obtain certification by the Spanish “formacion continuada” national health system for health professionals, 70% of
the questions must be answered correctly. The accreditation quizzes of the different numbers of the journal may be submitted
during the period indicated in the “on-line” quiz.

Neurological emergencies c. Valproic acid. d. Rhombencephalitis.
in Pediatrics d. Midazolam. e. Miller-Fisher syndrome.

e. Phenytoin.
1. Identify the CORRECT answer

regarding syncope in the pediatric

Clinical case
4. Identify the CORRECT answer

age:
a. Most syncopes are due to poten-
tially severe causes.

b. Itis rarely associated with short-
term, reversible autonomic dys-
function.

c¢. Anelectrocardiogram is recom-
mended in patients with febrile
syncope.

d. An electroencephalogram study
must always be requested in all
convulsive syncopes.

e. Pharmacological treatment is
recommended in vasovagal syn-
cope from the first episode.

. Which of the following clinical
data should make us SUSPECT a
serious situation in a patient with
altered level of consciousness?

a. Areactive miosis.

b. Anisocoria.

c. Altered breathing pattern.
d

. Papilledema together with
bradycardia and arterial hypo-

tension.

e. All of the above.

. Which of the following antiepi-
leptic drugs would be the FIRST
option for a patient with a tonic-
clonic seizure that remains active
for 3 minutes?

a. Levetiracetam.

b. Lacosamide.

regarding acute hemiparesis in the

pediatric age:

a. Preventive treatment of recu-
rrences is not indicated in ische-
mic stroke.

b. The imaging technique of choice
for acute hemiparesis is Angio

CT or perfusion CT.

c. Epileptic seizures can be a
manifestation of stroke in the
pediatric age. Therefore, it is not
necessary to treat them, it is only
necessary to perform revascula-
rization treatment.

d. Clinical findings inconsistent
with neurological pathology
may be related to a functional
etiology.

e. In mitochondrial encephalom-
yopathy, lactic acidosis and
“stroke like” (MELAS), brain
lesions present a distribution
through defined vascular terri-
tories.

. Ina 3-year-old patient who begins

acute ataxia after a febrile infec-
tious illness a week ago, with pre-
served good general condition and
no other accompanying symptoms
currently, what entity should we

SUSPECT?
a. Acute cerebellitis.
b. Acute postinfectious ataxia.

c. Opsoclonus-myoclonus syn-
drome.

6. What etiology could be RULED

OUT after the initial history and

physical examination?
a. Sepsis.

. Inborn error of metabolism.

b
¢. Myasthenic syndrome.
d. congenital myopathy.
e

None of the above.

. Which complementary test of the

following is the LEAST USEFUL

in guiding the diagnosis?

a. Blood, urine and CSF analysis,
including microbiological stu-
dies.

b. Cardiac MRI.

Basic metabolic studies.

a0

. Electrophysiological study
(ENG/EMQ).

e. Neuroimaging.

. What WOULD CONFIRM the

suspected diagnosis of botulism?

a. Identification of botulinum
toxin in feces.

b. Favorable progression after
treatment with antitoxin.

c. Specific findings in the neuroi-
maging.

d. Specific findings in the neu-
rophysiological study (ENG/
EMG).

e. No complementary test con-
firms the diagnosis of botulism.
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