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Summary: The ability of fast response in case of increasing health problems of a child which lead directly to life-threatening
situations is a necessary condition for creating opportunity of child’s survival until it will be transported to intensive care unit,
where it will be provided with care by a specialist. In case of healthy children the most common cause of acute respiratory fa-
ilure is obstruction of upper respiratory tract. There is an enormous variety of causes of upper airway obstruction, but the most
important are the result of congenital defects, acute inflammation, anaphylactic reactions, foreign body aspiration and injuries.
Consequence of the hypoventilation resulting from significant impediment of airflow through the obstructed airways is impa-
ired gas exchange in the lungs. This leads to the increasing hypoxemia (PaO 2 <60 mmHg) and hypercapnia (PaCO2> 45 mmHg).
This condition is called the total respiratory failure. The persistence of hypoventilation leads to hypoxia of vital organs (heart
muscle, brain), increased anaerobic metabolism, acidosis, and inevitably to cardiac arrest as a result of homeostasis disorders.
Respiratory failure is defined as acute when developing suddenly and is potentially reversible. We can find such a situation in
the fast-increasing stenosis of the larynx. Symptoms of severe dyspnoea occur in a short time, but can be interrupted by an
effective airway patency. Acute respiratory failure is a state of direct threat to life, which is why it is crucial to give a prompt aid
to the sick child. The aim of this paper is to discuss the signs and symptoms, knowledge of which is essential for rapid identifica-
tion and initial differentiation of the causes of acute upper airway obstruction in children. The principles of first-aid for children
with acute respiratory failure and above all the description of life-saving procedures will be presented.
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Introduction - acute respiratory failure (ARF)

One of the most common causes of ARF in previously healthy children is obstruction of the upper airways
(UA). There is a huge variety of causes of obstruction of UA, but the most important ones are the result of congeni-
tal defects, acute inflammation, anaphylactic reactions, foreign body aspiration and injuries (Oleniacz 2008). Con-
sequence of the hypoventilation resulting from significant impediment of airflow through the obstructed airways
is impaired gas exchange in the lungs. This leads to the increasing hypoxemia (PaO 2 <60 mmHg) and hypercap-
nia (PaC02> 45 mmHg). This condition is called the total respiratory failure (Szczeklik 2010). The persistence of
hypoventilation leads to hypoxia of vital organs (heart muscle, brain), increased anaerobic metabolism, acidosis,
and inevitably to cardiac arrest as a result of homeostasis disorders. Respiratory failure is defined as acute when
developing suddenly and is potentially reversible. We can find such a situation in the fast-increasing stenosis of the
larynx (Daniel 2006; Kwong et al. 2007). Symptoms of severe dyspnoea occur in a short time, but can be interrup-
ted by an effective airway patency. ARF is a state of direct threat to life, for this reason it is crucial to give a prompt
aid to the sick child.
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The anatomy of larynx in children

The larynx is part of the upper respiratory tract and the voice organ. It is composed of muscles, ligaments,
connective membranes and skeleton made of cartilages. Cavity of the larynx consists of three sections: the upper
vestibule of the larynx, middle - middle cavity of the larynx and lower - subglottic cavity. The larynx functions as a
phonatory, respiratory and defence organ. There are fundamental differences between the larynges of a new-born,
an infant, a young child, and an adult human larynx. 1 mm?2 of infant’s glottis supplies 0.013 m? of oxygen to the
body surface area, while in the adult-it supplies 0.009 m? Delivery of oxygen in the infant appears adversely and it
is drastically reduced during the oedema of the mucous membrane of the larynx. Oedema of subglottic area in in-
fants and children is a threat to life far more often than in adults. This is due to the large accumulation of connective
tissue with a number of lymph vessels, which becomes readily oedema as a result of activation by irritating factors
such as infection, allergy, and injury.

Table 1 shows changes in cross-section of subglottic larynx, caused by the oedema of this area depending on
the age (Baker et al. 2006; Maciejewski and Torres 2007).

Table 1. Changes of subglottic area caused by oedema

New-borns Children Adults
Normal Diameter of subglottis (mm) 4 8 14
Surface of subglottis (mm?) 12 48 147
Result 1 mm oedema Diameter of subglottis (mm) 2 6 12
Surface of subglottis (mm?) 3 27 108
Reduction of respiratory surface (%) 75 44 27

The high location of the larynx and undeveloped sufficiently in the early period of life mechanisms of local and
systemic immunity are conducive to the spread of viral and bacterial infections of the upper parts of the respirato-
ry system. During the infection the inflammatory oedema occurs, that narrows significantly the airway and impairs
the respiratory airflow through the throat.

Causes of narrowing of the airways at the level of the larynx in children

e  Developmental disorders of the larynx (Bailey 2003, Baker et al. 2006, Chmielik et al. 2003, Daniel 2006, Yuen

etal. 2006):

o Congenital laryngomalacia is the most common cause of stridor and exhaust dyspnoea in infants - laryn-
gomalacia cases represent 60% of congenital anomalies of the larynx. Symptoms appear at third week of
age and disappear about the 18th month of age. The essence of the disease is collapse of slender cartilage
and fibrous parts during inspiration to the interior of the larynx. Most cases of congenital laryngomalacia
are mild and do not require treatment. In about 10% of cases Laryngomalacia is severe, with significant
respiratory problems and requires surgical treatment including tracheostomy.

o Congenital subglottic stenosis is about 10-12% of congenital larynx defects. Small and medium-sized ste-
nosis may not be symptomatic until the infection of the upper respiratory tract, when even a slight swelling
causes severe subglottic laryngitis.

© Subglottis haemangioma is a congenital tumour occurring in the area of subglottis and trachea. It can be
life-threatening due to the location at the narrowest point of the respiratory tracks. Some children require
implementation and maintenance of a tracheotomy until involution of haemangioma.

o Airway patency disorders can also result from other less frequent birth defects such as: total laryngeal
atresia, fins, cysts and tumours.

Paralysis of the vocal folds (Daniel 2006)

Inspiratory stridor and expiration dyspnoea is observed in bilateral palsy which is often accompanied
by defects of CNS such as Arnold-Chiari syndrome, hydrocephalus, meningocerebral hernia and others.
Dysphagia with aspiration of food into the airways, which is an additional risk, appears in children with
bilateral vocal cord paralysis. The severity of dyspnoea in these patients may require intubation or trache-
ostomy.
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e Acute inflammation of the larynx (Szenborn et al. 2004):

o

o

Laryngitis occurs seasonally, mainly in the autumn-winter period and is a significant clinical problem.
Szenborn et al. in the conclusions to their study involving 632 children hospitalized with symptoms of acu-
te laryngeal dyspnoea pay special attention to the two morbid entities. The first is the subglottic laryngitis,
which was diagnosed in over 75% of hospitalized children. The second is a rare cause (3% of hospitaliza-
tions) - the acute inflammation of the epiglottis, but with the most serious prognosis.

Subglottis laryngitis is a disease which due to narrowing of the airway may be a threat to the life of a small
child. The disease is frequent in childhood, and primarily concerned with children between third month of
life and three years old. The boys get sick twice as often as girls. Etiological factor are viruses. The classic
symptoms appear suddenly at night in a child previously healthy with normal body temperature or the
slight fever state. The disease manifests itself in barking cough, inspiratory-expiratory stridor and inspira-
tory differently severe dyspnoea.

Acute epiglottitis inflammation is rapidly coused disease in which inflammatory oedema of the epiglottis
occurs and significantly impairs the patency of the larynx. Etiologic factor is mostly Haemophilus influen-
zae type B. Predominantly, children between 2 and 7 years of age get sick. Classic symptoms include severe
sore throat, dysphagia, high fever and rapidly growing inspiratory dyspnoea. The disease develops within
a few hours leading to immediate danger of life by suffocation or the development of sepsis. Examination
of the throat may intensify dyspnoea. In many cases require intubation and treatment in the ICU.

e Foreign bodies in the larynx (Szreter 2011):

o

Aspiration of foreign body is the most common cause of respiratory distress in young children and is one
of the major causes of morbidity and mortality in this age group. The problem of foreign body aspiration
affects the most children less than three years of age who put various objects into their mouth and in this
way learn about the world. Most often these are nuts, popcorn, seeds, raw carrots, grapes, candies, coins,
small parts of toys. Sudden onset of stridor in a previously healthy child should always be treated as caused
by the presence of a foreign body, until it is excluded in the bronchoscopy. The foreign body of large size
can get wedged in the larynx and in combination with reflexive contraction, often occurring in these cases,
may lead to severe respiratory failure. It is always direct threat to the child’s life. In this situation life-saving
treatments may be application of percutaneous tracheotomy or cricothyrotomy.

e  External laryngeal trauma in children (Zawadzka-Glos et al. 2013, Oleniacz 2008):

o

Injuries of the larynx represent about 1% of all injuries in children are more common than in adults. The
vast majority of damage of the larynx occurs during play or as a result of traffic accidents. Direct mani-
festation of clinical status does not always correlate with the degree of airway damage of the child. This
means that the patient with injury of the larynx showing even minor symptoms to be treated as a patient
in critical condition. In these cases, the procedure always applies according to the scheme of first aid used
in multiple accidental traumas which main points are: to control breathing disorders and bleeding as well
as stabilize the cervical spine.

e  Allergic swelling (Zielinska 2010, Lacket al. 2003):

[}

After a foreign body aspiration, an anaphylactic reaction is the next most important reason explaining the
sudden occurrence of respiratory distress symptoms in children. The most common cause of anaphylaxis
in children is primarily food, drugs are the second cause and the third one is insect bites. An anaphylactic
reaction is a response the body to contact with the allergen. The greatest clinical implications are changes
occurring in the respiratory and cardiovascular system. The action of histamine-induced bronchospasm
with increasing swelling of the mucosa of the larynx and trachea, causing dyspnoea inspiration - expira-
tion. Vasodilatation leads to a sudden blood pressure drop and consequently to anaphylactic shock. It is
accompanied by pallor of skin along with the rising swelling of the face, lips, neck. Rapid assessment of
condition of a child with a rapidly developing anaphylactic reaction, if possible interruption of exposure
to an allergen, securing airway patency and oxygen therapy, intramuscular adrenaline supply in age-ap-
propriate dose, protection of intravenous access are necessary steps giving the child a chance to survive
and transport to the ICU, where it will be provided with highly specialized help.

Symptomatology of increasing obstruction of the upper respiratory tract in children

Clinical symptoms displayed by a child with upper airway obstruction, regardless of the reason are as follows:
(Graczyniska 2007, Szczeklik 2010):

Increasing dyspnoea, the child suffers from a lack of air, difficulty catching breath despite enhance respi-
ration. The laryngeal dyspnoea resulting from the narrowing of air flow path at this level is an inspiration
-expiration. It may occur suddenly and then have a dramatic course.
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e Invalid path of breathing, tachypnea, much larger respiratory rate of a child than the average base of re-
spiratory rate for the age. Breathing becomes shallower, breath elongates and pauses between inspiration
and expiration is shortened significantly. Complete closure of the airway causes suffocation (asphyxia).

e Pulling sternum, intercostal space, abdominal and supraclavicular holes results from the mobilization of
additional respiratory muscles. The child takes the apparently increased respiratory effort, moving flaps
of the nose, the child sweats.

e Wheezing breath (stridor inspiratory, inspiratory - expiratory), with a tight stenosis of the airways at the
level of the larynx. During inspiration, you can hear the high, monophonic sound like a whistle, called stri-
dor. This sound is clearly audible, frequently without a stethoscope.

e Coughingis a natural defensive reflex. In the case of suspicion of foreign body aspiration into the respirato-
ry tract you should first encourage your child to cough, because it is an effective way to remove the material
obstructing the flow of air through the UA.

e C(Cyanosis of the skin is a symptom of hypoxic of body tissues and indicates persistent hypoventilation of a
child with acute laryngeal dyspnoea.

Principles of conduct in acute dyspnoea in children

Procedure mainly depends on the cause and degree of airway obstruction as well as the current condition of
the child. It should be noted that the patient requires constant monitoring because its condition can suddenly get
much worse. Most frequently this is due to the increasing laryngeal oedema or movement of a foreign body. In this
study, we focused on the discussion of the principles of first aid in case of complete closure of the air flow through
the upper respiratory tract in children, and especially identifying possible ways of unblocking it. In each case of an
acute, life-threatening laryngeal dyspnoea coursing with cyanosis, unconsciousness, cardiac arrest without delay
there must be perform life-saving treatment unblocking respiratory tract. The most frequently performed in such
circumstances are intubation or tracheotomy. In the case where, for various reasons the above steps cannot be
performed alternative life-saving treatments are trachea-oesophageal puncture or cricothyrotomy. Tracheopunc-
ture is the introduction through the skin into the lumen of the trachea needle having a diameter of 1.6 - 1.8 mm.
Tracheopuncture performed in the midline beneath the arch cricoid cartilage. Percutaneous (needle) Cricothyro-
tomy involves puncture of ligament - thyroid cricothyroid and introducing cannula into the lumen of the trachea,
through which pressurized respiratory gases (oxygen) are blown. Tracheopuncture and cricothyrotomy needles
are ad hoc, temporary life-saving treatments. After accomplishment of them full patency of the airway (intubation,
tracheostomy) must be provided, as soon as possible. Child with established cannula must immediately be taken
to the hospital. Due to insufficient ventilation after 30 - 45 minutes the hypercapnia and respiratory acidosis occur
(Oleniacz 2008, Szreter 2011).

Summary

Acute laryngeal dyspnoea is a multidisciplinary problem. It requires careful diagnosis of causes and careful
observation of a sick child, because the prognosis is always uncertain. Knowledge of the symptoms and causes of
upper airway obstruction allows for efficient handling of the child in this dramatic health situation. Sharp course
of inspiratory dyspnoea is always life-threatening condition. This requires undertaking by the rescue team imme-
diate action restoring the patency of the upper respiratory tract.
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