Pediatric Airway

Objectives 
After reading this article you will be able to: 

1. Describe the differences between the adult and pediatric airway regarding treatment and equipment. 

2. Describe the management of an obstructed airway. 

3. Describe the signs, symptoms and management of common childhood airway diseases. 

Introduction 
It is important to remember that children are not just little adults. They have features that make their care unique. In comparison to adults, important differences exist in anatomy, equipment, pharmacology and techniques of airway management. Some of the disease processes are similar to those in adults, but they may affect the smaller airways of children differently. The techniques in treating children will also be different than those to treat adults and the rescuer must be proficient in the procedures in place for pediatric [image: image1.jpg]Glossospiglorti fold
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patients. 

Anatomy 
There are several important anatomic distinctions in children, which will modify how the rescuer handles the approach to treatment. 

· Children’s heads are proportionately larger than an adult’s. 

· Infants are nose breathers, so suctioning secretions is very important in this age group. 

· Children’s tongues are proportionately larger than an adult’s. Posterior displacement of the tongue can easily obstruct the airway and makes laryngoscopy more difficult. 

· A child’s larynx is anterior in comparison to an adult’s and is positioned higher in the neck. (Most can be visualized in a child with a tongue blade and flashlight, whereas this would be difficult to accomplish in an adult patient). 

· The cartilage of the trachea is softer in children. 

· The trachea is smaller in length and diameter. 

· The epiglottis is u-shaped (omega) and extends upward into the pharynx. 

· Vocal cords are shorter and concave. 

· The narrowest portion of the airway is at the level of the cricoid cartilage in children up to about 8 years of age. 

· Small airways are easily blocked by secretions or swelling. 

These differences have several important implications, which must be kept in mind when treating young patients. Pre-hospital caregivers need to remember that proper positioning of the head and nose during airway management is extremely important in infants and young children. 

The head-tilt and chin-lift can be used, but over extension of the neck will cause the trachea to close on itself, similar to a rubber tube “kinking” once it has been over extended. Visualizing children’s airways is more difficult because of their small size and the positioning of their airway anatomy. Larger heads tend to flex the neck if laid on a flat surface, making it necessary to place padding under the child’s shoulders to level the airway. 

Equipment 
Rescue units must be stocked and prepared for any type of emergency. It is very important for each rescuer to know where equipment is stored so that it can be retrieved quickly when needed. A rescuer should approach every call with the equipment that will be needed so that it is close at hand. For example, if a call is received as a choking 2 year old, the rescuers would bring pediatric equipment into the call, not standard equipment that is meant to treat adults. Being prepared on every call will ensure each patient the best outcome possible. 

Ambu Bag 
A properly sized bag-valve-mask is a necessity for ALS and BLS units. A properly sized bag will prevent excess pressure and damage to the lungs. An in-line pressure monitor is preferred and many bags are equipped with a pressure-limited pop-off valve set at 35cm to 45 cm H20 to avoid over inflating the lungs and the damage that can result if lung pressure is changed too quickly. 

Foreign Bodies 
Obstruction of the airway can be either complete or partial and is often seen in very young children of preschool age (1 to 4 years). The most common causes of obstruction is caused by food, such as hard candy, peanuts or hot dogs or by small objects, such as coins, buttons or balloons. The ingestion of a foreign body may have been witnessed, but if not, should be suspected if a healthy child has a sudden onset of respiratory compromise. The signs and symptoms of airway obstruction include the following: 

· Poor air exchange and increased breathing difficulty 

· A silent cough 

· Inspiratory stridor 

· Inability to speak or breathe 

· Muffled or hoarse voice 

· Pain in the throat 

· Drooling 

· Decreased breath sounds 

· Noisy breath sounds (rales, rhonchi or wheezing) 

· Cyanosis 

If a child with a partial airway obstruction is conscious and there is adequate oxygenation noted, the pre-hospital caregiver should not perform any interventions. Attempts to relieve a partial obstruction may actually worsen the patient’s condition by moving the object, thereby creating a full obstruction. The pre-hospital caregiver should provide constant monitoring of the airway and transport the patient rapidly to the hospital so the object can be retrieved in a controlled environment. 

Further agitating a conscious child with a partial airway obstruction can also be detrimental to the condition. The patient should not be place in a supine position, as this may cause the object to shift and further obstruct the airway. Whenever possible, a child should be able to remain with a parent or caregiver to lower anxiety and agitation. 

Management of Foreign Bodies 
The management of an obstructed airway will vary when treating a pediatric patient, depending upon age. If abdominal thrusts are performed on infants, more harm than good can result, as it is easy to damage internal organs in the smallest of patients. 

In any choking victim, if the airway is only partially blocked, and the patient has adequate air exchange and is coughing, no intervention should be attempted unless the patient’s condition deteriorates. The body’s own attempts to clear an airway are often very effective and interruption of the process can place the patient in further peril. These patients must be constantly monitored for signs that the obstruction may have progressed. 

	
	If the initial efforts to dislodge the obstruction are not successful, the rescuer should keep trying. Repeat obstructed airway maneuvers, as deepening anoxia (loss of oxygen) may relax the victim and allow the obstruction to be more easily removed. 


Techniques 
It is important to properly apply the techniques used to clear the airway of an obstruction. When faced with a very young patient, it is easy to lose focus and perhaps find the situation even more stressful because of the child’s age. The rescuer should master important techniques, practicing them until they become second nature. By doing so, confidence will be built and life saving skills will be easily implemented during high-stress situations. 

Back Slaps 
Back slaps can be an effective technique to clear the airway of a very young child, but positioning of the patient is critical. If back slaps are delivered while a patient is sitting up, the obstruction can actually be knocked further down into the airway. Below are the proper procedures for administering back slaps: 

· The rescuer should lay the infant face down along their forearm, with the infant’s face pointing toward the floor. The infant’s head should be lower than the rest of the body, as gravity may assist in dislodging a foreign object. 

· The infant’s head should be supported by the rescuer with a hand on the jaws. The forearm should then rest on a thigh. 

· With the heel of the hand, the rescuer should deliver 5 rapid slaps to the infant’s back between the shoulder blades. [image: image2.png]



Chest Thrusts 
Chest thrusts are also effective in dislodging a foreign body from the airway. The placement of the rescuers fingers on the infant’s chest is exactly the same as in CPR, but the technique in delivering the “compressions” is different. Placement of the fingers is also critical, as internal organs can be easily damaged if this intervention is not performed properly. The following procedures include the transference of the infant from the position utilized for back slaps: 

· After delivering the back slaps, the rescuer should lay their free forearm along the infant’s back with their fingers supporting the head and neck, sandwiching the infant between their two arms. 

· Turn the baby over so that the back is now resting on the other forearm and rest that arm on a thigh, as was done to deliver back slaps. 

· The rescuer should place their middle and index fingers between the infant’s nipples and deliver 5 quick chest thrusts. Chest thrusts are administered in the same location and with the same 2 fingers as chest compressions during CPR, but they are given with more of a thrusting or jabbing motion, rather than steady compressions. 

The Heimlich Maneuver 
The Heimlich maneuver is very effective in clearing a foreign body from an airway. Placement of the hands on the patient is critical, so as to not injury internal organs. As in any technique used in emergency medicine, the Heimlich maneuver should be practice, but when practicing on a person, do not perform the maneuver with the same intensity that would be used in someone actually choking! The procedures for the Heimlich maneuver are as follows: 

· The rescuers should position themselves behind the choking victim. 

· Make a fist with one hand and place the thumb side against the upper abdomen in the midline above the navel, but well below the tip of the breastbone. 

· The rescuer should grasp their fist with the other hand and deliver 6 to 10 quick thrusts, in an inward and upward, fluid motion. The rescuer’s hands should not touch the ribs or breastbone. Each thrust should be a separate and distinct movement. 

If the patient is already unconscious, it may not be possible for the rescuer to position themselves behind the patient. The following procedures should be used on the choking patient who is already on the ground, whether conscious or unconscious: 

· Position the child in a supine position. The rescuer should kneel at the child’s feet; for older children, the rescuer will need to straddle the patient’s legs in order to properly deliver the maneuver. 

· Place the heel of one hand on the child's abdomen in the midline, slightly above the navel and well below the rib cage and lower tip of the sternum. 

· Place the other hand on top of the other hand and deliver 6 to 10 quick thrusts, in an inward and upward fluid motion. 

Obstructed Airway Management In Infants (Up to 12 Months): 
The following are the procedures for clearing a foreign body in infants up to 12 months of age: 

· Observe the infant’s respiratory effort to determine if the airway is completely blocked. 

· Perform 5 back slaps. 

· Perform 5 chest thrusts. 

· Alternate, performing back slaps and chest thrusts until the obstruction is cleared or the infant becomes unconscious. 

· If the infant becomes unconscious, place them on their back with arms by their sides. Perform a head tilt-chin lift to see if the object is visible. Remove it only if it is visible and an attempt to remove it will not further push the object down the infant’s airway. A blind finger sweep should not be performed on an infant, as the attempt may push the obstruction further into the airway. 

· Open the airway using the head tilt-chin lift. The rescuer should create a seal over the patient’s mouth and nose and attempt to give slow, manual ventilations 1 to 1-1/2 seconds for each breath. If the first attempt is unsuccessful, reposition the head and make a second attempt. 

· Continue the steps to free the object utilizing back slaps and chest thrusts, visually checking for the foreign body, and attempting ventilations until the obstruction is cleared. 

Obstructed Airway Management in Children (More Than 1 Year) 
· Determine if the child is choking by either looking for universal signs of choking (hand to throat) or by asking “Are you choking”, provided the child is of an age they can answer questions. 

· Perform 5 abdominal thrusts. 

· Repeat the abdominal thrusts until the obstruction is cleared or the child becomes unconscious. 

· If the child becomes unconscious, place them on their back with arms by their sides. 

· Perform a head tilt-chin lift and do a visual inspection to see if the object can be cleared. 

· Open the airway using a head tilt-chin lift. The rescuer should create a seal over the patient’s mouth and attempt to give slow, manual ventilations 1-1/2 to 2 seconds for each breath. If the first attempt is unsuccessful, reposition the head and make a second attempt. 

· Continue the steps to free the object utilizing abdominal thrusts, performing a visual inspection in an attempt to clear the foreign body, and attempting ventilations until the obstruction is cleared. 

Patient Found Unconscious 
· Tap or gently shake shoulder and shout, “Are you okay?” 

· Place patient on their back with the arms by their sides. 

· Open the airway utilizing a head tilt-chin lift; maintain open airway and place an ear over the patient’s chest while the chest is observed for movement; look, listen and feel for breathing. 

· Continue with procedures outlined above for the appropriate age group. 

The procedures for clearing an obstruction in infants and children are outlined in the chart below: 

	STATUS
	OBJECTIVE
	ACTIONS

	
	
	CHILD (1-8 YEARS)
	INFANT (UNDER 1 YEAR)

	Conscious Patient
	1.  Assessment;            Determine airway obstruction
	Determine if patient can speak, cough or make any sounds.  For appropriately aged child, ask, “Are you choking?”
	Observe respiratory effort.

	 
	2.  Action to relieve obstruction
	Perform 5 abdominal thrusts (Heimlich maneuver).
	Give up to five back slaps.  Give five chest thrusts at a rate of one per second.

	 
	3.  Be persistent
	Repeat Step 2 until obstruction is cleared or the patient become unconscious.

	Patient who becomes unconscious
	4.  Position patient
	Turn onto back as a unit, supporting head and neck, arms by sides.

	 
	5.  Check for foreign body
	Perform head tilt-chin lift and perform visual inspection.  
	Perform head tilt-chin lift.  Remove foreign object only if it is visualized.

	 
	6.  Give ventilation
	Open airway with head tilt-chin lift.   Attempt slow ventilations.  If first attempt unsuccessful, reposition the head and make another attempt.

	 
	7.  Act to relieve obstruction
	Perform 5 abdominal thrusts (Heimlich maneuver).
	Give up to five back slaps.  Give five chest thrusts at a rate of one per second.

	 
	8.  Check for foreign body
	Perform head tilt-chin lift and perform visual inspection.  
	Perform head tilt-chin lift.  Remove foreign object only if it is visualized.

	 
	9.  Give ventilation
	Open airway with head tilt-chin lift.  Attempt slow ventilations.  

	 
	10.  Be persistent
	Repeat steps 6-8 until obstruction is cleared.

	 
	 
	 

	Unconscious Patient
	1.  Assessment;  Determine unresponsiveness
	Tap or gently shake shoulder.  For appropriately aged child, ask, “Are you okay?”
	Tap or gently shake shoulder.

	 
	2.  Position patient
	Turn onto back as a unit, supporting head and neck, arms by sides.

	 
	3.  Open airway
	Open airway utilizing head tilt-chin lift.
	Open airway utilizing head tilt-chin lift, without hyperextension

	 
	4.  Assessment; determine absence of breathing
	Maintain an open airway.  Place ear over mouth; observe chest; look, listen and feel for breathing.

	 
	5.  Give ventilation
	Seal mouth to mouth with barrier device or bag-valve device.
	Seal mouth to nose/mouth with barrier device.

	 
	 
	Attempt slow ventilations.  If first attempt unsuccessful, reposition the head and make another attempt.

	 
	6.  Act to relieve obstruction
	Perform 5 abdominal thrusts (Heimlich maneuver).
	Give up to five back slaps.  Give five chest thrusts at a rate of one per second.

	 
	7.  Check for foreign body
	Perform head tilt-chin lift and perform visual inspection.  
	Perform head tilt-chin lift.  Remove foreign object only if it is visualized.

	 
	8.  Give ventilation
	Open airway with head tilt-chin lift.  Attempt slow ventilations.  

	 
	9.  Be persistent
	Repeat steps 6-8 until obstruction is cleared.


Respiratory Disease 
Many conditions manifest as respiratory distress in children and it is important for the pre-hospital caregiver to be familiar with specific problems most commonly seen in pediatric patients and childhood disease processes. These conditions include upper airway disease, such as croup, bacterial tracheitis and epiglottitis and lower airway disease, such as asthma, bronchiolitis and pneumonia. 

Most instances of pediatric cardiac arrest are secondary to respiratory insufficiency. For this reason, respiratory emergencies require rapid recognition and management to ensure the most favorable outcome for the patient. Although some of the signs of respiratory distress are the same as those seen in adult patients, there are additional presentations to look for in very young patients, especially those who can not speak for themselves. Signs of pediatric respiratory distress include: 

· Tachypnea 

· Bradypnea 

· Use of accessory muscles 

· Nasal flaring 

· Grunting (especially in infants) 

· Hiccupping (in neonates) 

· Irregular breathing pattern 

· Head bobbing 

· Absent breath sounds 

· Abnormal breath sounds 

· Drooling 

Retractions 
Retractions of the chest are seen in children experiencing moderate to severe respiratory distress and the rescuer must recognize these signs along with other compensatory mechanisms, such as those listed above. 

· Suprasternal retractions are seen above the clavicle and sternum. 

· Intercostal retractions occur between the ribs. 

· Subcostal retractions may be seen below the lower costal margin of the rib cage. 

· Substernal retractions may be seen below the xiphoid process. 

The most useful information about the patient can be gathered before an initial exam has begun. By simply watching the child, much about the disease and proper management can be revealed by recognizing the signs and symptoms of respiratory distress. A parent or guardian can also be a great source of information, especially in children who can not speak for themselves. A parent will usually know whether a child has been ill recently and can shed light on what the problem might be. 

Croup 
Croup is a common cause of infectious upper airway obstruction in young children, usually as a result of an influenza virus. Croup may involve the entire respiratory tract, but the symptoms are caused by inflammation of the subglottic region (at the level of the larynx extending to the cricoid cartilage). 

Croup is seen most often in children from 6 months to 4 years of age and will usually have a recent history of upper respiratory infection and a low-grade fever. The child might experience stridor (an inspiratory, crowing-type sound that is audible without a stethoscope) that worsens at night. Other signs and symptoms of croup include a hoarse voice, a bark-like cough and wheezing, if the lower airway is affected. 

Pre-hospital management of croup includes airway maintenance, administration of cool mist/humidified oxygen or nebulized oxygen. The child should be transported in the most comfortable position with their parent or caregiver if possible, to reduce anxiety. 

Epiglottitis 
Epiglottitis usually occurs in children 3 to 7 years of age, but can occur at any age. The most common cause for this disease is the Haemophilus influenza type B (HIB), but with the introduction of the vaccine in the United States, the instances are greatly reduced. 

The bacterial infection causes swelling of the epiglottis and surrounding structures, such as the pharynx, glottic folds and cricoid cartilage. Epiglottitis usually has a sudden onset (within 6 to 8 hours). Commonly, a seemingly healthy child will go to bed asymptomatic, but awakens with a sore throat. Other signs and symptoms include a fever, a muffled voice (from edema of the mucus covering of the vocal cords), difficulty swallowing and drooling. The drooling, secondary to difficulty in swallowing, is an ominous sign of impending airway compromise. 

Children with epiglottitis are typically found sitting straight up in a “tripod” position and may have their tongue protruding along with inspiratory stridor accompanied by a characteristic “rattling” sound. These children will not usually cry or resist treatment, as all of their attention and energy is being utilized for respiratory effort. Epiglottitis is a true respiratory emergency and the child must be transported as quickly as possible and kept as quiet and comfortable as possible. Pre-hospital treatment is limited to oxygen administration; however more aggressive airway management will be necessary in the event the airway becomes completely blocked. 

Children with acute epiglottitis can rapidly or suddenly progress to complete airway obstruction and respiratory arrest, which is exacerbated by aggravation and anxiety. For this reason, the child suspected of having this disease must be handled gently. The rescuer must also be immediately prepared to intubate these patients if necessary. The following guidelines should be observed in the pre-hospital setting: 

· Do not attempt to lay the child down or to change the position of comfort. 

· Make no attempt to visualize the airway if the patient is conscious. 

· Advise the receiving hospital of the suspicion of epiglottitis so that they can be appropriately prepared for the patient. 

· Administer 100% humidified oxygen by non-rebreather mask. If the patient becomes agitated, utilize a “blow by” method of oxygen administration. 

· Do not attempt to start an IV, as this can cause more anxiety and exacerbate the patient’s already fragile condition. 

· Have appropriately sized airway equipment at hand in case the patient needs to be intubated. 

· Transport the child in the position of comfort with a parent or guardian nearby if possible. 

If the patient progresses to respiratory arrest, they must be intubated immediately. The child should be hyperventilated and preoxygenated prior to intubation. The rescuer should be prepared for a difficult intubation due to the vocal cords being obscured by swollen tissues of the supraglottic tissues. An uncuffed ET tube that is one or two sizes smaller than normal should be used to facilitate passage through the swollen airway. 

In order to locate the airway through the swelling of the surrounding tissues, the rescuer should look for air bubbles. If none can be seen, chest compressions may produce air bubbles so that the tracheal opening can be located. In the event that intubation is impossible, medical direction may recommend the performance of a needle cricothyroidotomy (establishing an external airway through the patient’s throat). 

A note about oxygen administration in children: Many conditions of respiratory distress can be exacerbated in children if their stress level rises. If a young patient is resistant to having a mask or nasal cannula placed on their face, administer the oxygen by “blowing it by” their nose and mouth. 

It is difficult to differentiate between croup and epiglottitis, as the presentations of the diseases are similar. The chart below outlines the comparison between the two: 

	Characteristic
	Epiglottitis
	Croup

	Appearance
	toxic and unwell
	well looking

	Onset
	abrupt onset
	viral prodrome, slower onset

	Fever
	high fever (>38.5oC)
	moderate fever

	Stridor
	usually moderate-severe
	usually mild-moderate

	Cough
	minimal or absent
	barking, seal-like quality

	Speech
	unable to speak
	hoarse voice

	Secretions
	unable to swallow, drooling of saliva
	able to swallow


Bronchiolitis 
Usually occurring in the winter months, bronchiolitis is a condition caused by an infection with a virus, typically seen in children under the age of two. The virus attacks the small breathing tubes (bronchioles) of the lungs and they become blocked. 

Generally, the child first develops symptoms of a cold, such as a runny nose, a cough and fever. Over the next day or so, the coughing worsens and the child will experience tachypnea (rapid respirations) and wheezing. These children may appear as though they have asthma, and may also have difficulty with feeding and sleeping. [image: image3.jpg]Lungs BEFORE an Asihma Attack





Bronchiolitis is generally a benign condition, but can become life-threatening. Pre-hospital treatment is limited to the administration of humidified oxygen, ventilatory support and the administration of albuterol via a nebulizer, but the disease is sometimes resistant to the latter therapy. 

Asthma 
Asthma is a disease caused by the inflammation and constriction of the bronchioles in the lungs. The signs and symptoms that accompany this condition include anxiety, dyspnea, tachypnea and audible expiratory wheezes with a prolonged respiratory phase. The absence of breath sounds upon auscultation is an indication of impending respiratory failure and is a true emergency. Typical “triggers” that will exacerbate the condition include temperature changes, infection, exercise and emotional responses. 

Pre-hospital treatment of asthma includes ventilatory support, administration of humidified oxygen, administration of an anti-bronchospasm medication such as albuterol, metaproterenol or subcutaneous epinephrine and rapid transport to the hospital. Depending upon local protocols and prolonged transport time, medical direction may call for the administration of corticosteroids. 

Albuterol (or other inhaled drugs) may be given by nebulizer or by metered dose inhaler. Both methods are effective, although nebulizers are easier to use in small children. The easiest dosing scheme is to use 0.25 cc or 1.25 mg in children younger than 3 years of age, 0.5 cc or 2.5 mg children 3 to 12 years of age, and 1 cc or 5 mg in those older than 12 years of age. 

The chart below outlines the differences between bronchiolitis and asthma: 

	Clinical Features
	Bronchiolitis
	Asthma

	Occurrence
	Usually < 18 months
	Any age

	Season
	Winter, Spring
	Any time

	Family history
	Usually absent
	Usually present

	Etiology
	Viral
	Allergy, infection, exercise

	Response to drugs
	Some reversal
	Reversal


Bacterial Tracheitis 
Bacterial Tracheitis is an infection of the upper airway and subglottic trachea, which can mimic croup and epiglottitis, and usually occurs after a viral illness. Although this disease can be seen in older children, it is most commonly occurs in younger children (1-5 years). Depending upon the severity, signs and symptoms are those most often seen in respiratory distress or failure and may include the following: 

· Agitation 

· High-grade fever 

· Inspiratory and expiratory stridor 

· Cough that produces mucus or pus 

· Hoarseness 

· Sore throat 

Pre-hospital care is directed at airway and ventilatory support. If the patient progresses to airway obstruction or respiratory arrest, immediate intubation is indicated, along with suctioning of the trachea to clear any mucus or pus. If there is copious amounts of thick secretions, ventilations with a bag-valve-mask may need to be forceful. 

Pneumonia 
Pneumonia is an acute infection of the lower airways and lungs involving the alveolar walls or the alveoli. This condition is often precipitated by bacterial or viral infections and the patient will most likely have a recent history of an airway infection. Depending upon the severity of the condition, the patient may present with the following: 

· Anxiety 

· Decreased breath sounds 

· Rales (wet lung sounds) 

· Rhonchi (localized or diffuse) 

· Pain in the chest 

· Fever 

Pneumonia in children will most often be mild with little need for emergent care, but they can sometimes experience severe respiratory distress. As with any respiratory emergency, the rescuer should offer airway and respiratory support, intubating and suctioning as needed. In severe cases, medical direction may recommend the administration of bronchodilators. 

Summary 
Airway diseases in children are similar to those in adults and airway management is similar. But there are some important anatomic as well as pathophysiologic differences and the implications they have for patient management is crucial to the care of the acutely ill pediatric patient. Keeping a cool head in the high-stress situation of caring for children is critical and probably the most difficult aspect of treating these young patients.

