TOPIC 2. Airway patency impairment. First aid.

Lesson 1
1. Anatomical and physiological features of the respiratory tract. 

2. Definition, causes, types, signs of airway obstruction.
3. Management of airway obstruction. Peculiarities of a foreign body removal from the respiratory tract of a pregnant woman, obese, infants. 

4. Technique of ensuring airway patency (head tilt; jaw thrust; insertion of the nasopharyngeal and oropharyngeal airways). 

5. Techniques of ventilation (mouth to mouth, mouth to nose, mouth to face mask, Bag-Valve ventilation).

6. Acute respiratory disorders in combat. Pneumothorax: types, signs and symptoms, first aid.
Q1. Anatomical and physiological features of the respiratory tract. 

The respiratory system, functionally, can be separated in two zones; conducting zones (nose to bronchioles) form a path for conduction of the inhaled gases and respiratory zone (alveolar duct to alveoli) where the gas exchange takes place.
The airway, or respiratory tract = conducting zone, describes the organs of the respiratory tract that allow airflow during ventilation. They reach from the nares and buccal opening to the blind end of the alveolar sacs. They are subdivided into different regions with various organs and tissues to perform specific functions. The airway can be subdivided into the upper and lower airway, each of which has numerous subdivisions as follows. 

Upper Airway
The pharynx is the mucous membrane-lined portion of the airway between the base of the skull and the esophagus and is subdivided as follows:

· Nasopharynx, also known as the rhino-pharynx, post-nasal space, is the muscular tube from the nares, including the posterior nasal cavity, divide from the oropharynx by the palate and lining the skull base superiorly

· The oro-pharynx connects the naso and hypopharynx. It is the region between the palate and the hyoid bone, anteriorly divided from the oral cavity by the tonsillar arch

· The hypopharynx connects the oropharynx to the esophagus and the larynx, the region of pharynx below the hyoid bone.

The larynx is the portion of the airway between the pharynx and the trachea, contains the organs for the production of speech. Formed of a cartilaginous skeleton of nine cartilages, it includes the important organs of the epiglottis and the vocal folds (vocal cords) which are the opening to the glottis.
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Lower Airway
The trachea is a tubular structure supported by C-shaped rings of hyaline cartilage. The flat open surface of these C rings opposes the esophagus to allow its expansion during swallowing. The trachea bifurcates and therefore terminates, superior to the heart at the level of the sternal angle.

The bronchi, the main bifurcation of the trachea, are similar in structure but have complete circular cartilage rings.

· Main bronchi: There are two supplying ventilation to each lung. The right main bronchus has a larger diameter and is aligned more vertically than the left.
· Lobar bronchi: Two on the left and three on the right supply each of the main lobes of the lung

· Segmental bronchi supply individual bronchopulmonary segments of the lungs.

Bronchioles lack supporting cartilage skeletons and have a diameter of around 1 mm. 

· Conducting bronchioles conduct airflow 

· Terminal bronchioles are the last division of the airway without respiratory surfaces

· Respiratory bronchioles contain occasional alveoli.

Alveolar is the final portion of the airway. 

Structure and Function

Airways allow airflow in ventilation from the external environment to the respiratory surfaces where gas exchange for respiratory processes can occur.
To allow this and to maintain homeostasis and adequate protection from the external environment they must also perform other barrier functions.

· Moisture barrier is the mucous lining of the airway that provides a barrier to prevent loss of excessive moisture during ventilation by increasing the humidity of the air in the upper airway

· Temperature barrier is relative to body temperature as the external environment is nearly always colder, and the increased vasculature and structures such as nasal turbinates warm air as it enters the airways

· A barrier to infection as the airways are lined with a rich lymphatic system including mucosa-associated lymphoid tissue (MALT) that prevents early access to any invading pathogens. Macrophages also patrol the respiratory surfaces providing an important component of the “air-blood barrier."

Clinical Significance

The importance of the upper airway assessment is paramount in emergency scenarios. 
The upper airway assessment can be performed and enhanced by the following assessment tools:

· The Malampati score which describes the visible airway

· The "3, 3, 2" rule in which three estimated measurements of the inter incisor distance

· The hyoid-mental distance, hyoid-thyroid cartilage distance is measured, and if these are shortened, it implies a difficult airway.

The cricoid cartilage is important both as a clinical landmark and also as the only complete cartilage ring within the upper airway used during cricoid pressure maneuvers.

The narrowest portion of the upper airway is the cricoid cartilage in children; therefore, cricothyroidotomy is not recommended in children younger than the age of eight. As children grow and mature, the glottic opening becomes the most narrow point in the airway, and therefore, the most likely point of obstruction and allows bypass by the insertion of a cricothyroidotomy airway.

The trachea is the most anterior structure of the neck except for where the thyroid covers it. This means that it can be accessed to provide an airway in both emergencies (cricothyroidotomy) and elective procedures (tracheotomy).

The trachea should align with the sternal notch. If this alignment deviates, it can indicate a lung or mediastinal pathology.

The right, main bronchus is shorter, wider, and vertically aligned, and this means it is the most common site for aspiration, both in a foreign body aspiration and during the occurrence of an aspiration pneumonitis causing right lower lobe consolidation.

In clinical assessment of the lower airways, through auscultation and by the presence of "wheezing" as turbulent airflow generates a musical noise, airway narrowing through edema or bronchoconstriction can be detected.

Q2. Definition, causes, types, signs of airway obstruction.

Airway obstruction (AO) is a life-threatening condition where there is complete, partial or potential obstruction of the airway at some point between the teeth and bronchiole. The degree of obstruction and the speed of onset will vary depending on the cause.

Causes of AO
There are multiple causes (infectious, inflammatory, traumatic, mechanical, and iatrogenic), for the upper airway obstruction. 
According to subsite we can divide the upper airway obstruction in three groups. The supraglottic, the glottic and the subglottic or tracheal part. 
In the glottic part the main underlying causes are iatrogenic, tumour and foreign body. For the supraglottic part the predominant causes are the presence of croup and the manifestations of angioedema. Finally in the subglottic or trachea part we can consider as underlying causes the presence of tumor, the foreign body and the subglottic stenosis.
Types of airway obstructions

Airway obstructions are classified according to:

1. Level of obstruction

· Upper airway obstruction – the level of obstruction till the larynx of the patient (voice box).

· Lower airway obstruction occur between larynx and the narrow passageways of lungs.
2. Severity of obstruction

· Partial airway obstructions (adequate or inadequate air exchange). Patient can still breathe with a partial airway obstruction, but it’s difficult.

· Complete airway obstructions (absolute AO) don’t allow any air to pass. Patient can’t breathe if you have a complete airway obstruction.

3. The onset

· Acute airway obstructions are blockages that occur quickly. Choking on a foreign object is an example of an acute airway obstruction.

· Chronic airway obstructions occur two ways: by blockages that take a long time to develop or by blockages that last for a long time.

Signs and symptoms:

Of complete AO:
· cough, grabbing throat 
· no sounds will be produced by the victim (no air movement present)
· paleness with upcoming cyanosis (bluishness) 
· agitation 
· if AO’s not removed - unconsciousness
of partial AO:
· cough
· self posturing if the patient is conscious (eg sitting up, leaning forwards)
· sounds can be heard because some air movement is still present (type of the sound depends on type of the foreign body: solid – stridor, liquid – gurgling, etc.)
· use of accessory muscles of respiration – intention of neck muscles. 
· cyanosis while breathing room air is a late sign of partial upper airway obstruction 
Potential Obstruction
· normal air movement 
· none of the above features 
· swollen face, swollen tongue, sore throat, external neck trauma, circumferential neck burns, sooty sputum, burnt mouth / tongue / nasal hairs, history of fire or explosion in an enclosed space. 
Q3. Management of AO. 

It is important to recognize and be able to assist someone with an airway obstruction due to a foreign body.

An individual in distress from a compromised airway is likely to use the universal sign for an airway obstruction, which is for the individual to grab his or her neck with both hands. 

With a partial airway obstruction, air exchange may be adequate or inadequate. 

If the victim is able to speak, cough, and exchange air, then he or she should be encouraged to continue spontaneous efforts. Obtain assistance, such as activation of the local EMS system. 
Do not interfere with the patient’s attempts to cough or expel the foreign body and do not perform a blind finger sweep. If air exchange becomes inadequate, as indicated by an inability to speak, increased difficulty breathing, weak and ineffective cough, worsening stridor, or cyanosis, immediate medical intervention is needed.

Inadequate air exchange from a severe partial or a complete airway obstruction should be managed the same way. In an unconscious person, the presence of airway obstruction may be ascertained by noting inadequate airflow and poor chest rise with efforts to ventilate. 
Maneuvers used to relieve foreign body obstructions include the Heimlich maneuver (subdiaphragmatic abdominal thrusts), chest thrusts, and the finger sweep. 

In a conscious individual, the obstructed airway (Heimlich) maneuver is the recommended maneuver in most adults for relieving airway obstruction due to a solid object. It is not useful for liquids. 

In an unconscious individual suspected of having an aspirated foreign body and in whom the foreign body is visualized, the recommended first step is the finger sweep. A blind finger sweep is no longer recommended as it may worsen airway obstruction by pushing an unseen object into an even less favorable position. Otherwise, in an unconscious patient, the recommended sequence is to perform the Heimlich maneuver up to five times, open the mouth and perform a finger sweep if a foreign body has become visible, and then attempt to ventilate. This sequence may be repeated as often as needed until the patient recovers or additional assistance arrives. 
The American Red Cross recommends a "five-and-five" approach to delivering first aid in case FBAO:

· Give 5 back blows. Stand to the side and just behind a choking adult. For a child, kneel down behind. Place one arm across the person's chest for support. Bend the person over at the waist so that the upper body is parallel with the ground. Deliver five separate back blows between the person's shoulder blades with the heel of your hand.

· Give 5 abdominal thrusts. Perform five abdominal thrusts (Heimlich maneuver).

· Alternate between 5 blows and 5 thrusts until the blockage is dislodged.
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Heimlich maneuver (abdominal thrusts).
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The Heimlich maneuver is an emergency procedure for removing a foreign object lodged in the airway that is preventing a person from breathing.

The Heimlich maneuver creates an artificial cough by forcefully elevating the diaphragm and forcing air from the lungs. 

It may be repeated 5 times per step. The maneuver can be repeated several times until the positive or negative result has been achieved. 
Each individual thrust should be performed aggressively, with the intention of removing the obstruction. The maneuver can be performed with the victim standing, sitting, or lying down, or it can be self-administered. 

To perform the maneuver with the patient standing or sitting, stand behind the patient and place the thumb side of a fist against the victim’s abdomen midline just above the umbilicus and well below the xiphoid process. Grasp the fist with the other hand, and forcefully push the fist into the victim’s abdomen with a quick upward thrust. 
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Repeat until the item is dislodged or the patient becomes unconscious. 
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For an unconscious patient, place the victim supine on a firm surface and sit astride the victim’s thighs. Place the heel of the dominant hand midline just above the patient’s umbilicus, and the other hand directly on top of the first. Then deliver quick upward thrusts. 
To self-administer thrusts, the individual can either use his or her own fist to deliver the thrusts or lean forcibly against a firm object, such as a porch rail or the back of a chair. 
Potential complications of the Heimlich maneuver include injury or rupture of abdominal or thoracic viscera and regurgitation of stomach contents. � 

Finger sweep maneuver.
The finger sweep maneuver is used only in unconscious patients. 
Using the thumb and fingers of one hand, grasp both the tongue and the mandible and lift them. This may partially relieve the obstruction by lifting the tongue away from the back of the throat. 
With the other hand, insert the index finger into the back of the throat, and use a hooking action in an attempt to dislodge the foreign body to move it into the mouth for manual removal. 
Use care so the foreign object is not pushed deeper into the throat.

Airway obstruction management: Special circumstances.
Chest thrust: obese, late pregnancy.

The chest thrust maneuver is used primarily if someone is morbidly obese or in the late stages of pregnancy and the rescuer cannot reach around the patient’s abdomen to perform abdominal thrusts  

To perform chest thrusts with the patient standing or sitting, stand behind the patient and place the thumb side of a fist against the victim’s sternum, avoiding the costal margins and the xiphoid process. Grasp the fist with the other hand, and press the fist into the victim’s chest with a quick backward thrust. Repeat until the item is dislodged or the patient becomes unconscious. 
For an unconscious patient, place the victim supine on a firm surface and kneel close to the victim’s side. Place the hands in the same position as for chest compression (i.e., the lower sternum), and deliver quick thrusts. � 
Children and infants.

Children, particularly those aged from 1 to 5, often put objects in their mouth. This is a normal part of how they explore the world.

Some small objects, such as marbles, beads and button batteries, are just the right size to get stuck in a child's airway and cause choking.

If a child suddenly starts coughing, isn't ill and doesn’t have a habit of putting small objects in their mouth, there's a good chance that they're choking.

Tips on helping a choking child

· If you can see the object, try to remove it. Don't poke blindly or repeatedly with your fingers. You could make things worse by pushing the object further in and making it harder to remove.

· If a child's coughing loudly, encourage them to carry on coughing to bring up what they're choking on and don't leave them.

· If a child's coughing isn't effective (it's silent or they can't breathe in properly), shout for help immediately and decide whether they're still conscious.

· If a child's still conscious, but they're either not coughing or their coughing isn't effective, use back blows.
Back blows for babies under 1 year
· Sit down and lay a baby face down along your thighs, supporting their head with your hand.

· Give up to 5 sharp back blows with the heel of 1 hand in the middle of the back between the shoulder blades.
Back blows for children over 1 year
· Lay a small child face down on your lap as you would a baby.

· If this isn't possible, support a child in a forward-leaning position and give 5 back blows from behind.

If back blows don't relieve the choking and baby or child is still conscious, give chest thrusts to infants under 1 year or abdominal thrusts to children over 1 year.

This will create an artificial cough, increasing pressure in the chest and helping to dislodge the object.
Chest thrusts for children under 1 year
· Lay baby face up along the length of your thighs.

· Find the breastbone and place 2 fingers in the middle.

· Give 5 sharp chest thrusts (pushes), compressing the chest by about a third.

https://www.nhs.uk 
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If airway obstruction management has been unsuccessful, proceed with CPR and further airway management. 
Q4. Assessment of the airway patency of the victim. Technique of ensuring airway patency (head tilt; jaw thrust; insertion of the nasopharyngeal and oropharyngeal airways). 
Assessment of the upper airway of the victim usually requires positioning the individual supine on a flat, firm surface with the arms along the sides of the body. 

Unless trauma can be definitely excluded, any movement of the victim should consider the possibility of a spine injury. 

As the patient is placed supine, stabilize the cervical spine by maintaining the head, neck, and trunk in a straight line. If the neck is not already straight, then it should be moved as little as possible to establish the airway. If the patient cannot be placed supine, the jaw thrust maneuver can be applied with the rescuer at the victim’s side. 

[image: image4.jpg]


 [image: image5.jpg]


 
[image: image10.jpg]


Common causes of airway obstruction in an unconscious patient are occlusion of the oropharynx by the tongue and laxity of the epiglottis. With loss of muscle tone, the tongue or the epiglottis can be forced back into the oropharynx upon inspiration. This can create the effect of a one-way valve at the entrance to the trachea, leading to airway obstruction. 
After positioning the patient, inspect the mouth and oropharynx for secretions, foreign objects, loose (floppy) dentures, partial dentures, or broken teeth. If dentures fit properly, keep them in place if possible, as they will allow for a better seal. If secretions are present, they can be removed with the use of oropharyngeal suction if available; a visualized foreign body may be dislodged by use of a finger sweep and then manually removed. In contrast to earlier recommendations, a blind finger sweep should never be performed as there is a risk of worsening airway obstruction.

 Once the oropharynx has been cleared, two basic maneuvers for opening the airway may be tried. These are the head tilt–chin lift and the jaw thrust. 

These maneuvers help to open the airway by mechanically displacing the mandible and the attached tongue out of the oropharynx. 

Head Tilt–Chin Lift Maneuver 
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To perform the head tilt–chin lift maneuver, gently extend the patient’s neck by placing one hand under the patient’s neck and the other on the forehead and extending the head in relation to the neck. 

This maneuver should place the patient’s head in the sniffing position, with the nose pointing up. In conjunction with the head tilt, perform the chin lift. 

The chin lift is done by carefully placing the hand that had been supporting the neck for the head tilt under the symphysis of the mandible, taking care not to compress the soft tissues of the submental triangle and the base of the tongue. Then lift the mandible forward and up, until the teeth barely touch. This supports the jaw and helps tilt the head back.

Jaw Thrust Maneuver 
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The jaw thrust is the safest method for opening the airway if there is the possibility of cervical spine injury. 

This maneuver helps to maintain the cervical spine in a neutral position. The rescuer, who is positioned at the head of the patient, places the hands at the sides of the victim’s face, grasps the mandible at its angle, and lifts the mandible forward. This lifts the jaw and opens the airway with minimal head movement.
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After opening the airway, assess respiratory effort and air movement. 

Look for chest expansion, and listen and feel for airflow along 10 seconds. Two breaths should be detected during this period.

After opening the airway there is a necessity to ensure it for further artificial ventilation. But it requires the proper equipment to protect airways and carry out AVL. 

Having key equipment is a fundamental requirement for optimal airway management. 

Oropharyngeal (Oral) Airway 
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An oropharyngeal or oral airway is a curved, rigid instrument used to prevent the base of the tongue from occluding the hypopharynx. Use only in a comatose or deeply obtunded patient without a gag reflex. 

Properly sized oral airways should reach from the corner of the mouth to the earlobe. Place an oral airway with the concave portion of the airway cephalad and rotate 180 degrees after passing the tongue. Alternatively, orient the concaved portion horizontal and rotate 90 degrees, following the curvature of the tongue, after insertion. 

Nasopharyngeal (Nasal) Airway 
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A nasopharyngeal or nasal airway is pliable and inserted into the nostril, displacing the soft palate and posterior tongue. Nasal airways are helpful in patients with an intact gag reflex absent any midface trauma. 

Properly sized nasal airways reach from the nostril till the earlobe (or from the pick of the nose till the tragus). 

After lubrication, insert the nasopharyngeal airway in the most patent nostril and horizontal to the palate with the bevel oriented toward the nasal septum; insert parallel to the nasal floor, not pointing cephalad. 

Bag-valve mask
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Bag-valve masks contain a self-inflating insufflation device coupled with a facemask and a valve to prevent re-inhalation of exhaled air. Although typically used with supplemental oxygen, the bag-valve mask can aid even when used with room air. Most bag-valve mask systems deliver approximately 75% oxygen with optimal use. A demand valve attached to the reservoir port of the ventilation bag may help to deliver a higher concentration of oxygen. 
Adequate oxygenation and ventilation with a bag-valve mask requires upper airway patency and a good facemask seal, which may be difficult in patients with facial trauma, facial hair, or anatomic anomalies or in those who are edentulous. 
Q5 Techniques of ventilation (mouth to mouth, mouth to nose, mouth to face mask, Bag-Valve ventilation).

The simple act of opening the airway may be adequate for the return of spontaneous respirations. However, if the victim remains without adequate respiratory effort, then further intervention is required. If rescuers are reluctant to perform mouth-to-mouth ventilation and the patient is in cardiac arrest, chest compressions alone can be effective. 

Two breaths over 1 second each should be given with sufficient volume to cause visible chest rise. At this point, if a foreign body obstruction is noted, as indicated by a lack of chest rise or airflow on ventilation, the obstruction requires removal.

 Agonal respirations in an individual who has just suffered a cardiac arrest are not considered adequate for ventilation. Intermittent positive-pressure ventilation, with oxygen-enriched air if possible, should be initiated. 

There are a number of techniques for ventilating an individual, including mouth to mouth, mouth to nose, and mouth to mask. 

Rescue breaths with an inspiratory time of 1 second each should be given at a rate of 8 to 10 per minute, with a volume adequate to make the chest rise visibly. Supplemental oxygen should be delivered as soon as possible. Expired air has a fraction of expired oxygen of 16% to 17%. Too large a volume or too rapid an inspiratory flow rate can cause gastric distention, which can lead to regurgitation and aspiration. 

Mouth-to-Mouth Ventilation 

With the airway open, gently pinch the patient’s nose shut with the thumb and index finger. This prevents air escape. After taking a deep breath, place the lips around the patient’s mouth, forming an airtight seal. Slowly exhale. Release the seal and allow adequate time for passive exhalation by the victim, and then repeat the procedure. 
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Protective devices such as face shields decrease the risks to the provider of contracting an infectious disease and can be purchased from most medical equipment stores. 

Mouth-to-Nose Ventilation 

In some cases, as with severe maxillofacial trauma, mouth-to-nose ventilation may be effective. 

With the airway open, lift the patient’s jaw, closing the patient’s mouth. After a deep breath, place the lips around the patient’s nose, forming an airtight seal. Slowly exhale. 
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Mouth-to-Mask Ventilation 

Proper and secure placement of the mask on a victim’s face is important when using a mask for ventilation, either with a bag or via mouth to mask. Place the mask over the bridge of the patient’s nose and around the mouth. Place the thumb on the part of the mask that is sitting on the patient’s nose and place the index finger of the same hand on the part of the mask sitting on the patient’s chin. The three other fingers of the same hand are then placed along the bony margin of the jaw. The mask can then be firmly sealed to the patient’s face. Two hands may be used for this technique if a second rescuer is available. Ventilations are then performed through the mask. Some masks also allow for supplemental oxygenation.

Bag-valve-mask ventilation can be done using one- or two-person techniques. Two-person techniques deliver greater tidal volumes than one-person techniques and are preferred. With the one-person approach, the rescuer uses one hand to grasp and seal the mask and the other hand to squeeze the bag-valve-mask reservoir bag. A common mask-sealing technique is to grasp the mask with the thumb and index finger in a “C” shape while placing the third, fourth, and fifth digits in an “E” shape to lift the mandible. 
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During mask ventilation, be careful to keep the fingers on the mandible, not compressing the soft tissue beneath (and hence compressing the airway). In the two-operator approach, one rescuer seals the facemask using both hands, while the other squeezes the reservoir bag. The rescuer sealing the mask may use the same “E-C” approach, but with both hands applied to the mask. In an alternate modified two-handed technique, the practitioner places the thenar eminence and thumb of each hand on the mask while the remaining digits grasp the mandible. Both two-handed techniques provide similar tidal volumes. 

Q.6 Acute respiratory disorders in combat. Pneumothorax: types, signs and symptoms, first aid.

Combat-related thoracic trauma is a significant contributor to morbidity and mortality of the casualties. Penetrating, blunt, and blast injuries are the most common mechanisms of trauma. Pneumothorax and pulmonary contusions in combat are the most common thoracic injuries reported. Flail chest, thoracic vascular injury, and pulmonary lacerations are associated with the highest mortality. 
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Pneumothorax is defined as the presence of air or gas in the pleural cavity (ie, the potential space between the visceral and parietal pleura of the lung). The clinical results are dependent on the degree of collapse of the lung on the affected side. Pneumothorax can impair oxygenation and/or ventilation. If the pneumothorax is significant, it can cause a shift of the mediastinum and compromise hemodynamic stability. Air can enter the intrapleural space through a communication from the chest wall (ie, trauma) or through the lung parenchyma across the visceral pleura.

Anatomy 
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The inner surface of the thoracic cage (parietal pleura) is contiguous with the outer surface of the lung (visceral pleura); this space contains a small amount of lubricating fluid and is normally under negative pressure compared to the alveoli. Determinants of pleural pressure are the opposing recoil forces of the lung and chest wall.

Types of pneumothoraces: 
1. Due to cause:

· Traumatic

· Non-traumatic

2. Due to mechanism:

· Open

· Closed

· Tension

In combat, traumatic, open and tension pneumothoraces are the most common types.

Traumatic pneumothorax results from blunt trauma or penetrating trauma that disrupts the parietal or visceral pleura. 

Causes of traumatic pneumothorax include the following:

· Trauma - Penetrating and nonpenetrating injury 

· Rib fracture 

· High-risk occupation (eg, diving, flying) 

Traumatic pneumothoraces often can create a one-way valve in the pleural space (only letting in air without escape) and can lead to a tension pneumothorax.

A tension pneumothorax is a life-threatening condition that develops when air is trapped in the pleural cavity under positive pressure, displacing mediastinal structures and compromising cardiopulmonary function. Prompt recognition of this condition is life saving. Immediate decompression of the thorax is mandatory when tension pneumothorax is suspected. This should not be delayed for radiographic confirmation. 

Pathophysiology of tension pneumothorax
Tension pneumothorax occurs anytime a disruption involves the visceral pleura, parietal pleura, or the tracheobronchial tree. This condition develops when injured tissue forms a one-way valve, allowing air inflow with inhalation into the pleural space and prohibiting air outflow. The volume of this nonabsorbable intrapleural air increases with each inspiration because of the one-way valve effect. As a result, pressure rises within the affected hemithorax. 
As the pressure increases, the ipsilateral lung collapses and causes hypoxia. Further pressure increases cause the mediastinum to shift toward the contralateral side and impinge on and compress both the contralateral lung and impair the venous return to the right atrium. Hypoxia results as the collapsed lung on the affected side and the compressed lung on the contralateral side compromise effective gas exchange. This hypoxia and decreased venous return caused by compression of the relatively thin walls of the atria impair cardiac function. Kinking of the inferior vena cava is thought to be the initial event restricting blood to the heart. It is most evident in trauma patients who are hypovolemic with reduced venous blood return to the heart.

Arising from numerous causes, this condition rapidly progresses to respiratory insufficiency, cardiovascular collapse, and, ultimately, death if unrecognized and untreated.
Signs and symptoms of tension pneumothorax 

Tension pneumothorax is classically characterized by hypotension and hypoxia. On examination, breath sounds are absent on the affected hemithorax and the trachea deviates away from the affected side. The thorax may also be hyperresonant (tympanic sound on percussion of the affected side of the chest); jugular venous distention and tachycardia may be present.
Symptoms of tension pneumothorax may include chest pain (90%), dyspnea – shortness of breath, difficulty breathing, fast superficial breathing (80%); anxiety, fatigue, or acute epigastric pain (a rare finding).

Tracheal deviation is an inconsistent finding. Although historic emphasis has been placed on tracheal deviation in the setting of tension pneumothorax, tracheal deviation is a relatively late finding caused by midline shift.

Abdominal distention may occur from increased pressure in the thoracic cavity producing caudal deviation of the diaphragm and from secondary pneumoperitoneum produced as air dissects across the diaphragm through the pores of Kohn.

When assessing the trauma patient, be aware that clinical presentations of tension pneumothorax and cardiac tamponade may be similar.

Tension pneumothorax management. Prehospital Care

Assess the ABCs (airway, breathing, circulation), and evaluate the possibility of a tension pneumothorax. Assess the vital signs, and perform pulse oximetry. A tension pneumothorax is almost always associated with hypotension. It is a life-threatening condition and requires immediate action (eg, needle decompression or chest tube insertion). 

How to perform a needle decompression for a tension pneumothorax

A needle decompression should only be performed if the patient has a tension pneumothorax. When inserting the needle, it should be inserted at a 90-degree angle to the chest wall. This is a critical point as this will position the needle straight into the pleural space. If any other angle is used, there may be a chance of hitting other structures in the area such as major blood vessels or even the heart. 
The following are steps to perform a chest decompression.
1. Ensure patient is oxygenated if possible

2. Select proper site; affected side at the second intercostal space and along the mid-clavicular line. 
3. Clean site with alcohol solution

4. Prepare needle
5. Insert the needle into the second intercostal space at a 90-degree angle to the chest, just over the third rib. Note: There are blood vessels running along the bottom of the ribs. Ensure the needle is closer to the top margin of the lower rib in the intercostal space. This will prevent these vessels from being damaged
6. Listen for a rush of exiting air from the needle

7. Remove the needle and leave the catheter in place, properly disposing of the needle

8. Secure the catheter in place with tape. Some suggest covering the end of the catheter, but this will depend on the situation

9. Ensure the tension has been relieved and the patient's condition improves. If there is no improvement, the procedure will need to be repeated with another needle placed adjacent to the first needle

10. Monitor, then reassess the patient
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Failure of the emergency medical service personnel (EMS) and medical control physician to make a correct diagnosis of tension pneumothorax and to promptly perform needle decompression in the prehospital setting can result in rapid clinical deterioration and cardiac arrest. Most paramedics are trained and protocolized to perform needle decompression for immediate relief of a tension pneumothorax.

However, if an incorrect diagnosis of tension pneumothorax is made in the prehospital setting, the patient's life may be endangered by unnecessary invasive procedures. Close cooperation and accurate communication between the ED and the EMS personnel is of paramount importance.

To prevent reentry of air into the pleural cavity after needle thoracostomy and decompression in the prehospital setting, a one-way valve should be attached to the distal end of the catheter. If available, a Heimlich valve may be used. If a commercially prepared valve is not available, attach a finger condom or the finger of a rubber glove with its tip removed to serve as a makeshift one-way valve device.

Clothing covering a wound that communicates with the chest cavity can play a role in producing a one-way valve effect, allowing air to enter the pleural cavity but hindering its exit. Removing such clothing items from the wound may facilitate decompression of a tension pneumothorax.

