THE AIRWAY 

The larynx lies at C4/C5 in adults and at C3/C4 in pediatric age group. In children the cricoid  ring is the narrowest part as compared to glottic opening is the narrowest part in adults. The epiglottis is crescent shaped in adults and is long and omega shaped in children. 

Oxygen Therapy

Aim: to prevent or at least minimize tissue hypoxia. 

Indication: 

1. When oxygen tension is less than 60 mmHg in a healthy patient. If patient has chronic lung disease may accept a lower oxygen tension before treatment. 

2. Post operatively supplemental oxygen may be given if SaO2<92% especially if anemic, hypotensive, septic 

3. Delivery of medication (e.g. nebulized salbutamol) 

4. Treatment of carbon monoxide poisoning 

Hypoxemia: Causes of tissue hypoxia: 

Low inspired oxygen tension 

Hypoventilation 

Poor matching of ventilated areas of lung with those areas being perfused 

Impaired blood flow to tissues: Low cardiac output 

                                      Hypotension 

                                    Arterial occlusion 

Impaired oxygen carrying capacity:

                          Low hemoglobin concentration 

Abnormal hemoglobin (e.g. sickle cell) 

Poisoned hemoglobin (methemoglobin, carboxyhemoglobin) 

Impaired oxygen utilization by tissues: cyanide poisoning 

Excess oxygen utilization: Thyrotoxicosis 

                                            Malignant hyperthermia 

Delivery systems: 

Nasal cannulae – inspired oxygen concentration is dependent on the oxygen flow rate, the nasopharyngeal volume and the patient’s inspiratory flow rate. The nasopharynx acts as an oxygen reservoir between breaths. With each inspiratory breath oxygen is taken from this storage but also entrained directly. Increases inspired oxygen concentration by 3-4%. Oxygen flow rates greater than 3 liters are poorly tolerated by patients due to drying and crusting of the nasal mucosa. Face masks : Three types of facemask are available; open, Venturi, non-rebreathing. 

Open facemasks : 

 Are the most simple of the designs available. They do not provide good control over the oxygen concentration being delivered to the patient causing variability in oxygen treatment. A 6l/min flow rate is the minimum necessary to prevent the possibility of rebreathing. Maximum inspired oxygen concentration ~ 50-60%. 

Venturi facemasks 
Are so named since they rely on entraining room air with the oxygen flow. This ensures both a high flow rate (greater than the patients inspiratory flow rate) and a guaranteed oxygen concentration. They should be used in patients with COPD/emphysema where accurate oxygen therapy is needed. Arterial blood gases can then be drawn so correlation between oxygen therapy for hypoxemia and potential risk of CO2 retention can be made. Masks are available for delivering 24%, 28%, 35%, 40%, 50%. 

Non-rebreathing facemasks have an attached reservoir bag and one-way valves on the sides of the facemask. The reservoir bag is of sufficient volume to meet the inspiratory flow rate of the patient and the one way valves prevent entrainment of room air. With flow rates of 10 liters an oxygen concentration of 95% can be achieved. These masks provide the highest inspired oxygen concentration for non-intubated patients. 

Ambu-bags – 
Used in resuscitations away from the OR setting these can deliver a maximum of 50% with no reservoir bag attached but 100% if an oxygen reservoir is attached. 

Hazards of oxygen therapy –

Oxygen therapy can have both respiratory and non-respiratory complications. These are usually related to prolonged treatment at high concentrations and include: 

· Absorption atelectasis – Alveoli that contain 100% oxygen and have good blood flow going by can have all their oxygen taken up causing collapse of the alveolus. Just adding a small amount of nitrogen to the inspiratory mix can prevent this collapse by splinting the alveolus open since nitrogen is relatively insoluble and so very slowly absorbed across the alveolar membrane. 

· Hypoventilation – Occurs in COPD patients who rely on their hypoxic drive for respiration. High inspiratory oxygen concentrations will correct this hypoxia but at the same time remove the respiratory drive. These patients begin to hypoventilate and can develop critical CO2 retention. If giving oxygen to these patients start at a low concentration and monitor therapy with regular arterial blood gas sampling. 

· Pulmonary toxicity – Prolonged high concentrations of oxygen result in the production of free radicals which are cytotoxic to cellular DNA, proteins and lipids. The resulting injury gives a clinical picture similar to ARDS ( adult respiratory distress syndrome). The same toxicity results in bronchopulmonary dysplasia in newborn/premature babies. 
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OROTRACHEAL INTUBATION 

Indications for Intubation - the 5 P's:

❏Patency of airway required

• Decreased level of consciousness (LOC)

• Facial injuries

• Epiglottises’

• Laryngeal edema, e.g. burns, anaphylaxis

❏ Protect the lungs from aspiration

• Absent protective reflexes, e.g. coma, cardiac arrest

❏ Positive pressure ventilation

• Hypoventilation – many etiologies

• Apnea, e.g. during general anesthesia

• During use of muscle relaxants

❏ Pulmonary Toilet (suction of tracheobronchial tree)

• For patients unable to clear secretions

❏ Pharmacology also provides route of administration for some drugs

Equipment Required for Intubation

❏ Bag and mask apparatus (e.g. Laerdal/Ambu) to deliver O2 and to manually ventilate if necessary mask sizes/shapes appropriate for patient facial type, age

❏ Pharyngeal airways (nasal and oral types available) to open airway before intubation,  oropharyngeal airway prevents patient biting on tube

❏ Laryngoscope

• Used to visualize vocal cords

• MacIntosh = curved blade (best for adults)

• Magill/Miller = straight blade (best for children)

❏ Trachelight - an option for difficult airways

❏ Fiberoptic scope - for difficult, complicated intubations

❏ Endotracheal tube (ETT): many different types for different indications

• Inflatable cuff at tracheal end to provide seal which permits positive pressure ventilation and

prevents aspiration

• No cuff on pediatric ETT (physiological seal at level of cricoid cartilage)

• Sizes marked according to internal diameter; proper size for adult ETT based on assessment of patient

• Adult female: 7.0 to 8.0 mm

• Adult male: 8.0 to 9.0 mm

• Child (age in years/4) + 4 or size of child's little finger = approximate ETT size

• If nasotracheal intubation, ETT 1-2 mm smaller and 5-10 cm longer

• Should always have ETT smaller than predicted size available in case estimate was inaccurate

❏ Malleable stylet should be available; it is inserted in ETT to change angle of tip of ETT, and to facilitate the tip entering the larynx; removed after ETT passes through cords

❏ Lubricant and local anaesthetic are optional

❏ Magill forceps used to manipulate ETT tip during nasotracheal intubation

❏ Suction, with pharyngeal rigid suction tip (Yankauer) and tracheal suction catheter

❏ Syringe to inflate cuff (10 ml)
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❏Stethoscope to verify placement of ETT

❏ Detector of expired CO2 to verify placement         

❏ Tape to secure ETT and close eyelids

Remember “SOLES”

Suction

Oxygen

Laryngoscope

ETT

Stylet, Syringe

Preparing for Intubation

❏ Failed attempts at intubation can make further attempts difficult due to tissue trauma

❏ plan and prepare (anticipate problems!) assess for potential difficulties (see Preoperative Assessment section)

❏ ensure equipment (as above) is available and working e.g. test ETT cuff, and means to deliver positive pressure ventilation e.g. Ventilator, Ambu bag, light on laryngoscope

❏ Pre-oxygenation of patient

❏ May need to suction mouth and pharynx first

Proper Positioning for Intubation

❏ FLEXION of lower C-spine and EXTENSION of upper C-spine at atlanto-occipital joint (“sniffing position”)

❏ "sniffing position" provides a straight line of vision from the oral cavity to the glottis (axes of mouth, pharynx and larynx are aligned)

❏ Above CONTRAINDICATED in known/suspected C-spine fracture

❏ Once prepared for intubation, the normal sequence of induction can vary either:

  Rapid Sequence Induction

   ❏ Indicated in all situations predisposing the patient to regurgitation/aspiration

• Acute abdomen

• Bowel obstruction

• Emergency operations, trauma

• Hiatus hernia with reflux

• Obesity

• Pregnancy

• Recent meal (< 6 hours)

• Gastro esophageal reflux disease (GERD)

❏ Procedure as follows

• Patient breathes 100% O2 for 3-5 minutes prior to induction of anesthesia (e.g. thiopental and succinylcholine..l)

❏ Perform "Sellick's manoeuvre (pressure on cricoid cartilage) to compress esophagus, thereby preventing gastric reflux and aspiration

• Induction agent is quickly followed by muscle relaxant

(e.g. succinylcholine), causing fasciculations then relaxation

•Intubate at time determined by clinical judgement - may use end of fasciculations if no defasciculating neuromuscular junction (NMJ) Blockers have been given

• Must use cuffed ETT to prevent gastric content aspiration

• Inflate cuff, verify correct placement of ETT, release of cricoid cartilage pressure

• Manual ventilation is not performed until the ETT is in place and cuff up (to prevent gastric distension)

Confirmation of Tracheal Placement of ETT

❏ Direct visualization of tube placement through cords

• CO2 in exhaled gas as measured by capnograph

• Visualization of ETT in trachea if bronchoscope used

❏ Indirect (no one indirect method is sufficient)

• Auscultation axilla for equal breath sounds bilaterally (transmitted sounds may be heard if lung fields are auscultated) and absence of breath sounds over epigastrium

• Chest movement and no abdominal distension

• Feel the normal compliance of lungs when bagging patient

• Condensation of water vapor in tube during exhalation

• Refilling of reservoir bag during exhalation

• AP CXR: ETT tip at midpoint of thoracic inlet and carina

❏ Esophageal intubation is suspected when

• Capnograph shows end tidal CO2 zero or near zero

• Abnormal sounds during assisted ventilation

• Impairment of chest excursion

• Hypoxia/cyanosis

• Presence of gastric contents in ETT

• Distention of stomach/epigastrium with ventilation

Complications during Laryngoscopy and Intubation

❏ Mechanical

• Dental damage (i.e. chipped teeth)

• Laceration (lips, gums, tongue, pharynx, esophagus)

• Laryngeal trauma

• Esophageal or endobronchial intubation

❏ Systemic

• Activation of sympathetic nervous system (hypertension (HTN), tachycardia, dysrhythmias) since tube touching the cords is stressful

• Bronchospasm

Problems with ETT and Cuff

❏ Too long - endobronchial intubation

❏ Too short - accidental extubation

❏ Too large - trauma to surrounding tissues

❏ Too narrow - increased airway resistance

❏Too soft - kinks

❏ Too hard - tissue damage

❏ Prolonged placement - vocal cord granulomas, tracheal stenosis

❏ Poor curvature - difficult to intubate

❏ Cuff insufficiently inflated - allows leaking and aspiration

❏ Cuff excessively inflated - pressure necrosis

Medical Conditions associated with Difficult Intubation

❏ Arthritis - decreased neck range of motion (ROM) (e.g. rheumatoid arthritis (RA) - risk of atlantoaxial subluxation)

❏ Obesity - increased risk of upper airway obstruction

❏ Pregnancy - increased risk of bleeding due to edematous airway, increased risk of aspiration due to decreased gastroesophageal sphincter tone

❏ Tumors - may obstruct airway or cause extrinsic compression or tracheal deviation

❏ Infections (oral)

❏ Trauma - increased risk of cervical spine injuries, basilar skull and facial bone fractures, and intracranial injuries

❏ Burns

❏ Down ’s syndrome (DS) - may have atlantoaxial instability and macroglossia

❏ Scleroderma - thickened, tight skin around mouth

❏ Acromegaly - overgrowth and enlargement of the tongue, epiglottis, and vocal cords

❏ Dwarfism - associated with atlantoaxial instability

❏ Congenital anomalies

Predictors of Difficult Airway

Short muscular neck

Prominent upper incisors

Protruding mandible

Receding mandible

Small mouth opening

Full beard

Large tongue

Limited neck mobility

Limited mouth opening due to TMJ

EXTUBATION

❏ General guidelines:

· check that neuromuscular function and hemodynamic status is normal

· check that patient is breathing spontaneously with adequate rate and tidal volume

· allow patient to breathe 100% O2 for 3-5 minutes

· suction secretions from pharynx

· deflate cuff, remove ETT on inspiration (vocal cords abducted)

· ensure patient breathing adequately after extubation

· ensure face mask for O2 delivery available

· proper positioning of patient during transfer to recovery room, e.g. sniffing position, side lying.

❏Complications Discovered at Extubation

❏ Early

             • Aspiration

             • Laryngospasm

❏ Late

          • Transient vocal cord incompetence

          • Edema (glottic, subglottic)

          • Pharyngitis, tracheitis

          • Damaged neuromuscular pathway (central and peripheral nervous system and respiratory muscular function), therefore no spontaneous ventilation occurs post extubation

LMAs (Laryngeal Mask Airway)

Is a reusable airway management device that can be used as an alternative to both mask ventilation and endotracheal intubation in appropriate patients. The LMA also plays an important role in management of the difficult airway. When inserted appropriately, the LMA lies with its tip resting over the upper esophageal sphincter, cuff sides lying over the pyriform fossae, and cuff upper border resting against the base of the tongue. Such positioning allows for effective ventilation with minimal inflation of the stomach.

Indications
· As an alternative to mask ventilation or endotracheal intubation for airway management. The LMA is not a replacement for endotracheal intubation when endotracheal intubation is indicated.

· In the management of a known or unexpected difficult airway.

· In airway management during the resuscitation of an unconscious patient.

Contraindications
· Patients at risk of aspiration of gastric contents (emergency use is an exception).

· Patients with decreased respiratory system compliance, because the low-pressure seal of the LMA cuff will leak at high inspiratory pressures and gastric insufflation may occur. Peak inspiratory pressures should be maintained at less than 20 cm H2O to minimize cuff leaks and gastric insufflation.
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Patients in whom long-term mechanical ventilatory support is anticipated or required.

· Patients with intact upper airway reflexes, because insertion can precipitate laryngospasm.

	Patient Age/Size
	LMA Size
	Cuff Volume
	ETT Size (ID)

	Neonates/infants to 5 kg
	1
	Up to 4 mL
	3.5 mm

	Infants, 5-10 kg
	1.5
	Up to 7 mL
	4.0 mm

	Infants/children, 10 to20 kg
	2.0
	Up to 10 mL
	4.5 mm

	Children, 20 - 30 kg
	2.5
	Up to 14 mL
	5.0 mm

	Children, 30 kg to small adults
	3.0
	Up to 20 mL
	6.0 cuffed

	Average adults
	4.0
	Up to 30 mL
	6.0 cuffed

	Large adults
	5.0
	Up to 40 mL
	7.0 cuffed

	ETT, endotracheal tube; ID, inner diameter.




Adverse effects.

 The most common adverse effect is sore throat, with an estimated incidence of 10%, and is most often related to overinflation of the LMA cuff. The primary major adverse effect is aspiration, which has been estimated to occur at a comparable incidence as with mask or endotracheal anesthesia.

VENTILATION

Manual Ventilation

❏ Can be done in remote areas, simple, inexpensive and can save lives

❏ Positive pressure supplied via self-inflating bag (e.g. Laerdal/Ambu+/O2)

❏ Can ventilate via ETT or facemask - cricoid pressure reduces gastric inflation and the possibility of regurgitation and aspiration if using facemask

❏ Drawbacks include inability to deliver precise tidal volume, the need for trained personnel to “bag” the patient, operator fatigue, prevents operator from doing other procedures

Mechanical ventilation

❏ Indications for mechanical (controlled) ventilation include

• Apnea

• Hypoventilation (many causes)

• Required hyperventilation (to lower intracranial pressure (ICP))

• Intra-operative position limiting respiratory excursion, (e.g. prone, Trendelenburg)

• Use of muscle relaxants

• To deliver positive end expiratory pressure (PEEP)

❏ Ventilator parameters include (specific to patient/procedure)

• Tidal volume (average 10 mL/kg)

• Frequency (average 10/minute)

• PEEP

• FIO2 (fraction of inspired oxygen) 50% - 100 %.

❏ Types of mechanical ventilators

1. pressure-cycled ventilators

• Delivers inspired gas to the lungs until a preset pressure level is reached

• Tidal volume varies depending on the compliance of the lungs and chest wall

2. volume-cycled ventilators

• Delivers a preset tidal volume to the patient regardless of pressure required

❏ Complications of mechanical ventilation

• Decreased CO2 due to hyperventilation

• Disconnection from ventilator or failure of ventilator may result in severe hypoxia and hypercarbia

• Decreased blood pressure (BP) due to reduced venous return from increased intrathoracic pressure

• Severe alkalemia can develop if chronic hypercarbia is corrected too rapidly

• Water retention may occur as antidiuretic hormone (ADH) secretion may be elevated in patients on ventilators

• Pneumonia/bronchitis - nosocomial

• Pneumothorax

• Gastrointestinal (GI) bleeds due to stress ulcers

• Difficulty weaning
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Airway Management
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Devices to Provide Supplementary Oxygen

Oxygen supply

Refers to an oxygen cylinder or wall unit that connects to an administration device to deliver oxygen to the patient.

When the patient is receiving oxygen from one of these systems, be sure to check the following equipment:

· Valve handles to open the cylinder

· pressure gauge

· flow meter

· Tubing connecting the oxygen supply to the patient’s oxygen administration device

Oxygen therapy is required for

Respiratory failure in many conditions like severe asthma, chronic bronchitis, pneumonia, and myocardial infarction, etc. 

4 devices to provide supplementary oxygen:

1. Oxygen supply (cylinder or wall unit)

2. Nasal cannula

3. Face mask

4. Venturi mask

Nasal Cannula

The nasal cannula is a low-flow oxygen administration system designed to add oxygen to room air when the patient inspires.

A nasal cannula provides up to 44% oxygen.

In this low-flow system, inspired air mixes with room air. 

The ultimate inspired oxygen concentration is determined by the oxygen flow rate through the cannula and how deeply the patient breathes (tidal volume).

Increasing the oxygen flow by I L/min (starting with I L/min) will increase the inspired oxygen concentration by approximately 4%:

[image: image20.jpg]


I L/min:                                   21%to24%

2 L/min:                                 25% to 28% 
3L/min:                                  29%to32%

4L/min:                                 33%to36%

5 L/min:                               37% to 40%

6L/min:                               41%to44%

Face Mask: 

A simple face mask delivers low oxygen flow to the patient’s nose and mouth.

 A partial rebreathing mask consists of a face mask with an attached reservoir bag 

A face mask can supply up to 60% oxygen with flow rates of 6 to 10 L/min 

A face mask with oxygen reservoir (nonrebreathing mask) provides up to 90% to 100% oxygen with flow rates of 9 to 15 L/min. In this system a constant flow of oxygen enters an attached reservoir.

Use a face mask with a reservoir for patients who:

a. Are seriously ill, responsive, and have adequate ventilation but require high oxygen concentrations

b. May avoid endotracheal intubation if acute interventions produce a rapid clinical effect (eg, patients with acute pulmonary edema, chronic obstructive pulmonary disease [COPD], or severe asthma)

c. Have relative indications for endotracheal intubation but maintain an intact gag reflex

d. Have relative indications for intubation but have clenched teeth or other physical barriers to immediate intubation

e. The above patients may have a diminished level of consciousness and may be at risk for nausea and vomiting. 
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  Face Mask

Venturi Mask : 

enables a more reliable and controlled delivery of oxygen concentrations from 24% to 50%.

Use the Venturi mask for 

· patients who retain carbon dioxide (CC2).

· Patients who have chronic high levels of CO2 in their blood and moderate-to-severe hypoxemia may develop respiratory depression if the drive stimulating them to breathe (oxygen) is reduced.

· A Venturi mask can accurately control the inspired oxygen concentration. 

· Use this mask in patients with COPD, who usually have chronic hypercarbia (high 002) and mild to moderate hypoxemia.

Delivered oxygen concentrations can be adjusted to 24%, 28%, 35%, and 40% using a flow rate of 4-8 L/min and 40% to 50% using a flow rate of 10-12 L/min.

Observe the patient closely for respiratory depression. Use a pulseoximeter to quickly titrate to the preferred level of oxygen administration.
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        Ventori Mask

[image: image1.jpg]~
wparto



 Administration of high oxygen concentrations to patients with end-stage COPD may produce respiratory depression because the increase in Pao2 eliminates the stimulant effect of hypoxemia on the respiratory centers.
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 Never withhold oxygen from patients who have respiratory distress and severe hypoxemia simply because you suspect a hypoxic ventilatory drive. If oxygen administration depresses ventilation, support ventilation.

Opening the Airway
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The tongue  may obstruct the airway in unresponsive patients. 
Head-tilt, Chin-lift Maneuver: Done in the absence of spinal injury.

Jaw Thrust: Done when spinal injury is suspected.

Airway Adjuncts

Oropharyngeal airway

[image: image23.png]


[image: image5.png]



Insert oropharyngeal airway – Direct method

1.
Select correct size of oropharyngeal airway by measuring from the angle of the mouth to the angle of the mandible.

2.
Positioning at the head of the patient, open the mouth using tongue-jaw-lift or cross fingers technique

3.
Insert a tongue depressor into the mouth and hold down the tongue

4.
Holding the oropharyngeal airway with the convex curvature towards the operator, insert the airway directly into the mouth, following the mid-line, until the flange reaches the lips

5.
Remove the tongue depressor and inspect the airway position to make sure that the lips are not trapped between the teeth and the airway

6.
Using a bag-mask device, provide 2 or 3 ventilations observing for adequate chest rise
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 The (OPA) displaces  the tongue.  Oropharyngeal airways keep the airway open during bag-mask ventilation These devices help suction the mouth and throat and prevent the patient from biting and occluding a tracheal tube.
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Gag reflex:

A reflex that causes the patient to retch when the back of the throat is stimulated. 

The airway should be used only in the unconscious patient.

Hazards
A long oropharyngeal airway may press the epiglottis against the entrance of the larynx, producing complete airway obstruction.

If the airway is not inserted properly, it may push the tongue posteriorly, aggravating upper airway obstruction.
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Insert oropharyngeal airway – Indirect method

1.
Steps 1 & 2, as above

3.
Holding the oropharyngeal airway with the concave curvature towards the head of the manikin, insert it into the mouth of the patient

4.
As the tip of the airway reaches the posterior pharynx, rotate the airway through 180o, continue to advance the airway until the flange 

Nasopharyngeal airway
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Insert nasopharyngeal airway

1.
Select correct size of nasopharyngeal airway by measuring from the tip of the nose to the tragus of the ear.


2.
Inspect the nostrils of the manikin, looking for any obvious obstructions or dried secretions

3.
Lubricate the airway with a water-soluble lubricant

4.
Hold the airway with the convex curvature towards the operator and the bevel of the airway tip towards the nasal septum

5.
Gently insert the airway following the floor of the selected nostril. Use a slight twisting motion if a small amount of resistance is felt. Do not force it.

6.
Continue to insert the airway until the flange reaches the nostrils

7.
Using a bag-mask device, provide 2 or 3 ventilations observing for adequate chest rise . 
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Hazards

A long nasopharyngeal airway may enter the esophagus.

Although a nasopharyngeal airway is better tolerated by semiconscious patients, its use may also precipitate laryngospasm and vomiting.

Techniques for Oxygenation and Ventilation

Bag-Mask Ventilation

· Consists of a self-inflating bag and a nonrebreathing valve, may be used with a face mask or an advanced airway . 

· Can provide bag-mask ventilation with room air or oxygen if they use a self-inflating bag. 

· This device provides positive-pressure ventilation when used without an advanced airway and therefore may produce gastric inflation and its complications.

Bag-Mask Ventilation 1 person

1. Attach the correct size of mask to the bag-mask device

2. Attach oxygen tubing and reservoir

3. Set oxygen flow rate to 10 – 15 L/min to provide 100% oxygen

4. Using the CE technique, apply the mask to the face and provide an effective, airtight seal

5. Provide 2 or 3 effective ventilations observing adequate chest rise
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MECHANICAL VENTILATION

[image: image28.png]



Indications for mechanical (controlled) ventilation include

• apnea

• hypoventilation (many causes)

• required hyperventilation (to lower intracranial pressure (ICP))

• intra-operative position limiting respiratory excursion, (e.g. prone, Trendelenburg)

• Use of muscle relaxants

• To deliver positive end expiratory pressure (PEEP)

Ventilator parameters include (specific to patient/procedure)

• tidal volume (average 10 mL/kg)

• frequency (average 10/minute)

• PEEP

• FIO2 (fraction of inspired oxygen)

Types of mechanical ventilators

1.pressure-cycled ventilators

• delivers inspired gas to the lungs until a preset pressure level is reached

• tidal volume varies depending on the compliance of the lungs and chest wall

2.volume-cycled ventilators

• delivers a preset tidal volume to the patient regardless of pressure required

complications of mechanical ventilation

• decreased CO2due to hyperventilation

• Disconnection from ventilator or failure of ventilator may result in severe hypoxia and hypercarbia

• decreased blood pressure (BP) due to reduced venous return from increased intrathoracic pressure

• Severe alkalemia can develop if chronic hypercarbia is corrected too rapidly

• Water retention may occur as antidiuretic hormone (ADH) secretion may be elevated in patients on ventilators

• Pneumonia/bronchitis - nosocomial

• pneumothorax

• Gastrointestinal (GI) bleeds due to stress ulcers

• Difficulty weaning

Endotracheal intubation
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Equipment Required for Intubation

1) bag and mask apparatus (e.g. Laerdal/Ambu)

2) mask sizes/shapes appropriate for patient facial type, age

3) pharyngeal airways (nasal and oral types available)

4) laryngoscope MacIntosh = curved blade (best for adults)

5) Magill/Miller = straight blade (best for children)

6) Trachelight - an option for difficult airways

7) Fiberoptic scope - for difficult, complicated intubations

8) Endotracheal tube (ETT): many different types for different indications - inflatable cuff at tracheal end to provide seal which permits positive pressure ventilation - adult female: 7.0 to 8.0 mm - adult male:  8.0 to 9.0 mm - child (age in years/4) + 4 or size of child's little finger = approximate ETT size if nasotracheal intubation, ETT 1-2 mm smaller and 5-10 cm longer , should always have ETT smaller than predicted size available in case estimate was inaccurate

9) malleable stylet should be available

10) lubricant and local anaesthetic are optional

11) Magill forceps used to manipulate ETT tip during nasotracheal intubation

12) suction, with pharyngeal rigid suction tip (Yankauer) and tracheal suction catheter

13) syringe to inflate cuff (10 ml)

14) stethoscope to verify placement of ETT

15) detector of expired CO2to verify placement

16) tape to secure ETT and close eyelids

Technique of Adult Intubation

1. 
Assume ventilation is in progress.

2.
Connect laryngoscope blade and handle; check light: check cuff on endotracheal tube.

3.
Hold laryngoscope in left hand.

4.
Insert laryngoscope in right side of mouth, moving tongue to the left.

5.
Visualize epiglottis, then vocal cords.

6.
Insert ETT (endotracheal tube).

7.
Inflate cuff with 4-6 ml of air.

8.
Confirm correct placement of ETT clinically by ventilating, visualizing bilateral lung inflations, and auscultation of both sides of the chest and over the epigastrium with a stethoscope.

9.
Confirm correct placement of ETT by using an appropriate device such as an ETCO2 detector or esophageal detector device

10. Fix the tube in place .
Attempts of intubation 30sec.

failed attempts at intubation can make further attempts difficult due to tissue trauma

Plan and prepare (anticipate problems!)

Assess for potential difficulties (see Preoperative Assessment section)

Ensure equipment

Preoxygenation of patient

May need to suction mouth and pharynx first

Proper Positioning for Intubation

FLEXION of lower C-spine and EXTENSION of upper C-spine at atlanto-occipital joint (“sniffing position”) above 

CONTRAINDICATED in known/suspected C-spine fracture

Cricoid Pressure Maneuver

During endotracheal intubation appling cricoid pressure by another person. may protect against regurgitation of gastric contents and helps ensure tube placement in the tracheal orifice

Indications for Intubation - the 5 P's

1. Patency of airway required

• decreased level of consciousness (LOC)

• facial injuries

• epiglottitis

• laryngeal edema, e.g. burns, anaphylaxis

2. Protect the lungs from aspiration

• absent protective reflexes, e.g. coma, cardiac arrest

3. Positive pressure ventilation

• hypoventilation – many etiologies

• apnea, e.g. during general anesthesia

• during use of muscle relaxants

4. Pulmonary Toilet (suction of tracheobronchial tree)

• for patients unable to clear secretions

5.Pharmacology also provides route of administration for some drugs

Cmplications

During Laryngoscopy and Intubation

Mechanical

Dental damage (i.e. chipped teeth)

Laceration (lips, gums, tongue, pharynx, esophagus)

Laryngeal trauma

Esophageal or endobronchial intubation

Systemic

activation of sympathetic nervous system (hypertension (HTN), tachycardia, dysrhythmias) since tube touching the cords is stressful

bronchospasm

Problems with ETT and Cuff

Too long - endobronchial intubation

Too short - accidental extubation

Too large - trauma to surrounding tissues

Too narrow - increased airway resistance

Too soft – kinks

Too hard - tissue damage

Prolonged placement - vocal cord granulomas, tracheal stenosis

Poor curvature - difficult to intubate

Cuff insufficiently inflated - allows leaking and aspiration

Cuff excessively inflated - pressure necrosis

Confirm correct placement of ETT by using an appropriate device such as an ETCO2 detector or esophageal detector device
Difficult Airway Equipment List

Recommended equipment for routine airway management
· Facemasks

· Oropharyngeal airways: three sizes 

· Nasopharyngeal airways: three sizes 

· Laryngeal Mask Airways 

· Tracheal tubes in a range of sizes 

· Two working laryngoscope handles 

· Macintosh blades: sizes 3 & 4 

· Tracheal tube introducer ("gum-elastic" bougie) 

· Malleable stylet 

· Magill forceps 

Recommended equipment for management of unanticipated difficult intubation
· Bullard type laryngoscope 

· Trachlight 

· Combitu

· At least one alternative blade (e.g. straight, McCoy) 
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· Intubating Laryngeal Mask Airway (ILMATM) set
(size 3, 4, 5 with dedicated tubes and pusher)

· Tracheal tubes – reinforced and microlaryngeal size 5 & 6mm 

· Flexible fibreoptic laryngoscope (with portable/battery light source) 

· Proseal laryngeal Mask Airway (ProSeal LMATM) 

· Cricothyroid cannula (e.g. Ravussin) with High pressure jet ventilation system (e.g. Manujet) OR

· Large bore cricothyroid cannula (e.g. Quicktrach) 

· Surgical cricothyroidotomy kit 

Tracheal tube introducer ("gum-elastic" bougie) 
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Flexible fibreoptic laryngoscope


Laryngeal Mask Airway (LMA)
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1.
Select the appropriate size of LMA for the intubation manikin.


2.
Test the LMA cuff, partially deflate it and lubricate the back of the cuff with a water-soluble lubricant.

3.
Open the mouth using the “crossed fingers” technique or by performing a tongue-jaw lift; do not hyperextend neck.

4.
Insert tube into mouth and place it so that the curvature is the same as that of the pharynx.

5.
Insert the tube into the mouth, directing it posteriorly until resistance is felt.

6.
Inflate the cuff with the appropriate amount of air corresponding to the size of the tube.

7.
Confirm correct placement of the LMA clinically by ventilating, visualizing bilateral lung inflations, and auscultation of both sides of the chest and over the epigastrium with a stethoscope.

8.
Confirm correct placement of LMA by using an appropriate device such as an ETCO2 detector or oesophageal detector device

ENDOTRACHEAL TUBE SUCTIONING

Purpose: To facilitate removal of secretions and maintain patency of the ET tube. 

Equipment: 

1. Sterile suction catheter of appropriate size (not more than 2/3 the size of the ET tube) 

2. Sterile disposable gloves 

3. Supplemental oxygen source and oxygen tubing 

4. Resuscitation bag 5. Vacuum source and connecting tubing 

6. Sterile H20 

7. Syringe with sterile normal saline 

8. Personal Protective equipment 

Contraindications/Hazards/Complications: 

1. Hypoxia 

2. Vagal stimulation: Cardiac arrhythmia 

3. Tracheitis. 

4. Damage to mucosal membranes. 

5. Airway occlusions. 

6. Sudden death. 

7. Bleeding disorders. 

Procedure: 

1. Evaluate patient to determine if suction is necessary 

(i.e. breath sounds, tactile fremitus, etc.). 

2. Assemble equipment 

3. Prepare resuscitation bag (check that oxygen is on) and 

verify that suction is set at 60-80 mmHg. 

5. Carefully open catheter kit. 

6. Pre-oxygenate infant for a brief period (one or two minutes 

with the Fi02 increased by 10-15% above the delivered Fi02). 

8. Pick up vacuum control end of catheter with gloved hand then 

attach to vacuum connecting tubing. 

9. Disconnect patient from ventilator and instill 1/2cc of sterile normal saline to irrigate, if necessary. 

10. Bag patient with increased Fi02 (5-10% above set Fi02); 

observe color and oxygenation trends during the procedure. 

11. Introduce catheter into ETT and watch cm markings on catheter. 

Match cm markings form ETT and catheter and pass 1 cm. Apply 

suction for no longer than 15 seconds. 

12. Again bag patient with increased Fi02 (10 - 15% above set Fi02. Observe 

patient's heart rate, color, breath rate, etc. 

13. After completion of endotracheal suction, nares and oropharynx should be suctioned gently prior to disposal of the catheter. 

14. Once the catheter and glove have been disposed of, the vacuum connecting tubing should be rinsed with sterile H20. The oxygen concentration must be returned to pre-suctioning FiO2, if indicated. 

15. Auscultation will determine whether a second suctioning episode is indicated. 

16. The color, consistency and amount of secretions aspirated should be documented. 
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Aligning Axes of Upper Airway





Extend-the-head-on-neck (“look up”): aligns axis A relative to B 


Flex-the-neck-on-shoulders (“look down”): aligns axis B relative to C
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