MECHANICAL VENTILATION

Acute respiratory failure

· In current practice, positive pressure ventilation (PPV) is the only form of support for acute respiratory failure
· Criteria for intubation and mechanical ventilation include progressive acidemia, hypoxemia, and circulatory dysfunction
Types of Ventilators

· Goal:  support ventilation and oxygenation until adequate respiratory function returns

· There are three kinds of mechanical ventilators.
a) Pneumobelt or rocking bed

· Are the simplest mechanical ventilators those that substitute for diaphragmatic function 

· These devices have limited utility and are used only in patients with neuromuscular disease and normal lung function. 
b) Intermittent negative-pressure ventilator

· These devices artificially produce a negative extrathoracic pressure during inspiration to substitute for the pleural and airway pressures normally produced by contraction of the respiratory muscles. 

· Examples of this form of mechanical ventilation include the chest cuirass and iron lung. 

· These devices are best suited for patients with respiratory muscle dysfunction and normal lungs.

c) Intermittent positive-pressure ventilator

· In this system gas is directed under positive airway pressure into the lungs. 

· The major advantages of intermittent positive-pressure ventilation are the ability to ventilate the lungs adequately despite increased airway resistance or decreased lung compliance, patient accessibility, and access for bronchial hygiene

· When positive end-expiratory pressure (PEEP) is added to intermittent positive-pressure ventilation, it is called continuous positive-pressure ventilation.

Modes of Mechanical Ventilation
· Most modern ventilators can deliver either a pressure-controlled or a volume-controlled breath in several manners. 
1. Controlled ventilation
· Volume or pressure
2. Assist-controlled ventilation

· Machine assists spontaneous breaths

· Back up respiratory rate
· Assist-control modes deliver breaths at a selected rate and duration (inspiratory time), and can be targeted for either volume or pressure set by the clinician (as opposed to the patient). 

· Spontaneous breaths are not assisted and the patient's own respiratory efforts are not considered. 

3. Intermittent mandatory ventilation (IMV)

· Spontaneous ventilation allowed

· Mandatory machine breaths

4. Synchronized intermittent mandatory ventilation (SIMV) 
· Synchronized Intermittent Mandatory Ventilation (SIMV)

· Spontaneous breaths allowed

· Machine will not trigger in response to spontaneous breath initiated by patient

· Is a mode in which the rate, inspiratory time, and volume or pressure settings are set by the clinician. 

· But the ventilator allows a window of time around each breath in which it waits for the patient to make an inspiratory effort. 

· The machine breath is then synchronized with the patient's effort, to improve the comfort of those who are breathing spontaneously. 
5. Pressure support ventilation

· Ventilator generates a pressure in response to patient effort

· In pressure support, the patient's own efforts are assisted by the delivery of gas flow to achieve a certain airway pressure. 

· This mode of ventilation allows the patient to determine the rate and inspiratory time of breaths, thus improving patient comfort and decreasing the work of breathing.

· Perhaps the most common mode of ventilation in PICUs is SIMV with pressure support, a mixed mode allowing pressure-supported breaths between the synchronized machine breaths.
Mechanical Ventilation Benefits

· Decrease work of breathing

· Improve oxygenation

· Decrease systemic oxygen consumption

· Correct respiratory acidosis

· Decrease intracranial pressure (ICP)

· Stabilize chest wall 
Ventilator Settings
· Tidal volume (Vt)

· Traditionally 10cc/kg, ARDS 6cc/kg

· Volume directly related to pressure, not recommend to exceed pressure >35 cm H2O

· Rate (f)

· Initial settings generally 8-10 bpm

· Sensitivity (ACV or PSV)

· -1 to -3 cm H2O

· Oxygen concentration (fiO2)

· Use enough to achieve SpO2>90, PaO2>60 mm Hg

· O2 toxicity at >60% inspired for prolonged periods

· Positive end-expiratory pressure (PEEP)

· Generally 2.5-15 cm H2O

· Effect is increased mean airway pressure, recruitment alveoli

· Apply to either spontaneous or controlled breaths

· Decrease CO, RBF, may decrease O2 delivery
· Inspiratory flow rate

· During ACV or SIMV

· Generally 60L/min

· COPD may require 100L/min

Complications of Mechanical Ventilation
· Endotracheal tube related

· Glottic, subglottic, uvular edema

· Recurrent laryngeal nerve damage

· Sinusitis

· Vocal cord granulomas

· Tracheal stenosis

· Barotrauma

· Decreased venous return, cardiac output

· Pneumonia (mortality 30%)
Weaning from Mechanical Ventilation
· Hemodynamic stability

· PaO2>60 mmHG on 40%O2
· PEEP<5

· Alert, no copious secretions

· Parameters associated with successful wean

· VE<10L, VC>10cc/kg, PS<10, NIF<15 cm H2O

· Done impirically, at least 30 mins on CPAP

