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PROTOCOL – MECHANICAL VENTILATION

PURPOSE:
To provide guidelines for mechanical ventilation in patients who require artificial ventilation.   To maintain optimal patient ventilation and oxygenation through mechanical ventilator support.

POLICY:


1. May be performed by appropriately trained and competency verified Flight For Life medical crew.

2. Adequate patient sedation needs to be proactively provided and continually monitored.  See Protocol – Sedation.

3. Consider paralytics where appropriate.  See Protocol – Paralytics.

4. These procedures provide starting ventilatory guidelines for various conditions.  However, patient’s conditions are variable and so these procedures need to be adjusted to meet the patient’s clinical needs.  If in doubt about appropriate ventilator settings, contact medical control.

5. Unless contraindicated, mechanically ventilated patients should be maintained semirecumbent, with the head of the bed raised to 45 degrees to prevent the development of ventilator-associated pneumonia.
COMPLICATIONS
1. Hemodynamic compromise from reduced venous return

2. Bronchospasm

3. Accidental extubation

4. Bronchial intubation 

5. ET tube cuff leak/air leak

6. Endotracheal tube obstruction- from sputum, kinking, biting

7. Auto-PEEP
8. Biotrauma- lung injury from alveolar over distention, alveolar hypoperfusion, and repetitive shear stress across alveolar walls, which leads to an inflammatory response.  Initially thought to be due to barotrauma, but now thought to be from volutrauma (excess volume of air delivered to lungs that can not accept that much volume)
9. Pneumothorax
10. Ventilator associated pneumonia
11. Ventilator malfunction
PROCEDURE
If the patient is being mechanically ventilated prior to transfer, use pre-transport ventilator settings initially and then adjust as needed to optimally ventilate and oxygenate the patient.


General Initial Ventilator Settings

· Mode: SIMV
 or Assist Control (AC)

· Tidal Volume (Vt): 10 ml/kg (if no lung injury)

· Rate
: 10-12/min to attain desired minute ventilation, modify to keep ETCO2 35-40 mm Hg

· Minute Ventilation (VE): 6-8 L/min

· FiO2: 1.0 and titrate down to keep Pulse Ox > 90%.  Goal FiO2 ≤ 0.6

· PEEP
: 0-5 cm H20 titrate to keep Pulse Ox > 90% and FiO2 ≤ 0.6

· Peak Flow: 60 L/min

· Peak Pressure goal < 35 cm H20

COPD Ventilator Settings

· Mode: SIMV or Assist Control (AC)

· Tidal Volume (Vt): 8 ml/kg (if no lung injury)

· Rate: 12-16/min to attain desired minute ventilation, modify to keep ETCO2 ≥ 35-40 mm Hg

· Minute Ventilation (VE): 8-10 L/min

· FiO2: 1.0 and titrate down to keep Pulse Ox > 90%.  Goal FiO2 ≤ 0.6

· PEEP: 0 cm H20 titrate to keep Pulse Ox > 90% and FiO2 ≤ 0.6.  PEEP rarely indicated in COPD.  Monitor for intrinsic PEEP (auto PEEP).
· Peak Flow: ≥ 60 L/min

· Plateau Pressure
 goal < 30 cm H20

Asthma Ventilator Settings

· Continuous neuromuscular blockade usually indicated.  See Protocol – Paralytics.

· Mode: SIMV or Assist Control (AC)

· Tidal Volume (Vt): 8-10 ml/kg (no lung injury)

· Rate: 10-12/min adjusted down to first allow adequate expiratory time and Pulse Ox > 90%, and then attain desired minute ventilation

· Anticipate permissive hypercapnia, ETCO2 < 90 mmHg as long as pH > 7.25
 

· Minute Ventilation (VE): 8 L/min

· FiO2: 1.0 and titrate down to keep adequate expiratory time and Pulse Ox > 90%.  

· PEEP: 0 cm H20 titrate to keep Pulse Ox > 90%.  Monitor for intrinsic PEEP8
· Peak Flow: up to 100-120 L/min to decrease inspiratory time, allowing for more expiratory time 

· Plateau Pressure goal < 35 cm H20

· Peak Pressure < 90-100 cm H20 (Plateau pressure is most important)

Interstitial Lung Disease
 Ventilator Settings

· Mode: SIMV or Assist Control (AC)

· Tidal Volume (Vt): 6-8 ml/kg (if no lung injury)

· Rate: 12-16/min to attain desired minute ventilation, modify to keep ETCO2 35-40 mm Hg

· Minute Ventilation (VE): 8-10 L/min

· FiO2: 1.0 and titrate down to keep Pulse Ox > 90%.  Goal FiO2 ≤ 0.6

· PEEP
: 5 cm H20 titrate to keep Pulse Ox > 90% and FiO2 ≤ 0.6. 

· Peak Flow: ≥ 60 L/min

· Plateau Pressure goal < 35 cm H20

ARDS/Lung Injury Ventilator Settings

· Mode: Assist Control (AC) or Inverse Ratio Ventilation (IRV)

· Tidal Volume (Vt): 6-8 ml/kg

· Rate: 20-25/min to attain desired minute ventilation, modify to keep ETCO2  ≥ 35-40 mm Hg

· Minute Ventilation (VE): > 10 L/min

· FiO2: 1.0 and titrate down to keep Pulse Ox > 90%.  Goal FiO2 ≤ 0.6

· PEEP: Minimum 7.5; max 15 cm H2O to keep Pulse Ox > 90% and FiO2 ≤ 0.6.  Adjust PEEP to minimum mean airway pressure for Pulse Ox > 90%

· Peak Flow: 60 L/min

· Peak Pressure < 45 cm H20

· Plateau Pressure goal ≤ 30 cm H20

If acute respiratory deterioration occurs and obvious cause not immediately determined (tube disconnected, tube kinked, etc), disconnect the patient from the ventilator and initiate manual ventilation with a self-inflating resuscitation beg hooked up to 100% oxygen.  Then perform a rapid physical exam and assess the ventilator circuit and settings.  Consider assessing the patency of the airway by passing a suction catheter through the airway.
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� SIMV- Synchronized Intermittent Mandatory Ventilation


� Ventilatory rate and tidal volume make up minute ventilation (VE).  


� Unless increased ICP with signs of brain herniation- then mild hyperventilation with goal ETCO2 30-35 mmHg


�PEEP (Positive End Expiratory Pressure) increases intrathoracic pressure which decreases venous return. If patient develops hypotension not easily responsive to fluid therapy, reduce or turn off PEEP. PEEP with high airway pressures increases the risk of pneumothorax.  If possible, reduce PEEP to keep peak airway pressures < 35 cm H20, as long as maintaining Pulse Ox ≥ 88-92%.


� Plateau Pressure is measured by giving an inspiratory pause at the end of inspiratory phase and measuring the pressure then.  This most accurately reflects the pressure in the alveoli.


� If pH unknown, ETCO2 ≤ 50 mmHg will be well tolerated.


� Pulmonary Fibrosis, Asbestosis, Sarcoidosis, Lung disease from Rheumatoid Arthritis


�Monitor for intrinsic PEEP (auto PEEP).


� Inspiratory time > expiratory time
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