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MECHANICAL VENTILATION

MECHANICAL  VENTILATION
OBJECTIVES:
       THE LEARNER WILL BE ABLE TO:

1. Differentiate between Respiratory Failure and Ventilatory Failure.

2. Identify the Subjective and Objective indications for mechanical ventilation.

3. Discuss the different modes of ventilation. 

4. Described each alarm.

5. Identify the components that make up a circuit and described their individual fuctions.

Before proceeding,take sometime to review some terms related to respiratory physiology and function.

1. AIRWAY RESISTANCE – this is the pressure between the alveoli and the mouth necessary to produce a unit of flow.It is the major physiological component of the total resistance to breath-ing in the respiratory system.

2. ALVEOLUS – is the smallest and the most distal structure in the terminal respiratory unit where gas exchange takes place in the lungs.

3. COMPLIANCE – relates to distensibility of the lungs,chest wall,or both.Lung compliance is increased in emphysema and decreased in interstitial fibrosis.

4. CARINA – is the site where the trachea divides into left and right main stem bronchi.

5. HYPOXEMIA – means insufficient amount of oxygen in the arterial blood,ie.,less than about 80mmHg in a normal adult.

6. HUMIDIFICATION – is the saturation of dry air with water vapor.

7. MINUTE VENTILATION(Mv) – is the total amount of gas exhaled per minute(ie.,VtxRR)

8. TIDAL VOLUME(Vt) – is the volume of gas exhaled per breath during normal quiet breathing(nor-mally measured in milliliters)

9. VITAL CAPACITY(Vc) – is the largest amount of air exhaled after maximal inspiration,without using force or effort.

10. RESPIRATION – is the exchange of oxygen for carbon dioxide at the alveolar level in the lungs(external respiration) or at the tissueor cellular level(internal respiration)

11. VENTILATION – is the movement of gas in and out of the lungs. 

12. SHUNT – is the portion of the airway where there is perfusion but no ventilation.
13. V/Q Ratio (Ventilation/perfusion ratio) – is a major determinant of oxygenation in the body – should roughly approximate 1:1.A high V/Q ratio is characteristic of dead space-producing disorders (e.g.pulmonary embolus), whereas a low V/Q ratio is indicative of shunt-producing disorders (e.g.sputum plug).
14. PARTIAL PRESSURE – relates to the pressure or tension of a gas whether it is alone or in a mixture with other gases. Clinically, we are interested in the partial pressures of oxygen (PaO2) and carbon dioxide(PaCO2)in arterial blood.The PaO2 relates to the partial pressure of oxygen in the alveoli.

15. OXYGEN SATURATION PERCENTAGE(SaO2%) – refers to the amount of hemoglobin actually combined with oxygen. It may be measured clinically via arterial blood gases by oxymetry, or by non-invasive pulse-oxymetry

16. RATE – the number of times you breathe in one minute.It is measured in breaths per minute(BPM). It indicates how many times the piston will pump the tidal volume in one minute.

17. PEAK FLOW -  determines the speed at which the piston moves.It determines how fast the air will flow from the cylinder into your lungs. It maintains a pattern of inspiration to expiration,and promotes a feeling of breathing comfort.

18. INSPIRATORY TIME – displays the amount of time(seconds) required to complete inspiration. It is dependent on the TIDAL VOLUME and PEAK FLOW settings.

                  Definition

A ventilator is a device used to provide assisted respiration and positive-pressure breathing.

                 Purpose

Ventilators are used to provide mechanical ventilation for patients with respiratory failure who cannot breathe effectively on their own. They are also used to decrease myocardial gas consumption or intracranial pressure, provide stability of the chest wall after trauma or surgery, and when a patient is sedated or pharmacologically paralyzed.

                  Description

Different types of ventilators can be programmed to provide several modes of mechanical ventilation. A brief overview of each type and mode follows.

                   Negative-pressure ventilators
The original ventilators used negative pressure to remove and replace gas from the ventilator chamber. Examples of these include the iron lung, the Drinker respirator, and the chest shell. Rather than connecting to an artificial airway, these ventilators enclosed the body from the outside. As gas was pulled out of the ventilator chamber, the resulting negative pressure caused the chest wall to expand, which pulled air into the lungs. The cessation of the negative pressure caused the chest wall to fall and exhalation to occur. While an advantage of these ventilators was that they did not require insertion of an artificial airway, they were noisy, made nursing care difficult, and the patient was not able to ambulate.

                   Positive-pressure ventilators
Positive-pressure ventilators require an artificial airway (endotracheal or tracheostomy tube) and use positive pressure to force gas into a patient's lungs. Inspiration can be triggered either by the patient or the machine. There are four types of positive-pressure ventilators: volume-cycled, pressure-cycled, flow-cycled, and time-cycled.

VOLUME-CYCLED VENTILATORS. This type delivers a preset tidal volume then allows passive expiration. This is ideal for patients with acute respiratory distress syndrome (ARDS) or bronchospasm, since the same tidal volume is delivered regardless of the amount of airway resistance. This type of ventilator is the most commonly used in critical care environments.

PRESSURE-CYCLED VENTILATORS. These ventilators deliver gases at a preset pressure, then allow passive expiration. The benefit of this type is a decreased risk of lung damage from high inspiratory pressures, which is particularly beneficial for neonates who have a small lung capacity. The disadvantage is that the tidal volume delivered can decrease if the patient has poor lung compliance and increased airway resistance. This type of ventilation is usually used for short-term therapy (less than 24 hours). Some ventilators have the capability to provide both volume-cycled and pressure-cycled ventilation. These combination ventilators are also commonly used in critical care environments.

FLOW-CYCLED VENTILATORS. Flow-cycled ventilators deliver oxygenation until a preset flow rate is achieved during inspiration.

TIME-CYCLED VENTILATORS. Time-cycled ventilators deliver oxygenation over a preset time period. These types of ventilators are not used as frequently as the volume-cycled and pressure-cycled ventilators
MODES OF VENTILATION:

The various techniques used in mechanical ventilation to help patients breathe are called ventilation modes.
Generally, ventilation modes are either controlled or assisted. In controlled ventilation, the ventilator initiates all the breaths and does all the work of breathing. In assisted ventilation, the patient initiates and terminates some or all of the breaths, with the ventilator giving various amounts of support throughout the respiratory cycle.

The assist control mode or (AC MODE) / CONTINUOUS MANDATORY VENTILATION (CMV)

Provides positive-pressure mechanical breaths, delivers the preset volume or pressure in response to the patient's inspiratory effort, but will initiate the breath if the patient does not do so within a preset amount of time. This mode is used for patients who can initiate a breath but who have weakened respiratory muscles. 

The triggering mechanism for the assisted mechanical breath is set to a sensitivity level that is similar to the patient’s own inspiratory effort, to make it easy as possible for the patient to trigger the ventilator. PEEP may also be added to this mode of ventilation to facilitate oxygen delivery.

This mode allows the patient to exercise his/her respiratory muscles to trigger each inspiration, with the ventilator performing the majority of the work of breathing. Increasing or maintaining strength of the respiratory muscles is essential if the patient to be weaned from the mechanical ventilation.

Synchronized  Intermittent  Mandatory Ventilation (SIMV) 
Is now a commonly used modification of  intermittent mandatory ventilation, in which each mechanical breath is synchronized with the spontaneous to reduce the likelyhood of breath stacking.This mode is often used for weaning the patient from mechanical ventilation.

Pressure Support Ventilation (PSV)
Is a spontaneous mode of assisted mechanical ventilation in which each breath is initiated and determined by the patient’s respiratory drive. The patient’s tidal volume is determined by the sum of the patient’s inspiratory effort and the ventilator’s inspiratory pressure. Pressure support usually reduces the inspiratory work of each breath and increases the tidal volume, thereby improving the overall efficiency of spontaneous breathing.

Positive End Expiratory Pressure(PEEP)

PEEP is positive pressure that is applied by the ventilator at the end of expiration. This mode does not deliver breaths but is used as an adjunct to other modes eg: A/C and SIMV to improve oxygenation by opening collapsed alveoli at the end of expiration. 

PEEP is an airway pressure above atmosphere (ie.,positive)at the end of a ventilator cycle, during which spontaneous breathing is absent. 

PEEP is applied by placing a resistance to the ventilator expiratory valve to provide “back pressure”in the lungs. PEEP is indicated when a high inspired oxygen concentrations (FiO2) fail to maintain a satisfactory SaO2.

Complications from the increased pressure can include decreased cardiac output, lung rupture, and increased intracranial pressure.
Continuous Positive Airway pressure(CPAP)
CPAP is similar to PEEP, except that it works only for patients who are breathing spontaneously. The effect of CPAP (and PEEP) is compared to inflating a balloon but not letting it completely deflate before inflating it again. The second inflation is easier to perform because resistance is decreased. CPAP can also be administered using a mask and CPAP machine for patients who do not require mechanical ventilation but who need respiratory support (for example, patients with sleep apnea).

Airway pressures of between about +5 to +15cm H2O are maintained by a continuous or demand flow system.The usual range of PEEP or CPAP is 5 to 15cm H2O.

Benefits of PEEP &CPAP 
With the addition of PEEP/CPAP, previously inflated alveoli are furher inflated,and previously coolapsed alveoli may be recruited. This increase overall gas volume and redistributes lung water away from the alveoli to the interstitial space. The net effect of  the addition of PEEP/CPAP is an improvement in oxygenation,and so a reduction in inspired oxygen concentration may be possible.

Disadvantage of PEEP
Include increases in mean intrathoracic pressure, which may interfere with venous return to the heart. This results in decreased cardiac output. Patients who have a decrease in lung compliance may be at risk for development of pneumothorax with the addition of high levels of PEEP.

VENTILATOR GUAGES AND ALARMS:

Modern ventilators may have guages, digital readouts, or LCD graphics,to monitor various ventilator functions,and/or to advise the clinician when certain preset limits have been reached.

High Pressure Alarm
Usually set about 10 to 20cm H2o above the peak inspiratory pressure, will sound whenever this pressure is reached or exceeded. Airway pressure may increase due to worsening lung compliance, occlusion of any part of the ventilator circuit (e.g.,kinking of the tubing or water condensation), endotracheal tube obstruction, or the patient developing cough, hiccoughs, increased lung secretions or bronchospasm.

Low Pressure Alarm
Is usually set at a point below the patients peak inspiratory pressure, and will sound should the pre-set low pressure level is not reached. Failure to reach the preset low pressure limit may be due to improved lung compliance, hypoventilation, or more commonly, an airway leak, which may occur at certain points thruoghout the ventilator circuit.

Loss of Power Alarm
May be triggered whenthe power source (electricity,battery,or gas)fails. Should this occur, your first response must be to disconnect the patient from the ventilator, and manually ventilate him/her via a bag/valve device until the problem is resolved.
Sensitivity Dial determines the amount of patient effort required to initiate an assisted breath.It is in OFF position in controlled ventilation. For assisted breathing,it is gradually increased until the needle on the pressure gauge moves to –0.5 to –1.5cm H2o to trigger each breath.

Inspiratory Flow rate
Is the volume of gas flow from the ventilator in the inspiratory phase, and may be adjusted to meet certain clinical requirements. The usual inspiratory flow rate is roughly 40 to 60 liters per minute. The higher the inspiratory flow rate, the greater the peak inspiratory pressure will be, whereas, the lower the inspiratory flow will result in a lower peak inspiratory pressure.
Apnea Alarm 
Occurs when the elapsed time between successive inspirations exceeds the set apnea interval regardless of breath type. In addition, the alarm will automatically clear itself if the patient takes two successive breaths. It also means the cessation of breathing for 20 seconds. If the machine will not detect a breath within 20 seconds, the alarm will sound.

Ventilator Inoperative Alarm  
Identifies a serious condition. It tells you that ventilator is not capable of running safely.

LO BATT ALARM 
Will sound when there is less than a charge left(about 15 minutes). When the LO BATT sounds you should find other sources of power immediately.
POWER CHANGED ALARM
This helpful alarm warns you that there had been a downward step in power, such as wall AC to external battery, or external battery to internal battery, or wall AC to internal battery.

COMPLETE POWER FAILURE ALARM 
It is unlikely that you will have no AC power, and a completely discharged external and internal battery.

                   Ventilator settings
Ventilator settings are ordered by a physician and are individualized for the patient. Ventilators are designed to monitor most components of the patient's respiratory status. Various alarms and parameters can be set to warn healthcare providers that the patient is having difficulty with the settings.

RESPIRATORY RATE (RR) – The respiratory rate is the number of breaths the ventilator will deliver to the patient over a specific time period. The respiratory rate parameters are set above and below this number, and an alarm will sound if the patient's actual rate is outside the desired range.

TIDAL VOLUME (VT) – Tidal volume is the volume of gas the ventilator will deliver to the patient with each breath. The usual setting is 5-15 cc/kg. The tidal volume parameters are set above and below this number and an alarm sounds if the patient's actual tidal volume is outside the desired range. This is especially helpful if the patient is breathing spontaneously between ventilator-delivered breaths since the patient's own tidal volume can be compared with the desired tidal volume delivered by the ventilator.
OXYGEN CONCENTRATION (FIO2) – Oxygen concentration is the amount of oxygen delivered to the patient. It can range from 21% (room air) to 100%.

INSPIRATORY:EXPIRATORY (I:E) RATIO – As discussed above, the I:E ratio is normally 1:2 or 1:1.5, unless inverse ratio ventilation is desired.
PRESSURE LIMIT – Pressure limit regulates the amount of pressure the volume-cycled ventilator can generate to deliver the preset tidal volume. The usual setting is 10-20 cm H2O above the patient's peak inspiratory pressure. If this limit is reached the ventilator stops the breath and alarms. This is often an indication that the patient's airway is obstructed with mucus and is usually resolved with suctioning. It can also be caused by the patient coughing, biting on the endotracheal tube, breathing against the ventilator, or by a kink in the ventilator tubing.

FLOW RATE – Flow rate is the speed with which the tidal volume is delivered. The usual setting is 40-100 liters per minute.

SENSITIVITY/TRIGGER – Sensitivity determines the amount of effort required by the patient to initiate inspiration. It can be set to be triggered by pressure or by flow.

SIGH – The ventilator can be programmed to deliver an occasional sigh with a larger tidal volume. This prevents collapse of the alveoli (atelectasis) which can result from the patient constantly inspiring the same volume of gas.
VITAL CAPACITY (Vc) – Largest amount of air exhaled after maximal inspiration, without using force or effort.

TIDAL VOLUME (VT) – Volume gas exchanged per breath during normal breathing (ml).

MINUTE VENTILATION (MV) (VT x RR) – Total amount of gas exhaled per minute.

INDICATIONS FOR VENTILATION:

Probably the most frequent indication for initiating mechanical ventilation is a supportive therapy in the setting of respiratory failure, which can be classified as either acute or chronic. Respiratory Failure may be due to either Inadequate oxygenation, nadequate ventilation or a combination of two entities.

The distinction between the two terms “ventilatory failure”and ‘respiratory failure” is often disregarded clinically.The terms are used interchangeably,although they do have different meanings:
Ventilatory failure is a PaCO2 of greater than 50 mmHg. It is associated with a PaO2 of less than 60mmHg, with or without a PaO2 0f 50mmhg or more.
Respiratory Failure is the failure of the respiratory system to provid eadequate gas exchange.
Inadequate ventilation causes an increased carbon dioxide tension (PaCO2)and respiratory acidosis.
Inadequate oxygenation means a decreasing arterial oxygen tension(PaO2),less than 60mmHg,with an oxygen saturation of less than 90%,despite increasing inspired oxygen concentrations.
OBJECTIVE CRITERIA:

Because virtually any disease process is capable of contributing to or actually causing respiratory failure, specific criteria have been developed which can be applied to all clinical situations .Nursing Staff, while not be responsible for performing the direct measurements required for determining this objective criteria but still need to be aware of their significance in relation to the patients overall clinical condition.
Acute respiratory acidosis, in combination with worsening arrythmias and hemodynamic instability, generally indicates the need for mechanical ventilation inorder to prevent further clinical deterioration. Additionally, development of respiratory distress may also indicate the need for mechanical ventilation.

Remember, however,  that the overall clinical status of your patient needs to be considered before deciding whether or not mechanical ventilation should be commenced.

Therefore, certain subjective criteria also need consideration in order to establish the need for mechanical ventilation.

SUBJECTIVE CRITERIA:

1. Is the patient awake,cooperative and alert?
2. Can the patient cough and deep breath effectively?
3. What are the secretions like,and is there any bronchospasm?
4. Can the patient swallow?
5. Is there ventilatory dis-coordination,e.g., flail chest,paradoxical movement?
6. What is the work of breathing?
7. Is there adequate muscle tone,e.g., can the patient lift her/his head and arms off the bed for more than 5 seconds?
8. Is the patient haemodynamically stable? 

SUMMARY:

Caring for a critically ill ventilated patient means that you, as the bedside nurse assume responsibility for integrating and coordinating all aspects of care. With this in mind, your aim should be to ensure that all interventions (those of nursing and other health care team members) are necessary, safe and effective that complications are either avoided completely or their effects minimized and that you provide optimal nursing care at all times.To effectively achieved these aims you need to possess advanced skills in patient assessment and understanding of the significance of your clinical findings, and the ability to act appropriately on those findings.

MECHANICAL VENTILATION

POST TEST

1. The Tidal Volume relates to:

a. Maximum amount of air exhaled after normal inspiration.

b. Maximum amount of air exhaled after maximal inspiration.

c. The amount of air exhaled per breath in normal breathing.

d. The total amount of gas exhaled per minute.

2. Subjective Criteria for initiating mechanical ventilation may include:

1. Inadequate cough reflex

2. Thick secretions

3. Awake,alert,cooperative patient

4. Flail chest

ANSWER:

a. If 1,2,3,are correct

b. If 1,3,4,are correct

c. If all are correct

d. If 1,2and 4 are correct

3. Clinical conditions which may result in Hypoventilation may include:

a. Chest wall trauma

b. Drug Intoxication

c. Neuromuscular Disease

d. All of the above

4. The ventilation mode in which the patient breathes spontaneously with the

ventilator supplying a preset number of breathes coordinated with the patients own breath is called :

a. Assist controlled ventilation

b. Pressure support ventilation

c. SychronizedIntermittentMandatoryVentilation

d. Continuous Positive Airway pressure 

5. When no supplemental oxygen is being delivered thru chronic ventilator the patient will receive an Fi02 of 21%

a. True

b. false

6. Causes of  Low Pressure alarm sound includes

a. Kinked ventilator tubing

b. Loss of power or gas

c. A leak in the circuit

d. Water Condensation

7. If the machine did not detect a breath  within 20seconds,what kind of alarm will sound?

a. Low Preesure Alarm

b. Apnea Alarm

c. High Pressure Alarm

d. Ventilator Inoperative Alarm
8. Immediate Nursing Management for a loss of power to the ventilator is to:

a. Call biomedical services for assistance

b. Check all ventilator tubing for disconnection

c. Disconnect the patient from ventilator and manually ventilate.

d. Increase O2 level to 100%
9. What to do in Complete power failure alarm?

1. Provide another source of power.

2. Provide another means of adequate ventilation immediately(ie.,manual resuscitator)

3. Call Emergency Services and rentals

ANSWERS:

a. If 1 and 2 are correct

b. If 2 and 3 are correct

c. If 1,2,3 are correct

d. If none is correct.

10. High Pressure Alarm will sound when?

1. coughing occurs

2. circuit kinked

3. straining with stools

4. mucus is present in trache/trachea

ANSWERS:

a. If 1,2,3 are correct

b. If 2,3,4 are correct

c. If all are correct

d. If none is correct

11. The number of time the patient breathe in one minute is:

a. .Inspiratory time

b. Tidal Volume

c. Peak Flow

d. Rate

12. The amount of time( per second)required to complete inspiration is called:

a. Peak Flow

b. Rate

c. Inspiratory Time

d. Sigh

13. In what kind of mode will you see a patient breathing spontaneously while ventilator provides the number of breaths set on the rate control?

a. Assist Control mode

b. SIMV Mode

c. Control mode

d. Controlled Mandatory Ventilation(CMV Mode)
14. This kind of mode allows the patient to breathe spontaneously and received a fixed number of breaths which are assisted. Patient do the breathing and the ventilator is the back-up.

a. Assist control mode

b. CMV mode

c. SIMV mode

d. Control mode

15. If the ventilator is not capable of running safely, what kind of alarm the nurse

will see on the machine?

a. Complete power failure alarm

b. Internal battery alarm

c. Power change alarm

d. Ventilator Inoperative alarm

