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Goals of Mechanical Ventilation

Mechanical Ventilation, MV, does NOT replace physiologic lung function. Critical care physicians, therapists, and nurses place patients on MV for a variety of reasons. Clearly, certain patients lack the physical ability to ventilate their lungs. For patients with advanced COPD, CHF, or spinal injury, they lack the muscle control required for adequate lung inflation. Other patients can benefit from the therapeutic effects of mechanical ventilation. Patients with closed head injury require meticulous blood gas management in order to regulate intracranial pressure.  What follows is a brief discussion of desired therapeutic effects:

1) Increase alveolar ventilation

-MV will provide the mechanical power and support necessary to achieve satisfactory alveolar expansion. Pressure alarms and pressure plateau techniques found on mechanical ventilators will decrease the occurrence of barotrauma.

2) Maintain normal pH

-Through careful adjusting of I:E ratios and other parameters, respiratory therapists keep a watchful eye on paC02. Even minute alterations in arterial carbon dioxide content can shift the metabolic balance towards acidosis or alkalosis. 

3) Control increased ICP in patients with closed head injury

-Sustained, moderate, hyperoxygenation is often therapeutic for patients with increasing ICP. Decreasing PaC02 levels correlate with decreasing ICP. In the critical care setting, physicians will often want to keep the PaC02 at a desired level such as “below 30 mm hg.” Careful regulation of respiratory rate and other parameters will maintain desired Co2 levels and thus keep ICP from rising uncontrollably. 

4) Reduce myocardial workload

-In cardiogenic shock or ARDS, myocardial oxygen demand is high. Mechanical ventilation will ensure that oxygen enrich blood is delivered to the alveoli for subsequent distribution to the tissues. Also, the increased work of breathing directly correlates with increased myocardial oxygen consumption. 

5) To permit neuromuscular blockade

-Certain procedures and surgical interventions require complete paralysis of the respiratory muscles. Mechanical ventilation allows the clinician to exercise virtually complete control over a patient’s respiratory status. Patients receiving agents like succinylcholine, vercuronium, or other NMB’s will not have the ability to spontaneously respire. 

Physiologic balance is a difficult state to achieve. Respiratory therapists and other professionals work diligently to achieve a ventilation mode that best compliments a specific patient condition. As transport paramedics, our responsibility is to replicate, as close as possible, the conditions that exist inside a critical care unit. Specifically, trained paramedics should be capable of maintaining ventilator settings found at bedside.  

Modes of Ventilation

Ventilators are capable of delivering breaths at pre-set intervals. To accommodate changes in patient physiology and mental status, ventilators allow the clinician to select a “pre-determined” mode of breathing. Specifically, the Eagle Univent is capable of:

1) CMV

2) SIMV

3) A/C

4) CPAP/PEEP

Other modes of ventilation like ECMO, IRV, PSV, and VAPSV are beyond the Univent’s current capability and will not be discussed in this packet. 

1) CMV, or Controlled Mechanical/Mandatory  Ventilation, is similar to bag-valve-mask ventilation. CMV is a generally a “short term” mode that consists delivering gas at a preset rate regardless of patient respiratory effort. A patient in cardiac arrest requires 100% oxygen at approximately 12-20 breaths per minute. For apneic and arrested patients, CMV is an appropriate mode of ventilation. On the Eagle Univent, there is no “CMV” tab on the mode select switch. To utilize the Univent during a cardiac arrest situation, simply turn the selector to “A/C” and ventilate at 100% Fi02. Set the breaths per minute at 12-20. Spontaneously breathing patients MUST be paralyzed or sedated, or patients will often end up “fighting” or “bucking” the ventilator. 

2) A/C, or Assist-Control ventilation, is a common mode of ventilation found inside    critical care units. The machine will deliver a positive pressure breath whenever it senses a patient-triggered respiration. If the patient’s respiratory effort or drive diminishes, the machine will automatically deliver a breath at the pre-set tidal volume. It is common to have patients set at an “A/C” of 10 breaths per minute. The ventilator will support EVERY patient initiated breath AND deliver 10 breaths per minute if respiratory effort diminishes or stops altogether. A/C is often utilized as an initial mode of ventilation. Generally, ventilators will respond to as little as 2 cm H20 of negative pressure prior to assisting a breath. Ventilator support is given with every breath and each inspiration is delivered at the same tidal volume. It is usually recommended for initial settings because it will ensure a specified minute volume should patient respiratory drive fail. Spontaneous respiration, either between cycles or without ventilator assistance, is not permitted. 

3) SIMV, or Synchronized Intermittent Mandatory Ventilaion, is utilized for patients being weaned from mechanical ventilation. SIMV allows the patient to breathe humidified, oxygenated air from the ventilatory system at whatever rate and tidal volume the patient chooses. Intermittent machine breaths are delivered synchronously with the patient’s own respiratory effort. With SIMV, the amount of breaths per minute is usually decreased to encourage spontaneous respiratory effort. SIMV can be up or down regulated according to changes in patient physiologic status. One way to differentiate SIMV mode from Assist/Control is that the ventilator will not assist breathing at rates above the designated setting. SIMV allows the patient to exercise muscles in-between ventilator assisted breaths. 

4) CPAP, or continous positive airway pressure can be used for intubated or non intubated patients. The ventilator provides continuous end-expiratory pressure and indirectly assists the patient’s respiratory effort. CPAP commonly “splints” the upper airways open to prevent sleep apnea in at-risk patients. Through continuous positive pressure flow, the ventilator elevates end expiratory pressure. CPAP is commonly a non-invasive approach to respiratory assistance and is well tolerated in the breathing patient. CPAP increases tidal volume, decreases PaCo2 levels, and reduces accessory muscle usage. PEEP is simply, “positive pressure exerted by mechanical ventilation at the end of expiration,” (Huddelston, 48). PEEP thus facilitates gas exchange and prevents atelectasis, or alveolar collapse. 

Respiratory  Physiology

Dynamic parameters dictate proper ventilator mode selection and use. These measurements inform the clinician about respiratory efficiency and the actual effort expended in breathing. 

· “f” Respiratory Frequency: Simply put, “f”  is the number of breaths per minute. In the ‘healthy’ adult, F is anywhere from 12-20.

· Minute Volume: Denoted Ve,  is the volume of air inhaled and exhaled over one minute. Tidal volume x frequency equals Ve.  Thus, Ve= Vt x f. At rest, Ve equals approximately 7500 mL/minute. 

· Dead Space: Vd, or dead space, is the part of the tidal volume that DOES NOT participate in alveolar gas exchange. Vd is the air that remains trapped in the airways plus alveolar air not involved in gas exchanged. When a patient suffers from a pulmonary embolism, much physiological Vd exists because the alveoli are simply hypoventilated. Vd is further divided into anatomical and physiological dead space. Anatomical dead space is the amount of air contained in the airways themselves. Physiologic dead space is nothing more than alveolar gas not involved in air exchange. In “healthy” individuals, Vd is equal to the anatomical dead space alone. Physiological dead space is encountered in certain disease states like CHF, COPD, and pulmonary embolism. 

· Alveolar Ventilation: The complement to dead space, alveolar ventilation is that amount of air that IS involved in gas exchange. Va is calculated by the subtracting the dead space from the tidal volume then multiplying by the frequency of ventilation. Va is the touchstone for gauging effective ventilation. Va= (Vt – Vd) x f 

Other respiratory parameters:

· Fio2:    The Fi02 is simply the concentration of oxygen in inspired air. Room air has an Fi02 of 21. 

· I:E ratio:    The I:E ratio is simply the time of inspiration compared to the time of exhalation. Normally, the expiratory time, or “E”, is 2x greater than the inspiratory, or “I” time. Most ventilators operate at an I:E ratio of 1:2. The eagle univent will automatically adjust the I:E ratio according to other set parameters. At no time will the Eagle Univent permit inverse ratio ventilation. I:E ratios of 1:2 and 1:3 promote venous return and allow air to exit the lungs. Increasing expiratory time expands stiff alveoli (ARDS) and prevents alveolar collapse. Inverse I:E ventilation is EXTREMLY uncomfortable and usually requires heavy sedation or paralysis to facilitate ventilator/patient synchrony. 

CHAPTER TWO: VQ Mismatches

Often times, alveolar ventilation does not correspond with perfusion. When the amount of blood perfused to the organs and tissues does not correlate with ventilation, a VQ, or ventilation/perfusion mismatch exists. Three types of VQ mismatches may be encountered by the critical care paramedic:

LOW VENTILATION/PERFUSION RATIO:  When perfusion is greater than ventilation, the ratio is LOW and a shunt is present.  Shunts occur when blood flows over an alveolus and gas change does NOT take place. In the case of pneumonia, a mucous plug may occlude multiple air sacs. Blood passes by the obstructed unit and gas change does not occur. Severe hypoxemia can occur when, “the amount of shunted blood exceeds 20%,” (Hudak, 436).  EXAMPLES: Pneumonia, atelectasis, mucous plug, tumor

HIGH VENTILATION/PERFUSION RATIO:  Dead space develops when ventilation exceeds perfusion. In the case of pulmonary embolism, gas change cannot occur due to a blocked alveolus. Specifically, the blood flow to the alveolar unit is impeded and gas exchange is severely compromised. Air trapped in the alveolus is, “dead,” and the amount of physiologic dead space increases.  EXAMPLES: P. embolism, p. infarction, cardiogenic shock 

SILENT UNIT: During severe ARDS and pneumothorax, gas exchange ceases. Ventilation AND perfusion are impaired, and the alveolar unit is essentially, “silent,” (Hudak, 436). 

TABLE OF LUNG CAPACITIES AND VOLUMES
	TERM
	SYMBOL
	DESCRIPTION
	REMARKS
	VALUE

	Tidal volume
	Vt or TV
	Volume of air inhaled and exhaled with each breath. Approx 5-10 mL/kg
	May not vary even in disease state
	500 mL

	Inspiratory Reserve Volume
	IRV
	Maximum volume of air that can be inhaled after a normal inhalation
	
	3000 mL

	Expiratoy Reserve Volume
	ERV
	Max. volume of air that can be exhaled forcibly after a normal exhalation
	ERV is decreased with restrictive disorders like obesity and pregnancy
	1100 mL

	Vital Capacity
	VC
	Maximum volume of air exhaled from point of maximum inspiration
	Decrease in VC may be found in neuromuscular disease COPD, P. edema
	4600 mL

	Inspiratory Capacity
	IC
	Maximum volume of air inhaled after normal expiration
	
	3500 mL

	Total Lung Capacity
	TLC
	Volume of air in lungs after a maximum inspiration and equal to the sum of all four volumes (Vt, IRV, ERV, RV)
	COPD, atelectasis, pneumonia, decreases TLC
	5800 mL 

	Residual Volume
	RV
	Maximum volume of air remaining in lungs after maximum exhalation
	Increased with obstructive diseases
	1200 mL


Blood Gas Analysis

As previously stated, the arterial blood gas is a direct measure of respiratory efficiency. Blood gas specimens are obtained through arterial puncture or through arterial line access. Paramedics trained and certified by their medical director may be able to obtain and analyze ABG’s. ABG’s are typically measured in-hospital but portable units are available for protracted field use. Even if the transport paramedic is not responsible for blood gas analysis, familiarity is essential. Respiratory therapy is predicated upon ABG monitoring and “fine-tuning.” There are several basic components to every blood gas:

1) pH: The concentration of hydrogen ions in arterial blood is a direct measure of acidity.  pH at homeostasis is generally at 7.35 to 7.45. pH is nothing more than the INVERSE logarithm of the hydrogen ion concentration.

2) paO2: The partial pressure of oxygen in arterial blood. Normal pa02 values are 80-100 mm Hg. 

3) paC02: The partial pressure of carbon dioxide in arterial blood. Normal paCO2 values are 35-45mm Hg. 

4) Bicarbonate: This is an ion utilized as a buffer. Excess bicarbonate often indicates an alkalotic state. 

“Normal” blood gases are those that have physiologic values within normal parameters. Generally, clinicians label blood gases as follows: 

NORMAL
COMPENSATED RESPIRATORY OR METABILIC ACIDOSIS

UNCOMPENSATED RESPIRATORY OR METABOLIC ACIDOSIS

MIXED RESPIRATORY / METABOLIC ACIDOSIS/ALKALOSIS

RESPIRATORY ACIDOSIS occurs when pH is less than 7.35 and paC02 is greater than 45 mm Hg. Carbon dioxide accumulates during states of respiratory compromise. Respiratory acidosis is usually due to respiratory failure, nervous system dysfunction, bronchial obstruction, or hypoventilation. 

RESPIRATORY ALKALOSIS occurs when the pH is greater than 7.45 and the pH is less than 35 mm Hg. Common causes include hyperventilation, fear, and salicylates. Basically, the patient is “breathing off” too much Co2. Excessive offloading of Co2 results in increased pH. 

METABOLIC ACIDOSIS occurs when the bicarbonate level is less than 22 mEq/L and pH < 7.35. Common causes include renal failure, ketoacidosis, starvation, and excessive diarrhea. 

METABOLIC ALKALOSIS occurs when the bicarbonate is greater than 26 mEq/L and pH is > 7.45. Vomiting, NG suctioning, diuretics, and hypokalemia can cause this state. 

Interpretation of ABG’s is basically a three step process. 

1) OXYGENATION: What is the patient’s Sa02? Is the paO2 normal? Determine if hypoxemia exists.

2) ACID-BASE STATUS: Is the pH above or below normal? Determine acidosis vs. alkalosis. Next, look at the paCO2. A paCO2 reading above 45 mm HG indicates a RESPIRATORY ALKALOSIS and a reading of less than 35 indicates RESPIRATORY ACIDOSIS. Evaluation of the bicarbonate level is useful in establishing a metabolic component of alteration. Bicarbonate readings above 26 mEq/L indicate METABOLIC ALKALOSIS and readings below 22 mEq/L indicate METABOLIC ACIDOSIS. 

3) COMPENSATION: Next, determine if the patient is compensating for changes in body chemistry. Simply put, a normal pH in the face of other abnormal readings indicates a compensated state. Uncompensated states occur when the pH is out of range. The human body is equipped with complex compensation mechanisms. Generally speaking, if a problem is respiratory in origin, then the kidneys will work to correct the alteration. Consequently, bicarbonate measurements will RISE when a respiratory acidosis exists. On the other hand, the lungs may “recognize” a kidney malfunction and work to correct alterations in body pH. Respiratory and metabolic systems are designed to complement one-another and often work synergistically to stabilize pH. 

SAMPLE ABG:

PaO2:

80

NORMAL

Sa02:

95

NORMAL

PH:

7.30

DECREASED

PaCO2:
55

ELEVATED

HCO3:

25

NORMAL

INTERPRETATION:

This is uncompensated respiratory acidosis. The pH is low, indicating acidemia. The paCO2 is elevated. Elevated paCO2 indicates a respiratory problem, and elevated levels correlate with acidosis. 

SAMPLE ABG:

Pa02:

85

NORMAL

Sa02:

90

LOW

PH:

7.49

INCREASED

PaC02:

40

NORMAL

HCO3:

29 

ELEVATED

INTERPRETATION:
This is an uncompensated metabolic alkalosis. The pH is elevated, indicating alkalemia. The elevated bicarbonate indicates a metabolic reason for the alkalosis.

SAMPLE ABG:

Pa02:

94

NORMAL

PH:

7.44

NORMAL

PaC02:

48

ELEVATED

HCO3:

27

ELEVATED

BE:

+1   

(Base excess) 

INTERPRETATION:

What is the primary problem here? The elevated bicarb levels correlate with the high normal pH. The paCo2 is rising, attempting to compensate for metabolic alteration. Because the pH is, “normal,” we refer to this blood gas as: COMPENSATED METABOLIC ALKALOSIS. The bicarb value is the “primary problem,” and the respiratory  system is achieving compensation.  

VENTILATOR ALARMS

Some texts encourage nurses to troubleshoot from the machine backward to the patient. Whenever an alarm sounds, be sure to check begin problem solving at the patient. If, for example, a high pressure alarm is secondary to a kinked endotracheal tube, then it is prudent to correct the problem at the source. 

TYPE OF ALARM

CAUSE


CORRECTION

	High pressure
	Kinked tube
	Correct and secure tube

	High pressure
	Retained secretions
	Suction patient, consider re-setting high pressure alarm parameters 

	High pressure
	Pneumothorax
	Assess chest, auscult lung sounds, proceed with decompression as per local protocol 

	Ventilator failure
	Microproccessor failure, electrical failure
	BVM, manual ventilation

	High pressure
	 Patient biting/fighting
	Administer sedative/paralytic as per protocol 

	Low pressure
	Tubing disconnect
	Recheck connections starting at ET tube, work upwards to gas outlet on vent

	Low pressure
	Cuff leak
	Assess cuff integrity, correct leak, possible tube exchange

	Low PEEP, CPAP
	Circuit leak 
	Check for source of leak, correct

	No gas/low oxygen
	Disconnection from wall outlet or failure of main o2 tank
	Recheck connections and assess the need to operate ventilator on portable tank


TIPS FOR ALARM RECOGNITION AND MANAGEMENT: 

· If the transport paramedic is unable to rectify the cause of the alarm, then consider switching to manual bag-valve-mask ventilation. 

· Learn to differentiate between critical failures and ‘more routine’ alarms. For example, patients that are spontaneously fighting the ventilator may not be able to synchronize their breaths with machine initiated breaths. The ventilator may alarm and state that, “tidal volume set does not match volume delivered.” Assess the patient and take corrective action if necessary. This alarm may need no corrective action and is a normal consequence of patient agitation. The Eagle Univent’s display section will provide the paramedic with respiratory waveform and actual tidal volume readings to assist with alarm resolution. 

SCENARIO BASED TRAINING:

SCENARIO 1

You are called to the local MICU to transfer a CHF patient to a tertiary care facility. The MICU respiratory therapist advises you that the patient is on the following ventilator settings:

1) Fi02 of 35

2) PEEP of 8

3) SIMV of 6

4) I:E of 1:2

The respiratory therapist mentions that the patient gets extremely agitated during movement. He says that her vent mode may need to be switched to “A/C” and her Fi02 adjusted accordingly. 

-Describe how you would turn on and activate the ventilator. 

-Describe how to compensate for a falling Sa02 and increased patient agitation: 

SCENARIO 2

You are enroute to Jacksonville from Gainesville, Florida. You are transporting a vent-dependent patient with severe COPD. Enroute, the patient decompensates. Your patient becomes extremely lethargic and begins to desaturate. Initial ventilator settings are as follows:

1) SIMV of 6

2) Fi02 of 30

3) I:E of 1:2

4) PEEP of 4

-Describe how to adjust the ventilator settings to decrease the patient’s work of respiration.

-Is SIMV still an option for this patient?

Complications of Mechanical Ventilation 

1) ICP increase: When patients are on a high PEEP, cerebral outflow is impaired. High PEEP can therefore indirectly raise ICP.

2) Barotrauma: Compliance is not ‘felt’ through a mechanical ventilator. Patients are at risk for alveolar rupture and/or pneumothorax.

3) Cardiac Output changes: High PEEP pressures can increase intra-thoracic pressure and compromise cardiac output.

4) V/Q Mismatching: If a patient’s alveoli are overdistended, dead space may increase. Co2 elimination decreases when dead space increases.

5) Anxiety and stress: Anticipate patient discomfort and be sure to acquire orders or necessary sedatives/paralytics. 
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