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Procedure No. 458-20081015-01 ( Major ) Intensive Care Ventilators
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Used For:
Ventilators, Intensive Care  [17-429]
Ventilators, Intensive Care, Neonatal/Pediatric  [14-361]

Ventilators, Transport [18-098]




Commonly Used In: 
Critical care units, general medical/surgical units, emergency departments

Scope: 
Applies to all ventilators except jet ventilators, negative-pressure ventilators, portable ventilators (see Procedure 471), and anesthesia unit ventilators (see Procedure 461)

Risk Level: High

	Type
	Interval
	Time Required



	Major
	6 Months
	0 hours



	Minor
	0 NA
	0 hours







Overview: 
Intensive care unit (ICU) ventilators are used to provide temporary support to critically ill patients who require total or partial assistance to maintain adequate ventilation. Most ICU ventilators are positive-pressure devices that (1) are: microprocessor controlled to receive gases (air, oxygen (O2), or other therapeutic gases) from a high-pressure gas source or internal sources such as a turbine or compressor; (2) regulate the gases to pressures, flows, and inspired O2 based on user-set controls; and (3) deliver the gases to patients through a flexible breathing circuit. They incorporate monitors and alarms for equipment failure or change in patient status. 

Ventilators are composed of four basic subsystems: the ventilator and its controls, monitors and alarms, gas supply, and patient circuit (which includes the breathing circuit and may include a humidifier and nebulizer). Each subsystem requires its own inspection and preventive maintenance procedures.

Test Apparatus, Supplies, Parts: 

· Electrical safety analyzer


· Lung simulator with adjustable compliance/ventilator tester


· Pressure gauge or meter with 2 cm H2O resolution from -20 to +120 cm H2O


· O2 analyzer


· Stopwatch or a watch that displays seconds

 

Special Precautions: 

Procedure: 
Be sure that you understand how to operate the equipment, the significance of each control and indicator, and the alarm capabilities. Before beginning an inspection, carefully read this procedure, the operators manual, and the inspection and preventive maintenance procedures recommended by the manufacturer (typically included in the service manual). Use the BiomedicalBenchmark Support Assessment Form to document a maintenance decision that reflects past experience with this type of equipment and the environment where it is used. Then use the IPM Procedure Customization Tool to modify this procedure as needed; the program will generate a documentation form with the corresponding changes.

Most microprocessor-controlled ventilators have self-diagnostic programs. When the ventilator's hardware (e.g., solenoid valves, transducers) is checked by its own software, manual inspection tasks can be eliminated.

Manufacturers' recommended procedures for inspection and preventive maintenance of mechanical ventilators vary in both methods and required accuracy. In addition, ventilation modes, controls, and algorithms for calculated variables vary greatly according to manufacturer and model. This procedure provides the basic framework for complete ventilator inspection and preventive maintenance. Manufacturers' recommended procedures should be added where appropriate. Several tasks, particularly Operational Modes, Controls, and Monitored Parameters and Alarms, should be customized to make a procedure that is model-specific.

Qualitative tasks: Chassis/Housing.
Examine the exterior of the ventilator for cleanliness and general physical condition. Be sure that plastic housings are intact, that all hardware is present and tight, and that there are no signs of spilled liquids or other serious abuse.



Mount/Fasteners.

If the ventilator is mounted on a stand or cart, examine the condition of the mount. If it is attached to a wall or rests on a shelf, check the security of this attachment. Check the mounting security of all components or attached monitors.



Casters/Brakes.

If the ventilator moves on casters, check their condition. Verify that they turn and swivel, as appropriate, and look for accumulations of lint and thread around the casters. Check the operation of brakes and swivel locks, if the ventilator is so equipped.



AC Plug.

Examine the AC power plug for damage. Attempt to wiggle the blades to check that they are secure. Shake the plug and listen for rattles that could indicate loose screws. If any damage is suspected, open the plug and inspect it.



Line Cord.

Inspect the cord for signs of damage. If damaged, replace the entire cord or, if the damage is near one end, cut out the defective portion. Also, check line cords of battery chargers.



Strain Reliefs.

Examine the strain reliefs at both ends of the line cord. Be sure that they hold the cord securely.



Tubes/Hoses.

Check the condition of all tubing and hoses. They should be clean and intact.



Cables.

Inspect any cables and their strain reliefs for general condition. Carefully examine cables to detect breaks in the insulation and to ensure that they are securely gripped in the connectors at each end, which will prevent rotation or other strain. Where appropriate, verify that there are no intermittent faults by flexing cables near each end and looking for erratic operation or by using an ohmmeter.



Fittings/Connectors.

Examine all gas fittings and connectors for general condition. Gas fittings should be tight and should not leak. Verify that keyed connectors (e.g., pin-indexed gas connectors) are used where appropriate, that all pins are in place and secure, and that keying is correct. Connectors to hospital central piped medical gas systems should have the appropriate DISS or quick-connect fitting to eliminate the need for adapters.



Filters.

Check the condition of gas filters. Check for corrosion residue indicative of liquid, gaseous, or solid particle contaminants in the gas supply; advise appropriate personnel if found. Clean or replace if appropriate, and indicate this on the inspection form.



Retaining Clips.

Examine the retaining clip for damage/tightness. Verify clip fits securely over plug or cord such that cord yanking will not loosen connection.



Controls/Switches.

Examine all controls and switches for physical condition, secure mounting, and correct motion. Check that control knobs have not slipped on their shafts. Where a control should operate against fixed-limit stops, check for proper alignment, as well as positive stopping. Check membrane switches for damage (e.g., from fingernails, pens). During the inspection, be sure to check that each control and switch performs its proper function.



Pressure-Relief Mechanism.

Check the proper operation of the pressure-relief mechanism, if so equipped, by occluding the breathing circuit and observing the resulting peak pressure on the unit's pressure indicator. Verify that pressure is vented and does not exceed manufacturer specifications.



Fan/Compressor.

Check the physical condition and proper operation of these components if so-equipped. Check for automatic activation of the compressor when the piped gas supply pressure falls below operating pressure. Clean or replace fan and/or compressor filters and lubricate as required, according to the manufacturer's instructions.



Battery/Charger.

Inspect the physical condition of batteries and battery connectors if readily accessible. Check operation of battery-operated power-loss alarms, if so equipped. Operate the ventilator on battery power for several minutes to check that the battery is charged and can hold a charge. (The inspection can be carried out on battery power to help confirm adequate battery capacity.) Check battery condition by activating the battery test function or measuring the output voltage; for lead-acid batteries, measure the specific gravity and check the fluid level. Check the condition of the battery charger and, to the extent possible, confirm that it does, in fact, charge the battery. Be sure that the battery is recharged or charging when the inspection is complete. When it is necessary to replace a battery, label it with the date.



Indicators/Displays.

Confirm the operation of all lights, indicators, meters, gauges, and visual displays on the ventilator and charger (if so equipped). Be sure that all segments of a digital display function. Record reading of an hour meter, if present.  If so equipped verify units internal altitude setting is properly set for your location. 



Self-Test.

For units with a self-test mode, activate it and determine if the expected response is produced. (Major, Acceptance) 



Time/Date Settings.

Verify that the time and date settings on the unit are correct. 



Network/Wireless Interfaces.

Review measures taken to ensure protection against the potential risks and vulnerabilities to the confidentiality, integrity, and availability of electronic information stored or transmitted by the device or system and verify that preventive measures are still active. For example, are passwords being applied correctly, have OS and virus protection patches and upgrades been installed, is the device still operating on a VPN (virtual private network) and are wireless security measures still in place. Verify that data backup processes are activated and that data can be retrieved from backups. 



Operational Modes.

[Note: This task should be customized into specific tasks for each mode, which will create corresponding task titles on the inspection form.]

Verify proper operation of the following modes found on most ventilators: 

Control 

Assist/control 

Synchronized intermittent mandatory ventilation (SIMV)              

Pressure support

Continuous positive airway pressure/positive end-exhalation pressure (CPAP/PEEP)



Labeling.

Check that all necessary placards, labels, and instruction cards are present and legible.



Accessories.

Confirm the presence and check the condition of accessories. Verify that the breathing circuit and filters are compatible with the ventilator, according to the manufacturer's recommendations. Check for leaks in the breathing circuit, ensuring that fittings, adapters, and other components (e.g., exhalation valves, H-valves, PEEP valves, water traps, nebulizers) are properly assembled and functioning correctly.

Oxygen-air proportioner. See Procedure 444.



Compressor.

Test according to the manufacturer's recommendations.



Gas Cylinders, Gauges, and Regulators (for transport ventilators).

Verify that these components are present, securely mounted, and in good condition and that there is adequate gas supply.



Humidifiers.

See Procedure 431.



Default Settings and Alarms.

If the ventilator has back up ventilation or automatic default settings confirm that the values for tidal volume, respiratory rate are reasonable for intended patient population. Also verify (if so equipped) alarm defaults are reasonable values. 



Quantitative tasks: Grounding Resistance.
Measure the resistance between the grounding pin of the power cord (if so equipped) and exposed (unpainted and not anodized) metal on the chassis. Grounding resistance should not exceed 0.5 Ω. If the unit is double insulated, grounding resistance need not be measured.  



Controls.

[Note: This task should be customized into specific measurement tasks for each control function. This will create corresponding data fields on the inspection form.]

Verify proper operation and/or accuracy of ventilation controls, which may include:

Tidal volume

Pressure level

Respiration rate

Inspiratory time

Expiratory time

Inspiratory:expiratory (I:E) ratio

Inspiratory/expiratory hold

Flow

PEEP

Trigger sensitivity

100% oxygen delivery

Sigh

Manual breath

Spontaneous breath

Waveshape

Verify the operation and accuracy of ventilation controls and indicators. These tests are typically performed by attaching the ventilator to a lung simulator or ventilator tester and comparing measured values to settings on the ventilator. Follow manufacturer recommendations for appropriate ventilator settings at which to verify proper operation and accuracy. Measured values should typically be within 10% of settings.

Record the tidal volume measured by the volume monitor.  If the ventilator does not have breathing circuit compliance, determine circuits compliance and add that value to the total volume  at the outlet of the exhalation valve or the PEEP valve, if used. Volume can also be confirmed by calculating the delivered tidal volume from the product of the test lung and breathing circuit compliance (C) and the peak inspiratory pressure (PIP) (V = C ´ PIP). To determine the compliance, deliver a set volume (same volume that the ventilator is set to deliver) to the breathing circuit and test lung with a large syringe, and record the resultant change in pressure at the inlet of the test lung. The compliance is the delivered volume divided by the recorded pressure. The measured volume should be within 10% of the set tidal volume.

Record the number of breaths delivered during a one-minute period. Verify that the measured rate is within 1 breath/min of the set respiration rate (may be ±2 breaths/min at high set rates).

Trigger the test lung to activate the spontaneous breath indiucator and verify respiratory rate monitor adjusted for spontaneous breaths.



Monitored Parameters and Alarms.

[Note: This task should be customized into specific measurement tasks for each monitored parameter and alarm. This will create corresponding data fields on the inspection form.]

Verify proper operation and accuracy of monitored parameters and their associated alarms, which may include:

Respiratory rate (apnea alarm and high breath rate)

Inspiratory time (inspiratory time too long)

Peak inspiratory pressure (PIP) (high pressure alarm  low airway pressure)

Peak inspiratory flow

Positive end-expiratory pressure (PEEP) (loss of PEEP and high PEEP)

Mean airway pressure (MAP)

Volume (both tidal and minute volume) (high/low tidal/minute volume)

Fraction of inspired oxygen (FIO2); see Oxygen Analyzer Procedure 417 (FIO2 alarm)

Attach the ventilator to a lung simulator or ventilator tester and verify that displayed values are within 10% of simulated values.

Induce alarm conditions to activate audible and visual alarms. Verify alarm messages on displays. If the ventilator has an alarm-silence feature, check the method of reset (i.e., manual or automatic) against the manufacturer's specifications. Confirm appropriate loudness as well as the operation of a alarm loudness control, if so equipped. If audible alarms have been silenced or the loudness set too low, alert clinical staff to the importance of keeping alarms at the appropriate level. If the ventilator is used with a remote alarm, verify that the alarm and indicator function properly. Alarm activation (e.g., for high PIP, low pressure, low FIO2) should also be within 10% of set values. 

Verify equipment failure alarms:

Loss of AC 

Loss of Battery power

Low Battery 

Loss of air supply 

Loss of oxygen supply

Breathing circuit disconnection

Verify operation switchover:

from AC to Battery

air loss to 100% oxygen 

oxygen loss to air



Preventive Maintenance: Clean.
Clean the exterior, interior, and components if needed.



Calibrate.

Calibrate according to the manufacturer's instructions.



Replace.

Replace components according to the manufacturer's instructions.
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