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Procedure No. 431-20081015-01 ( Major ) Heated Humidifiers
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Used For:
Humidifiers, Heated [12-050]



Commonly Used In: 
Respiratory care areas, critical care areas, recovery rooms, nurseries, operating rooms

Scope: 
Applies to servo-controlled humidifiers, humidifiers used in combination with separate temperature controllers (servo control), and non-servo-controlled humidifiers

Risk Level: High

	Type
	Interval
	Time Required



	Major
	12 Months
	0 hours



	Minor
	0 NA
	0 hours







Overview: 
During normal inspiration, the mouth, nose, and pharynx warm and humidify air. However, during long-term ventilatory support or anesthesia when the patient is intubated with an oral or nasal tracheal tube or tracheostomy tube, this natural humidification process is bypassed; dry, cool gases are delivered directly to the trachea and lungs, thus increasing heat and moisture demand on the lower respiratory tract. As water is vaporized to increase inspired water vapor concentration and the inspired gas is warmed by convection, tracheal mucosa loses heat and moisture. As the mucosa dries and its temperature drops, secretions thicken and ciliary activity is reduced, and the ability to clear mucus and debris is diminished. The formation of thick mucus plugs can result in infection, atelectasis (i.e., collapse of the alveoli) or obstruction of the airway.

Typically, an electrically heated, water-filled humidifier is added to the unspiratory limb of ventilators and anesthesia systems. The humidifier simultaneously supplies heat and humidity when the gas passes over a heated wet surface; efficient design ensures saturation of the gas mixture leaving the humidifier. 

The simplest humidifiers heat water by means of a thermostatically controlled heat transfer surface in contact with a body of water, which in turn heats the gas stream. Controlling the temperature of the heater prevents excessive water and gas temperatures. Most humidifiers have a control for varying the gas temperature; servo-controlled units use a temperature sensor in the patient circuit for more reliable temperature control of the gas delivery to the patient.

There is a risk of hyperthermia and respiratory tract burns if the inspired gas exceeds 40°C for an extended period of time. Increases in temperature and exposure time correspondingly increase this risk. 

Test Apparatus, Supplies, Parts: 

· Electrical safety analyzer


· Thermometer (bimetallic or electronic) accurate to at least 0.5°C over a range of 30° to 45°C


· Pressure gauges or meters with ranges of 0 to 30 cm H2O and 0 to 100 cm H2O


· Adapters for various humidifiers to be inspected

Special Precautions: 
When inspecting heated humidifiers (and other thermostatically controlled equipment), verify that the unit is not operating on its backup or secondary thermostat. If the normal (primary) thermostat fails in the on mode, the secondary thermostat will limit the temperature to protect the heater from burning out, but the heater may still generate a temperature excessive for the patient. Thus, if output temperature is high and the control thermostat does not appear to adjust it properly, the humidifier may be operating on its backup thermostat. Most humidifiers do not have an alarm to alert the user to this condition. WARNING: Heater surfaces may be hot.

Perform the following tasks with distilled water added to the humidifier before applying power to the heater.

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.

Qualitative tasks: Chassis/Housing.
Examine the exterior of the humidifier for cleanliness and general physical condition. Check that plastic housings are intact with no cracks or poor seals that spilled fluid can penetrate, that necessary assembly hardware is present and tight, and that there are no signs of spilled liquids or other serious abuse. Check for discoloration, peeling, melted plastic, or swelling that may indicate overheating.



Mount/Fasteners.

Examine the mounting security of the humidifier and associated accessories.



AC Plug.

Examine the AC power plug for signs of damage. Attempt to wiggle the blades to determine 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 line cord for signs of damage. If damaged, either replace the entire cord or, if damage is near one end, cut out the defective portion.  Ensure that the line cord is sufficiently long to preclude the need for extension cords.



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 in the humidifier. Be sure that they are not cracked, kinked, brittle, or dirty. Check for any evidence of leaking.



Cables.

Inspect the controller and temperature sensor cables, if any, as well as their strain reliefs, for general condition. Check reusable heated wires for cracks, kinks, and brittleness. Verify that the wires are compatible with this humidifier.



Fittings/Connectors.

Examine all gas and liquid fittings and connectors (e.g., patient circuit, water supply, electrical cable connectors) for general condition.  Check hot water chambers can be seated securely onto heat transfer surface (if so equipped).



Transducers/Temperature Sensor.

Check that the patient inspiratory temperature sensor is present and properly fitted into the center of its adapter for use in the patient circuit.



Controls/Switches.

Examine all controls and switches for physical condition, secure mounting, and correct motion. Where a control should operate against fixed-limit stops, check for proper alignment, as well as positive stopping. Check membrane switches for membrane damage (e.g., from fingernails, pens). During the course of the inspection, be sure to check that each control and switch performs its proper function.



Heater.

Examine the heater or heat transfer surface for physical condition (e.g., corrosion or pitting of its sheath, deteriorated insulation).



Fluid Levels.

Check that the maximum fluid level is marked and clearly visible.



Flow/Output.

With distilled water in the humidifier, connect it to a source of medical compressed air and its output to the patient circuit tubing. Set the humidifier for a mid-range temperature and the gas source for 10 L/min, and turn on the humidifier and gas source. Confirm that the gas flow in a bubble-type humidifier actually bubbles up through the water. Also check that gas is being humidified after the humidifier has warmed up, as evidenced by condensation in the output hose. Measure grounding resistance and chassis leakage current before this task, so that it will be possible to proceed directly to humidifier output temperature testing.)



Indicators/Displays.

During the course of the inspection, confirm the operation of all lights, indicators, and visual displays. If the humidifier has a digital temperature display, be sure that all its segments function.



Alarms.

Operate the humidifier in such a way as to activate audible and visual alarms. High-temperature alarms may need to be checked during the High-Temperature Alarms tasks. If the humidifier has a probe-disconnect alarm, verify that it is activated and that the heater is turned off when the probe is disconnected.



Audible Signals.

Operate the humidifier to activate any audible signals. Confirm appropriate volume, as well as the operation of a volume control, if so equipped.



Labeling.

Check that all necessary placards, labels, flow rate and temperature calibration charts, and instruction cards are present and legible.



Accessories.

Confirm the presence and condition of such accessories as separate controllers, temperature sensors, and water supplies. Make sure all necessary parts are present (e.g., valve flaps, removable stoppers).



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.  



Output Temperature.

Connect the humidifier input to a medical compressed-air source and the output to the patient circuit or tubing. Attach the test thermometer adapters and the humidifier's temperature sensor at the patient Y as close to each other as the adapters will permit.

Set the temperature controller to low or mid range (35° to 40°C), set the gas source for 10 L/min, and turn on the humidifier and the gas source. When the thermometer equilibrates, record the output temperature and the temperature indicated by the humidifier's temperature monitor or controller. Also, record the controller or thermostat setting. Repeat the task at the maximum temperature setting. Verify that the output temperature changes when the setting is changed to maximum. If it does not, the primary temperature control may not be functioning, and the humidifier may be operating on its backup thermostat.

Temperature monitor and temperature settings (if so equipped) should be accurate within 1°C for servo-controlled humidifiers (other units are not calibrated). The maximum temperature of any humidifier should not be higher than that specified by the manufacturer. (We believe that the maximum obtainable temperature should not exceed 40°C. 



Low-Temperature Alarms.

Using the same setup as in Output Temperature task, verify the functions and the accuracy of low-temperature alarms and indicators. The alarm should activate if output gas temperature exceeds the alarm set point by more than 1°C. Some humidifiers alarm if they detect room-temperature gas (although this may not occur until after several minutes of operation on some humidifiers); other units have a user-selectable low-temperature alarm.



High-Temperature Alarms.

Using the same setup as in Output Temperature task, verify that the high-temperature alarm activates whenever the output gas temperature exceeds the alarm set point by more than 1°C. If the humidifier has an adjustable high-temperature alarm, verify alarm function at a low and high alarm setting.



Preventive Maintenance: 
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