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Used For:
Incubators, Infant, Mobile [17-432]
Incubators, Infant, Transport [12-114]

Incubator/Radiant Warming Units, Infant, Mobile [18-857]




Commonly Used In: 
Delivery rooms, neonatal ICUs, nurseries, ambulances, and emergency transport aircraft

Scope: 
Does not apply to radiant warmers or transport radiant warmers (see Procedure 419). The latter procedure is used to supplement this procedure for incubators that can also be used as a radiant warmer.

Risk Level: High

	Type
	Interval
	Time Required



	Major
	12 Months
	0 hours



	Minor
	0 NA
	0 hours







Overview: 
Infant and transport incubators provide warmth to help an infant maintain a normal body temperature and are often essential for an infant's survival. Most incubators warm the infant by a forced or natural flow of heated air. Some units have double walls to reduce radiant heat loss. 

Infant incubators are designed primarily for in-hospital use at specific locations, operate on AC line power in a temperature-controlled indoor environment, and rest on relatively high movable stands. Transport incubators provide thermal support during transfer within the hospital or by car, ambulance, or aircraft to another hospital. Transport incubators are both portable and mobile; operate from a variety of power sources, including self-contained batteries; have stands that are relatively low or adjustable in height to fit into vehicles with restricted overhead clearance; and may be required to operate in ambient conditions much colder than those found in a hospital.

Because incubators are bulky and mobile, they routinely receive rough handling (especially transport units) that may degrade performance and physical condition.

Test Apparatus, Supplies, Parts: 

· Electrical safety analyzer


· Patient-probe simulator capable of simulating a range of temperatures as well as open- and short-circuited probe conditions (for incubators that use patient temperature probes)


· Reference thermometer accurate to within 0.1°C


· Hot-air gun or hair dryer

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.

Qualitative tasks: Chassis/Housing.
Examine the overall exterior condition of the chassis. Check that the control unit is clean, that all labels and markings are legible, and that no adhesive tape or tape residue is present. Remove any tape. Check all rubber or plastic gaskets in the incubator for signs of deterioration (e.g., cracks).

The hood condition is important for proper control of the infant's environment. Ensure that the hood is free of cracks, warping, or other signs of deterioration. Determine whether any parts are missing or incorrectly assembled. Examine all ports for proper alignment and sealing.

Remove the hood, bed, baffle, main deck, and other parts and thoroughly inspect the interior for foreign objects, deterioration, or misassembly of internal components that could interfere with performance. Look for contamination of the air supply and blocked air and/or humidity passages caused by improper placement of the humidity tray or gaskets.

Examine the humidity apparatus for deterioration, contamination, and missing or incorrectly assembled parts.



Fasteners.

Operate door/port latches and iris-type port closures to ensure proper function. Examine the iris diaphragms and port sleeves for tears. 



Casters/Brakes.

If the incubator moves on casters, check their condition. Remove accumulations of lint and thread from around the casters, and be sure that they turn and swivel, as appropriate. Check the operation of brakes and swivel locks if the incubator is so equipped. 



AC Plug/Receptacles.

Examine the AC power plug for 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.

If the incubator has electrical receptacles for accessories, insert an AC plug into each and check that it is held firmly. If accessories are plugged and unplugged often, consider a full inspection of the receptacle.



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. 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. Be sure that they are not cracked, kinked, or dirty. Inspect all oxygen orifices to make sure that they are clear and free of foreign matter.



Cables.

Inspect any cables (e.g., sensor) 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 electrical cables near each end and looking for erratic operation or by using an ohmmeter.



Connectors.

Examine all electrical cable connectors for general condition. Electrical contact pins or surfaces should be straight, clean, and bright.



Probes.

Examine all patient probes to ensure that they are clean and are not cracked, brittle, or otherwise deteriorated. If the hospital has more than one type of infant incubator, ensure that probe labels clearly identify the associated units. Improperly interchanged probes of different types or from different manufacturers may adversely affect temperature control.



Filters.

Inspect the air filter for signs of clogging; if the filter looks dirty, replace it and note this on the inspection form. Check the air-filter assembly to ensure that airflow is unimpeded. Clogged or improperly installed filters can raise the oxygen concentration above safe levels. Change filters regularly according to the manufacturer's recommendations, and record the date you install a new filter.

Attach an oxygen source with a flowmeter to each oxygen port and use your hand to feel that gas is flowing into the chamber. Vary the oxygen flow and check that manufacturer-specified maximum and minimum flow rates can be achieved.



Controls/Switches.

Before moving any controls and alarm limits, check their positions. If any of them appear inordinate (e.g., a temperature control turned to the end of its range), consider the possibility of inappropriate clinical use or incipient device failure. Record the settings of those controls that should be returned to their original positions following the inspection.

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.

Disassemble the heating unit enough to expose the heating element. Examine the element for severe discoloration or foreign deposits. Heating elements normally change color with use, but dark, distinct surface spotting may indicate that material has come into contact with the element, possibly after falling through the air duct. Foreign matter touching the hot surface could cause a fire or generate noxious fumes. If you find such discoloration, examine the control unit compartment for signs of overheating (e.g., darkening, blistering). If screw terminals connect the heating element to the control circuitry, check that they are tight.

Operate the heater to verify that heater controls function properly (e.g., that a variable temperature control does, in fact, cycle the heater off and on as the set point is varied).



Motor/Fan.

Inspect the fan blades for deterioration or damage, such as melting (if plastic), warping, or lost blades. Ensure that the fan is securely attached to its drive shaft and that the coupling is present and intact. Check that clearance between the fan and its housing is adequate by looking for signs of rubbing. In some cases, an improperly inserted control module and heater assembly in the incubator base has bent and disabled the fan, preventing air circulation and causing overheating.

Check the service manual to determine if the fan motor requires lubrication. Oil as recommended and note this on the inspection form. Check the sound level inside the incubator; noisy operation may indicate that the fan motor or housing assembly needs service.



Fluid Levels.

Check the water level in the humidification reservoir.



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. Each battery should have an identification number and an accurate log of operating time, recharges, service, and inspections to permit early detection of deteriorating performance. Operate the incubator on battery power for several minutes to check that the battery is charged and can hold a charge. Check remaining battery capacity by activating the battery test function. Check the condition of the battery charger, and to the extent possible, confirm that it does, in fact, charge the battery. When it is necessary to replace a battery, label it with the date.



Indicators/Displays.

Verify the operation of all lights, indicators, meters, gauges, and visual displays on the incubator and charger, if so equipped. Verify that all segments of a digital display function.



Self-Test.

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



Time/Date Settings.

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



Network/Wireless Intefaces.

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. 



User Calibration/Self Test.

Verify operation of these features, where applicable.



Alarms.

Operate the incubator in such a way as to activate each audible and visual alarm (e.g., power loss). Some alarms (e.g., over temperature) can be verified while performing related quantitative tasks. Confirm appropriate volume, as well as operation of a volume control if so equipped.

Check the action of the disconnected-probe alarm, if the incubator is so equipped. Also, if it has alarms for open- or short-circuited patient temperature probes, test these with open- and short-circuited probe plugs. If the incubator has an alarm-silence feature, check the method of reset (i.e., manual or automatic) against the manufacturer's specifications.



Labeling.

Check that labels clearly and concisely identify the functions of all controls, switches, and connectors. Because incubators may administer supplemental oxygen, they should carry a "warning—fire hazard" placard, since textiles, oils, and other combustibles ignite easily and burn intensely in oxygen-enriched air. Exposing an infant to high oxygen concentrations may cause retrolental fibroplasia and possible blindness. Thus, incubator labeling should also include the following: warning: exposing infants to elevated oxygen concentrations may cause blindness.



Hood Thermometer.

Check the hood thermometer for cracked glass and separation of the liquid column. If the liquid column has separated, it might be possible to consolidate it by removing the thermometer and carefully dipping it in hot water. Replace the thermometer if it is cracked.



Mattress.

If the mattress position is adjustable, check the ease of motion and security of the locking mechanism. Examine the mattress for cleanliness. 



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.



Safety Thermostat.

To test the operation of the safety thermostat and the high-temperature alarm, disable the primary thermostat or disconnect it from the control circuit (consult the manual to determine the necessary procedure) so that the heater remains on continuously. In some cases, this can be achieved by turning the temperature control to its maximum setting. It is possible to speed up the air-temperature rise by supplementing the incubator heater output with a hot-air gun or hair dryer. Record the hood thermometer indication and the true mid-hood air temperature at which the safety thermostat opens and the incubator's heater cuts off; incubator temperature should not exceed 40°C. Be careful not to heat the hood air too rapidly with the hot-air blower, or the mid-hood air temperature at the alarm point will be erroneously high. This is because the safety thermostat is often at some distance from the mid-hood area, downstream in the airflow, so that its temperature lags behind the mid-hood air temperature. Also, avoid blowing hot air directly at the thermometers. If a blower is used, deliver intermittent bursts of heat and pause for thermal stabilization. Reconnect the primary thermostat that had been disabled to perform this test.



Temperature Accuracy.

If the manufacturer does not provide instructions, use the following methods, which test both manual and automatic temperature controls. In the manual mode, the primary thermostat cycles the heater on and off or provides proportional heating to maintain a constant hood temperature. In the automatic mode, a patient probe senses the infant's skin temperature, and electronic circuits control the heater to keep the skin temperature constant at a clinically desirable level.

To test a manual control, position the reference thermometer 10 cm (4 in) above the center of the mattress, close the hood, set the temperature control to 37°C (mid-range), allow the incubator to warm up to thermal equilibrium, and record the hood thermometer reading and the true mid-hood air temperature during verification of the patient probe. Then, slowly lower and  the temperature control setting. The heater will should turn off and on, respectively.

To check an automatic control, first test the accuracy of the displayed patient-probe temperature. Connect the probe simulator and adjust it to 35°C and then 39°C. The displayed temperatures should be within 0.3°C, the probe may be defective. 

With the skin temperature control set at 37°C, slowly decrease and then increase simulated probe temperatures below and above 37°C. The heater should activate/deactivate within 0.5°C of the set point.



Skin-Temperature Alarms.

If the incubator is equipped with high and low skin-temperature alarms, verify that these alarms function. Adjust the skin temperature set point to 37°C. Adjust the patient probe simulator to 37°C and then gradually lower the temperature until the low alarm activates. Readjust the simulator to 37°C and then gradually increase the temperature until the high alarm activates. Alarm activation should be within 0.5°C of the temperature setting.



Air-Temperature Alarms.

If the incubator is equipped with high and low air-temperature alarms, verify that they are functional. Adjust the air-temperature (manual) temperature setting to 37°C and allow the air temperature to stabilize. Verify that the low air-temperature alarm (if so equipped) activates when the incubator hood is opened.

To verify the high air-temperature alarm, increase the temperature setting to 37°C. Slowly increase the air temperature with an external heat source (e.g., hair dryer or heat gun) and note the temperature when the high alarm activates. Incubator temperature should not exceed 39°C.



Hood Air Temperature.

Air temperature and hood thermometer readings from the Temperature Accuracy task should agree within 1°C.



Portable Power Supply (transport incubators only).

The portable power supply usually consists of a rechargeable battery, a recharging circuit, and associated wiring and connectors. It is essential to keep all parts in good condition to ensure the safe, effective operation of the transport incubator.

Battery types vary, and each requires a different inspection and preventive maintenance procedure. Types commonly used are lead-acid with sealed gelled-electrolyte, nickel-cadmium, and alkaline batteries.

If the incubator uses nickel-cadmium or gelled-electrolyte lead-acid batteries, turn the heater on after the batteries are fully charged, and measure the voltage under load initially and after 15 min of operation. Record the two values. If the voltage decreases more than 10% during this period, replace the battery.



Preventive Maintenance: Clean.
Clean the exterior and interior.



Lubricate.

Lubricate the fan assembly if required.



Calibrate.

Calibrate if needed



Replace.

Replace filter and battery if needed.
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