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Procedure No. 451-20081015-01 ( Major ) Pulse Oximeters
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Used For:
Oximeters, Pulse  [17-148]



Commonly Used In: 
All patient care areas, including emergency vehicles; most commonly used in operating rooms, recovery rooms, critical care units, NICUs

Scope: 
Applies to stand-alone pulse oximeters. See Mutliparameter Physiologic Monitors Procedure 493 for pulse oximeter modules in patient monitoring systems. 

Risk Level: High

	Type
	Interval
	Time Required



	Major
	12 Months
	0 hours



	Minor
	0 NA
	0 hours







Overview: 
Through continuous, noninvasive monitoring, pulse oximetry provides  indication of a patient's changing level of oxygenation, before significant hypoxia occurs. Pulse oximeters are very easy to understand and use, and have reduced the frequency of arterial blood analysis, thereby eliminating many costly procedures.

Pulse oximeters use the principle of differential light absorption to determine the percent oxygen saturation of hemoglobin in arterial blood (SpO2; this value is referred to as SpO2 when determined from an arterial blood sample). Two different wavelengths of light are transmitted from a probe through a pulsating arterial bed, usually in the finger. Both disposable (single-use) and reusable probes are available. To accomodate different patients (e.g., adult, pediatrics, neonates) and different clinical needs, sensors often are available for different sensor sites (e.g., foot, toe, ear). Probes that are based on reflectance (rather than transmittance) are also available and typically attach to the forehead.

The two wavelengths of light (red and infrared) used by the pulse oximeter are differentially absorbed by oxygenated hemoglobin (O2Hb) and deoxygenated hemoglobin (HHb). The absorption characteristics of O2Hb and HHb differ markedly at the red wavelength and are more similar at the infrared wavelength. Based on the relative absorption of the two wavelengths in the measurement site, the pulse oximeter determines the relative amount of oxygenated and deoxygenated hemoglobin and displays the calculated SpO2. Several manufacturers have developed advanced signal-processing technologies that handle low signal-to-noise ratios associated with patient motion and low perfusion.

Pulse oximeters also display pulse rate, and some indication of the amplitude or quality of the pulse signal. Quality of the pulse signal is usually in the form of a numeric display or a bar-graph display, which changes with each pulse, or a plethysmogram waveform that corresponds to the patient's pulse waveform. The plethysmogram waveform is typically generated from the signal received (after processing) from the infrared LED. Pulse oximeters also have alarms for high and low SpO2 and pulse rate probe disconnections and often for low signal quality.

Some pulse oximeter manufacturers sell pulse waveform simulators for approximately $500 that attach to the unit to verify internal calibration. These simulators input signals that correspond to one or more specific SpO2 and pulse rate values.

Other pulse oximeter test devices are available for approximately $3,500 that simulate SpO2 and pulse rate. These devices can be used to verify proper operation and dynamic performance of various model pulse oximeters and probes. Many of the units are compatible with a wide range of pulse oximeters and offer some or all of the following features: simulation of various SpO2 and pulse rate values; pulse amplitude; ambient light; motion artifact; various patient conditions and adjustable settings to simulate skin color and tissue thickness; ECG synchronization testing; the ability to test probes for open/short circuits and intermittent problems; data logging and storage; and printing interface/capabilities.

Simulators do not test the clinical accuracy of pulse oximeters, since the signals generated by the simulators are based on pulse oximeter specifications and are not true simulations of patient conditions. Simulators provide added convenience when performing this inspection procedure. While they may be expensive, they are recommended, but are not required for this procedure.

Test Apparatus, Supplies, Parts: 

· Electrical safety analyzer


· Pulse waveform simulator (if available from the manufacturer)


· SpO2 and pulse rate simulator (optional but recommended)

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 exterior of the oximeter 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 oximeter 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.



AC Plug/Receptacles.

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.

If the oximeter has electrical receptacles for accessories, verify presence of line power; 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 receptacles.



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 the 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. If the line cord is detachable (by the user), affix the cord to the oximeter so that it cannot be removed by the operator.



Cables.

Check any cables (e.g., that connects to a probe) and their strain reliefs for general condition. Carefully examine cables to detect breaks in the insulation and to ensure that they are gripped securely in the connectors at each end to prevent rotation or other strain. Verify that there are no intermittent faults by flexing 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. Verify that probe cable connectors are firmly gripped in their appropriate connectors. If keyed connectors are used, make sure that the keying is correct.



Probes.

If disposable probes are used, confirm that an adequate supply is available. Check the integrity of all reusable probes (see also the Cables task). Confirm that any necessary electrodes and/or transducers (e.g., for multigas monitors) are on hand and check their physical condition.



Controls/Switches.

Before changing any controls or alarm limits, check their positions. If any settings appear inordinate (e.g., alarm limits at the ends of their range), consider the possibility of inappropriate clinical use or of 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. 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 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.



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 oximeter 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. 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.

Verify the operation of all lights, indicators, and visual displays on the oximeter and charger, if so equipped. Be sure that all segments of a digital display function properly. Verify the function of integral or accessory printers and the quality of any output. Also verify that the oximeter can be set to produce an audible tone with each detected pulse, if so equipped.

Connect the pulse oximeter probe to the appropriate sensor site (for example a finger, earlobe) or to a simulator, and verify that a reasonable SpO2 value and pulse rate are displayed. The SpO2 for a healthy adult should fall between 95% and 100%. The displayed pulse rate should correspond to a manually palpated pulse (within 10%). If a simulator is used, test at several SpO2 and pulse rate values, if available. The displayed SpO2 and pulse rate should typically be within 1 digit of the simulated values. If a plethysmogram waveform is displayed, confirm that the signal corresponds to waveforms displayed in the operator's manual and that no excessive noise is present. If a pulse waveform simulator is available, verify that the oximeter displays appropriate SpO2 and pulse rates when attached to it.



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 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. 



Alarms.

Attach a probe to a finger or an earlobe or to a simulator, and set SpO2 and pulse rate alarm limits so that visual and audible alarms are activated. Verify that the alarm activates within 2 digits of the displayed SpO2 value and within 3 beats per minute of the pulse rate. If the oximeter has an alarm-silence feature, check the method of reset (e.g., manual or automatic) against the manufacturer's specifications. Remove the probe from fingertip or earlobe and verify that a probe disconnect or similar alarm occurs.



Audible Signals.

Operate the oximeter to activate any audible signals. Confirm appropriate volume, as well as the operation of a volume control, if so equipped. If audible alarms have been silenced or the volume set too low, alert clinical staff to the importance of keeping alarms at the appropriate level.



Labeling.

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



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.  



Preventive Maintenance: Clean.
Clean the exterior, if needed.
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