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Used For:
Manometer Sets, Venous, Central/Peripheral [10-776]
Monitoring Systems, Physiologic, Acute Care  [12-647]

Monitors, Bedside  [20-169]

Monitors, Bedside, Blood Pressure  [16-764]

Monitors, Bedside, Physiologic  [20-170]

Monitors, Bedside, Physiologic, Configured  [20-172]

Monitors, Bedside, Physiologic, Modular  [20-171]

Monitors, Bedside, Physiologic, Modular/Configured  [20-173]

Monitors, Bedside, Physiologic, Neonatal  [15-791]

Monitors, Bedside, Respiration, Carbon Dioxide/Oxygen  [17-444]

Monitors, Bedside, Respiration, Exhaled Carbon Dioxide  [16-938]

Monitors, Bedside, Respiration/Anesthetic Gas  [17-445]

Monitors, Bedside, Temperature  [14-034]

Monitors, Patient Transport  [17-588]

Oximeters, Pulse  [17-148]

Physiologic Monitor Modules [20-770]

Physiologic Monitor Modules, Invasive Blood Pressure [20-772]

Physiologic Monitor Modules, Multiparameter [20-784]

Physiologic Monitor Modules, Noninvasive Blood Pressure [20-773]

Physiologic Monitor Modules, Pulse Oximetry [20-781]

Physiologic Monitor Modules, Temperature [20-779]

Physiologic Monitor Modules, Transcutaneous Blood Gas [20-780]

Sphygmomanometers, Electronic  [16-157]

Sphygmomanometers, Electronic, Automatic  [16-173]

Sphygmomanometers, Electronic, Manual [16-174]

Thermometers, Electronic, Thermistor/Thermocouple, Patient [14-035]




Commonly Used In: 
Operating rooms, emergency departments and vehicles, critical care units, intermediate care areas, and other special care areas.

Scope: 
Applies to physiologic monitors that provide either a single parameter or a combination of the following: electrocardiography (ECG), pulse oximetry, noninvasive blood pressure, invasive blood pressure, temperature, capnometer and medical gas monitors, and/or transcutaneous oxygen or carbon dioxide. This procedure can apply to bedside, transport, or vital signs monitors and be adapted for use with central stations. It does not apply to ECG arrhythmia monitors or to monitors in defibrillators (see Defibrillators, Procedure 408). Note: Single parameter procedures exist for pulse oximeters (Procedure 451), blood pressure monitors-electronic indirect (Procedure 454), temperature monitors/electronic thermometers (Procedure 425), capnometers and multiple medical gas monitors (Procedure 450), and transcutaneous oxygen and carbon dioxide monitors (Procedure 453).

Risk Level: High

	Type
	Interval
	Time Required



	Major
	12 Months
	0 hours



	Minor
	0 NA
	0 hours







Overview: 
Multiparameter physiologic monitors are routinely used on patients when under anesthesia, after surgery, and in the intensive care environment. These monitors display a range of patient physiologic parameters such as electrocardiogram (ECG), pulse oximetry (SpO2), noninvasive blood pressure (NIBP), invasive blood pressures (IBP), temperature, and transcutaneous oxygen/carbon dioxide (tcpO2/CO2) so that those attending the patient can continuously observe the patients vital signs. Monitors are only used to display a patient's basic cardiac rhythm; they do not need to meet the accuracy and fidelity criteria expected of electrocardiographs. Patients' inhaled and exhaled gases are also monitored when in surgery and under anesthesia. 

Test Apparatus, Supplies, Parts: 

· Electrical safety analyzer


· ECG simulator (calibrated output amplitudes and rates are required for some tasks)


· Transparent metric scale (ECG)


· SpO2, pulse rate, and pulse waveform simulator (optional, but recommended for pulse oximetry testing)


· Calibrated pressure gauge or meter (0 to 300 mm Hg) (NIBP)


· Stopwatch or watch with a second hand


· NIBP simulator/tester (optional) 


· Y-connector compatible with cuff tubing connectors (NIBP) 


· Cylindrical object to simulate an arm (e.g., can or pipe) with a 3 in to 4 in outer diameter (NIBP)


· Adult pressure cuff with squeeze bulb (NIBP) 


· IBP transducer simulator 


· Reference thermometer 


· Constant temperature water bath with a temperature range of 30° to 45°C (thermometers) 


· Patient probe simulator (optional for thermistor thermometers) 


· tcpO2/CO2 manufacturer's recommended calibration equipment


· Water bath or tcpO2/CO2 manufacturer's patient simulator

Special Precautions: 
Testing monitor isolation requires the use of a line voltage source. Although this source should include a current-limiting resistor, use caution to avoid contact with any portions of the energized circuit.

Inspection testing may deplete the battery of battery-powered units. Ensure that a replacement unit or a fully charged battery is available before you begin testing.

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.

This procedure is designed to cover multiple physiologic parameters. Qualitative and quantitative tasks that are applicable to all units are followed by parameter-specific tasks. When a task does not apply to all parameters, its title is followed by the parameter(s) it addresses in parentheses. In performing an inspection, it may be easier to combine testing of some of the qualitative and quantitative tasks (e.g., alarms).

Use a separate inspection form to record results for each display of a system (e.g., central station and other remote displays). Verify interactive functions from each bedside (e.g., central station alarm sounds, chart recorder activates when heart rate exceeds set limits). Test displays for each bedside separately, but test common elements (e.g., quality of central chart recorder tracing) from only one bedside. This is most easily accomplished with two people.

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



Mount/Fasteners.

If the monitor is mounted on a bracket, ensure that the monitor is securely fastened to the bracket and that there are no impending signs of failure of the bracket. Ensure that the mounting technique is appropriate for the weight of the monitor and that the assembly and weight distribution is stable.  

If the monitor is mounted on a wall or boom, it should be in a position and height where it can be easily viewed, adjusted, and used by clinical personnel and where it will not be bumped or hinder access to the patient for routine or emergency care. (Generally, objects should not be mounted over a patient.)  If the bracket has a movable arm, make sure that it has full range of motion. 

If the monitor is mounted on a roll stand or cart, ensure that the monitor will not tip over when pushed or when a caster is jammed on an obstacle (e.g., line cord, threshold), as may occur during transport. If the monitor is designed to rest on a shelf, ensure that it has nonslip legs or supports.



Casters/Brakes.

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



AC Plug.

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.



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.



Fan.

If the monitor has a fan, check it for quiet operation and for accumulated dirt/ dust. 



Controls/Switches.

Examine all controls and switches for physical condition, secure mounting, and correct motion. Check membrane switches for membrane damage (e.g., from fingernails, pens). During the course of the inspection, check that each control and switch performs its proper function.

Check alignment of touchscreen sensors. Verify that functions are activated when the center of the desired function box is touched. 



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.

Perform the inspection with the monitor on battery power or operate the unit on battery power for several minutes to check that the batteries are charged and can hold a charge. Check battery capacity by activating the battery test function or measuring the output voltage. When it is necessary to replace a battery, label it with the date. Check the condition of the battery charger and, to the extent possible, confirm that it does, in fact, charge the battery. 



Self-Test.

Most monitors perform an automated self-test function when the unit is turned on. In addition, many have autotest capabilities that are accessed through a configuration menu that typically requires hidden keystrokes. Such features should be exercised and verified when present. 



Time/Date Settings.

Verify that the monitor's time and date settings 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.



Recorder / Printer.

If the monitor has a recorder or printer, confirm that it operates smoothly, that the paper feeds evenly and does not stray from side to side, and that the trace is of good quality (i.e., dark and thin) and that QRS pulses or other repetitive simulated signals are evenly spaced at all paper speeds.



Labeling.

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



Accessories.

Verify that an adequate supply of accessories (e.g., ECG electrodes, recorder paper, probes, transducers, breathing circuit adapters, sampling lines, water traps/filters) including spares are stored with the unit or in the nursing unit. 

Use of improperly sized accessories (e.g., SpO2 probes, blood-pressure cuffs) can cause significant errors in measurements such as blood pressure, SpO2, etc. Clinical personnel should be instructed never to substitute an improper accessory. Verify that appropriate accessories either are stored with the unit or are readily available (e.g., at a nearby nursing station). These should correspond to physical characteristics of the patients on whom the instrument is likely to be used (e.g., smaller cuffs in a pediatric area).



Cables (ECG).

Inspect the patient cable and leads and their strain reliefs for general condition. Examine cables carefully to detect breaks in the insulation and to ensure that they are gripped securely in the connectors of each end to prevent rotation or other strain. Connect the unit to an ECG simulator and verify that a clean (i.e., noise-free) ECG waveform is displayed on the monitor's screen. Flex the patient cable near each end to verify that there are no intermittent faults (e.g., leads off messages/alerts).



Cables (SpO2, IBP, Temp, Capnometers, tcpO2/CO2).

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. Note: Pulse oximeters that are MRI-compatible have fiberoptic cables. Avoid over-flexing fiberoptic cables to prevent breakage. 



Tubes/Hoses/Bulbs (NIBP).

Check the condition of all tubing, all hoses, the cuff, and the bulb (if present). Be sure that they are not cracked or kinked. 



Fittings/Connectors (ECG, SpO2, IBP, Temp, Capnometers, tcpO2/CO2).

Examine all fittings and connectors (including gas sample inlet or exhaust port connectors as appropriate) for general condition. Fittings should be tight (or within manufacturer's specifications) and should not leak. Electrical contact pins or surfaces should be straight and clean. Verify that leads, electrodes, probes, sensors, sampling lines etc. are firmly gripped in their appropriate connectors. If keyed connectors are used, make sure that the keying is correct.



Fittings/Connectors (NIBP).

Examine all fittings and connectors for general condition. Fittings should be tight (or within manufacturer's specifications) and should not leak. If keyed connectors are used, make sure that the keying is correct. When possible, ensure use of connector designs (e.g., locking connectors) that reduce disconnections. Check connectors for unintentional interchangeability; verify where possible, that nonintravenous/nonintravascular equipment connectors and accessory connectors will not mate with Luer connectors. 



Sensors/Sampling Lines (Capnometers).

Examine these for general condition. If disposable sampling lines are used, verify that an adequate supply is available.



Filters (Capnometers).

Check the condition of all gas (air) filters. Clean or replace if appropriate, and indicate this on the inspection form. (Some manufacturers recommend annual filter replacement even if the filter appears clean.) 



Pump (Capnometers).

Check the physical condition and proper operation of the pump. Clean and lubricate if required, and note this on the inspection form.  



Leak Check (Capnometers).

Cap or terminate the input end of the monitoring line and check for flow at the output end. If there is any flow, this indicates a leak, which must be located and repaired.



Indicators/Displays (ECG).

During the course of the inspection, confirm the operation of all lights, indicators, meters, and visual displays on the monitor and the charger (if appropriate). Observe a simulated ECG signal on the display, and verify compliance with the following criteria:

The baseline should be flat. Interference of 50/60 Hz or other noise should not be superimposed on the baseline with the ECG simulator attached. 

Set the simulator to a sinus rhythm and a heart rate of 100 bpm.  All portions of a simulated ECG waveform should be clear and visible, including the P-wave and QRS. The heart rate value should be 100 bpm ± 2 bpm.

Ambient light should not affect the visibility of the trace. (If monitors are located so that ambient light reflects from the face of the display, making the ECG difficult to see, try adjusting the display brightness and/or contrast.) 



Indicators/Displays (SpO2).

Verify the operation of all lights, indicators, and visual displays on the monitor 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 monitor can be set to produce an audible tone with each detected pulse, if so equipped.

Connect the pulse oximeter probe to a finger or to a simulator, and verify that reasonable SpO2 values 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. If a plethysmogram waveform is displayed, all portions should be clear and visible; confirm that no excessive noise is present.



Indicators/Displays (NIBP, IBP, tcpO2/CO2).

Confirm the operation of all lights, indicators, meters, gauges, and visual displays on the monitor. Be sure that all segments of a digital display function. 



Indicators/Displays (Temp).

During the course of the inspection, confirm the operation of all lights, indicators, meters, and visual displays on the thermometer and charger, if so equipped.

Check that all digits light in digital displays either by observing the changing temperature readings as the probes warm during the water bath accuracy task or by varying the probe simulator through its range. Confirm that a "1" can be displayed in the hundreds position of a Fahrenheit display.



Indicators/Displays (Capnometers).

Confirm the operation of all lights, indicators, meters, gauges, and visual displays on the monitor. Be sure that all segments of a digital display function and that the monitor displays waveforms and trending information. 

Connect a clean airway adapter and sampling line to the monitor, and inhale and exhale through the adapter before stopping. Verify that the monitor displays a respiration rate and that the CO2 waveform indicates the breaths. 



User Calibration (NIBP, Capnometers, tcpO2/CO2).

Verify that the calibration function operates.



User Calibration (IBP).

Verify that the zero-adjustment and any calibration controls function properly.

Zero the monitor with a transducer or transducer simulator attached, making sure that the zero adjustment is not at an extreme setting. Confirm that the calibration function operates and that the calibration or gain adjustment, if user adjustable, provides an adequate range on both sides of the correct adjustment point.

Some monitors have a calibration resistor inside the transducer cable connector. With such units, the monitor's calibration function will not operate with a transducer simulator, which does not usually include this calibration resistor. Use the transducer intended for use with the monitor for this task.



User Calibration (Temp).

Confirm that the calibration function operates. If the thermometer has an external calibration adjustment, verify that the control can be set to a point that brings the thermometer within calibration and that this setting is not near the end of its range. A setting near the end of its range may indicate that the thermometer requires battery replacement or an internal adjustment. 



Alarms (ECG).

Verify that configurable alarm features are appropriately set and consistent among all monitors (i.e., within a patient care unit) and that alarms are loud, distinctive, and/or bright enough to be noticed in the environment in which the monitor will normally be used. If a remote alarm-indicator is required, verify that it is available and functioning. Audible alarm-volume controls should not allow the alarm to be turned off or lowered to an indiscernible volume unless the monitor is networked to a central station monitor.

Operate the monitor in such a way as to activate each audible and visual alarm. Check for adequate alarm tone volume and any associated features, such as automatic direct writer activation or display freeze function. Silence the active alarm and measure the time it takes for the alarm to sound again. Check bed-to-bed and bed-to-central station alarm networking (where appropriate). 

Review arrhythmia alarm settings and make sure they are consistent with the accepted settings of the care unit in which the monitor is used. 



Alarms (SpO2).

Verify that configurable alarm features are appropriately set and consistent among all monitors (i.e., within a patient care unit) and that alarms are loud, distinctive, and/or bright enough to be noticed in the environment in which the monitor will normally be used. If a remote alarm-indicator is required, verify that it is available and functioning. Audible alarm-volume controls should not allow the alarm to be turned off or lowered to an indiscernible volume unless the monitor is networked to a central station monitor.

Operate the monitor in such a way as to activate each audible and visual alarm. Check for adequate alarm tone volume and any associated features, such as automatic recorder activation or display freeze function. Silence the active alarm and measure the time it takes for the alarm to sound again. Check bed-to-bed and bed-to-central station alarm networking (where appropriate).

Attach a probe to a finger or an earlobe or to a simulator, and set pulse rate and SpO2 alarm limits so that visual and audible alarms are activated. Verify that the alarm occurs within 1% SpO2 or 3 beat per minute of the setting. 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.



Alarms (NIBP).

Verify that configurable alarm features are appropriately set and consistent among all monitors (i.e., within a patient care unit) and that alarms are loud, distinctive, and/or bright enough to be noticed in the environment in which the monitor will normally be used. If a remote alarm-indicator is required, verify that it is available and functioning. Audible alarm-volume controls should not allow the alarm to be turned off or lowered to an indiscernible volume unless the monitor is networked to a central station monitor.

Operate the monitor in such a way as to activate each audible and visual alarm. Check for adequate alarm tone volume and any associated features, such as automatic recorder activation or display freeze function. Silence the active alarm and measure the time it takes for the alarm to sound again. Check bed-to-bed and bed-to-central station alarm networking (where appropriate).

Verify the operation of any associated alarm functions (e.g., auto deflate). It may not be possible to check out all alarms at this time, since some may require abnormal operating conditions that will be simulated later in this procedure. 



Alarms (IBP).

Verify that configurable alarm features are appropriately set and consistent among all monitors (i.e., within a patient care unit) and that alarms are loud, distinctive, and/or bright enough to be noticed in the environment in which the monitor will normally be used. If a remote alarm-indicator is required, verify that it is available and functioning. Audible alarm-volume controls should not allow the alarm to be turned off or lowered to an indiscernible volume unless the monitor is networked to a central station monitor.

Operate the monitor in such a way as to activate each audible and visual alarm. Check for adequate alarm tone volume and any associated features, such as automatic recorder activation or display freeze function. Silence the active alarm and measure the time it takes for the alarm to sound again. Check bed-to-bed and bed-to-central station alarm networking (where appropriate). It may not be possible to check out all alarms at this time, since some may require abnormal operating conditions that will be simulated later in this procedure.



Alarms (Temp).

Verify that configurable alarm features are appropriately set and consistent among all monitors (i.e., within a patient care unit) and that alarms are loud, distinctive, and/or bright enough to be noticed in the environment in which the monitor will normally be used. If a remote alarm-indicator is required, verify that it is available and functioning. Audible alarm-volume controls should not allow the alarm to be turned off or lowered to an indiscernible volume unless the monitor is networked to a central station monitor.

Operate the monitor in such a way as to activate each audible and visual alarm. Check for adequate alarm tone volume and any associated features, such as automatic recorder activation or display freeze function. Silence the active alarm and measure the time it takes for the alarm to sound again. Check the measured time against the manufacturer's specifications. Check bed-to-bed and bed-to-central station alarm networking (where appropriate).

Activate the probe-disconnect alarm, if so equipped, by unplugging the probe. If operation of some of the alarms cannot be verified at this time (e.g., high and low temperature) check them during the quantitative tasks.



Alarms (Capnometers).

Verify that configurable alarm features are appropriately set and consistent among all monitors (i.e., within a patient care unit) and that alarms are loud, distinctive, and/or bright enough to be noticed in the environment in which the monitor will normally be used. If a remote alarm-indicator is required, verify that it is available and functioning. Audible alarm-volume controls should not allow the alarm to be turned off or lowered to an indiscernible volume unless the monitor is networked to a central station monitor.

Operate the monitor in such a way as to activate each audible and visual alarm. Check for adequate alarm tone volume and any associated features, such as automatic recorder activation or display freeze function. Silence the active alarm and measure the time it takes for the alarm to sound again. Check bed-to-bed and bed-to-central station alarm networking (where appropriate).  It may not be possible to check out all alarms at this time, since some may require abnormal operating conditions. 

For gas concentration alarms set the gas alarm limits so that the concentration in the calibration gas will exceed the limits (i.e., set the high-concentration alarm limits below the calibration gas concentrations and the low-concentration alarm limits above the calibration gas concentrations). Deliver the calibration gas to the monitor. Verify that visual and audible high-concentration and low-concentration alarms activate. 

For occlusion alarms obstruct the sampling line and verify alarm activation. Occlusion alarms are not typically set to activate at zero flow; refer to manufacturer specifications and verify appropriate activation.



Alarms (tcpO2/CO2).

Verify that configurable alarm features are appropriately set and consistent among all monitors (i.e., within a patient care unit) and that alarms are loud, distinctive, and/or bright enough to be noticed in the environment in which the monitor will normally be used. If a remote alarm-indicator is required, verify that it is available and functioning. Audible alarm-volume controls should not allow the alarm to be turned off or lowered to an indiscernible volume unless the monitor is networked to a central station monitor.

Induce alarm conditions for each alarm below, and verify that the monitor operates properly and activates an audible and visual alarm when a limit has been exceeded. Verify that reset silenced alarms reactivate. 

Using the tcpO2/CO2 Temperature Control quantitative task setup, continue to increase the simulator temperature; the high-temperature alarm should activate when the simulator temperature exceeds the set point by 0.5°C.

Detach the probe from a simulator that has heated to the monitor's set temperature, and verify that the low-temperature alarm activates when the displayed temperature is 0.5°C below the set temperature.

Set the high and low gas concentration alarm limits so that they are exceeded when the probe is exposed to either ambient air or an exhaled breath. The sensor may have to be exposed to a zero gas (e.g., N2) to activate the low tcpO2 alarm. Observe alarms.

Verify that the site timer is operational and activates an alarm.

If the monitor indicates any other alarm condition, induce the alarm and verify that the alarm condition is indicated by the monitor. 



Pressure Modes (IBP).

Verify that the monitor correctly indicates systolic, diastolic, and mean pressures by switching the transducer simulator between two pressure settings and noting that the indicated pressure in the systolic mode is highest, the mean pressure lower, and the diastolic pressure lowest. The pulse pressure, if available, should be the difference between the systolic and diastolic pressures. (A more quantitative and reproducible test can be performed if a transducer simulator with a dynamic pressure waveform output is available. However, this qualitative test is adequate; purchase of a dynamic simulator is not required solely for this test.)

Because some monitors do not compute the true mean, the indicated mean value may vary depending on the waveform and monitor used.



Accessories (NIBP).

All cuffs should be clean and in good condition with no torn stitching. Look for signs of degradation or cracking of the bladder. Check that Velcro closures hold firmly. 



Accessories (Temp).

Probe covers should be stored with the thermometer. Notify clinical personnel if the covers are missing or are stored incorrectly (e.g., in a manner that will not protect their cleanliness). A used cover should not be left on the probe after testing.



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.  



Rate Calibration (ECG).

Using simulated ECG rates of 60 and 120 pulses per minute, verify that the heart rate indicator displays a rate within 5% or 5 bpm, whichever is greater, of the set rate (55 to 65 bpm, 114 to 126 bpm). Verify that the QRS visual and audible indicators are functioning. 



Rate Alarm (ECG).

Use the same setup as for the previous task. For typical low- and high-rate alarm settings of 40 and 120 bpm, respectively, verify that the alarm activates when the input rate is set just below or above the respective rate alarm settings.



Air Leakage (NIBP).

Use an NIBP simulator or wrap the cuff around a simulated limb. Inflate the cuff (use the calibration function) to about the maximum scale indication. Read the indicator after 1 min to determine the rate of pressure loss in mm Hg/min. This rate should not exceed 15 mm Hg/min. If it does, recheck all fittings and repeat the task.
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Figure 1. Test setup.

If a unit does not allow testing this way, wrap the cuff around a simulated limb. Connect the blood pressure set to a calibrated gauge or meter as shown in Figure 1.



Static Pressure Accuracy (NIBP).

Use an NIBP simulator or connect the blood pressure set to a pressure gauge or meter as shown in Figure 1. Inflate the system to around 200 mm Hg with either the squeeze bulb or the unit's calibration mode. The readings on the unit and the test device should not differ by more than 3 mm Hg. Repeat the task for a pressure around 120 mm Hg and 80 mm Hg.



Pressure Accuracy (IBP).

This task checks the monitor's accuracy and linearity. Connect the transducer simulator to the monitor. If the initial reading is not 0 mm Hg, zero it. Simulate a low, high, and maximum pressure (e.g., 10 mm Hg, 100 mm Hg, and 200 mm Hg). Displayed pressure should be within 2% of simulated values (or 1 mm Hg at pressures below 50 mm Hg).



Alarm Accuracy (IBP).

Set the alarm at appropriate low and high settings (e.g., 100 and 180 mm Hg, respectively), and test for the actual alarm values by varying the simulated pressure. Alternatively, set an appropriate simulated pressure and raise and lower the low and high alarm settings, respectively, until the alarm activates. The monitor should alarm within 2% of the set value.

Note: Many monitors have an alarm delay (up to about 11 sec), which must be taken into account when conducting this test.



Temperature Accuracy, Predictive Mode (thermistor thermometers) (Temp).

Check approximate accuracy by taking an oral temperature. Compare the electronic thermometer reading with the reading taken with a mercury thermometer on the same person at about the same time. Expect discrepancies of several tenths of a degree Celsius with this method. Larger errors or inconsistent results may result from improper user technique with either thermometer. Improper technique may include failure to leave the mercury thermometer in place long enough (3 to 8 min), incorrect placement of the probe and/or the glass thermometer, repeating an electronic thermometer measurement before the probe has cooled sufficiently, and repeating an electronic thermometer measurement without replacing the probe cover.

Thermometers that also allow operation in a steady-state mode facilitate assessment of the predictive mode and can be tested with a water bath. However, this steady-state task does not check all of the predictive circuitry. See the thermometer's operating manual for specific instructions for activating the steady-state mode and for specifications and directions for testing. 



Temperature Accuracy, Steady-State Mode (thermistor thermometers) (Temp).

Test the accuracy of the thermometer in a water bath of known temperature or with a patient probe simulator. Check accuracy at 35°C (95°C), 37°C (98.6°F), and 39°C (102.2°F). Check thermometers intended for wide temperature range applications (e.g., hypothermia monitoring) at temperatures near the high and low extremes of the range.

If a patient probe simulator is not available, use a thermostatically controlled constant temperature water bath for accuracy measurements. Alternatively, hot and cold tap water can be mixed in an insulated cup or beaker or a thermos flask to achieve the desired test temperatures. Use a precision thermometer to measure the water temperature. If a mercury-in-glass calibration thermometer is used, submerge it to the recommended depth to ensure a correct reading. Vary the temperature by adding hot or cold water as needed. Stir the water frequently and allow sufficient time for the temperature probe and the calibration thermometer to equilibrate at the water temperature before taking readings and comparing them. Fluctuating or decreasing water bath temperature may cause errors if the response times of the electronic thermometer being tested and the calibration thermometer differ greatly or if the thermometer being tested is the type that reads the maximum temperature during a measurement. When inspecting multiple thermometers, use three vessels to establish the three test temperatures at the same time to avoid the necessity of changing the temperature. Also, if conditions permit, save time by placing the probes of all the thermometers to be tested in the same bath simultaneously.

If a patient probe simulator is used, remember that the simulator tests only the circuitry and not the probe itself; therefore, probe operation and accuracy must still be tested for at least one temperature. A convenient method is to dip all probes simultaneously into one body-temperature water bath, allow them to equilibrate, and successively plug each into the same pretested thermometer unit or module. All probes should give the same temperature reading. Some variation is normal because the water temperature varies slightly with location in the bath and the water gradually cools with time.

Steady-state thermometers should be accurate within 0.3°C (0.5°F) or within manufacturers' specifications, with some allowance for possible errors in the measuring system. 



Temperature Alarms (Temp).

This task checks the high- and low-temperature alarms of monitoring modules. Set the low-temperature alarm below 35°C and dip the probe in a 35°C water bath, or set the simulator at the equivalent resistance. Slowly increase the alarm setting until the alarm activates. Record the final alarm setting and the actual water bath temperature. They should be within 0.6°C.

Set the high-temperature alarm above 39°C, and place the probe in a 39°C water bath or use the probe simulator. Slowly decrease the alarm setting until the alarm activates. Record the alarm setting and the actual water bath temperature. They should also be within 0.6°C.



Oxygen Concentration Accuracy (Capnometers).

Deliver calibration gas containing O2 to the monitor, and record the delivered and displayed O2 concentrations. The display should be within 2 vol% or within 5% of the expected value, whichever is greater. If the gas concentration display is inaccurate, calibrate the monitor. (Note: Vol% refers to the absolute value versus % of value. For example, a 5% [of value] error at 40 vol% of O2 is the same as a 2 vol% error.) Note: The manufacturer may provide an attachment for this task.  



Carbon Dioxide Concentration Accuracy (Capnometers).

Deliver calibration gas containing CO2 to the monitor, and record the delivered and displayed CO2 concentrations. The display should be within 0.4 vol% (±3 mm Hg) or within 10%, whichever is greater, of the delivered concentration. 



Halogenated Agent Concentration Accuracy (Capnometers).

Select an agent on the monitor, and deliver calibration gas containing that agent to the monitor. Record the delivered and displayed agent concentrations. The display should be within 0.25 vol% of the delivered concentration.



Nitrous Oxide Concentration Accuracy (Capnometers).

Deliver calibration gas containing N2O to the monitor, and record the delivered and displayed N2O concentrations. The display should be within 5 vol% or within 10%, whichever is greater, of the delivered concentration. 



Sampling Flow Accuracy (Capnometers).

Attach a flowmeter to the sampling inlet, and verify the sampling flow at the highest flow setting. The flow rate should be within the manufacturer's specified range. 



Temperature Control (tcpO2/CO2).

If a patient simulator is available from the manufacturer, secure the probe to the simulator. If a simulator is not available, a water bath can be used to simulate the patient's skin temperature. Select a commonly used set-point temperature on the monitor. With the simulator temperature initially set at 30°C, verify that the heater indicator shows that the heater is on. Increase the temperature of the simulator. When the simulator temperature reaches the set-point temperature (within 0.1°C), the heater indicator should be off. 



Temperature Display Accuracy (tcpO2/CO2).

The surface temperature display should be within 0.3°C of the simulator temperature. 



Oxygen Display Accuracy (tcpO2/CO2).

Expose the probe to calibration gas containing O2 and verify that the display is within ±5 mm Hg or 10%, whichever is greater, of the actual concentration.



Carbon Dioxide Display Accuracy (tcpO2/CO2).

Expose the probe to calibration gas containing CO2 and verify that the display is within ±5 mm Hg or 10%, whichever is greater, of the actual concentration. 



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



Clean (Capnometers).

Clean the internal sampling line per the manufacturer's recommendations, if required.



Lubricate.

Lubricate the chart recorder paper drive and/or any capnometer pumps per the manufacturer's recommendations, if required. 



Replace.

Replace components (e.g., water traps, tubing, hoses, connectors, cuffs, calibration gas tanks and batteries), if required. Some monitors have air filters that accompany the cooling fan. These filters should be checked and replaced if needed.

If any of the test procedures indicate a weak or defective battery, even after charging for 12 hr or more, replace the battery. Some users report that periodic, prophylactic battery replacement, either annually or every other year, increases reliability and decreases service calls. If the battery is replaced, mark the date of the replacement on the battery or monitor. Perform the inspection after battery replacement and a suitable charge period. 



Replace (Capnometers).

Replace O2 cell, air filters, water traps, and the CO2 absorber, if needed. Record the replacement date on the O2 cell label before installing it in the monitor. 



Calibrate.

Calibrate per manufacturer's instructions.
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