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Procedure No. 454-20081015-01 ( Major ) Noninvasive Blood Pressure Monitors
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Used For:
Sphygmomanometers, Electronic  [16-157]
Sphygmomanometers, Electronic, Automatic  [16-173]

Sphygmomanometers, Electronic, Manual [16-174]




Commonly Used In: 
All patient care areas

Scope: 
Applies to electronic noninvasive blood pressure monitors with  automatic cuff inflation; does not include manual sphygmomanometers (see Procedure 424) can be supplied to vital signs monitors that include NIBP measurement; see Multiparameter Physiologic Monitors (Procedure 493) for inspecting modular NIBPs.

Risk Level: Medium

	Type
	Interval
	Time Required



	Major
	12 Months
	0 hours



	Minor
	0 NA
	0 hours







Overview: 
Electronic sphygmomanometers noninvasively measure and display a patient's arterial blood pressure. The use of these units may help to overcome some of the problems associated with manual sphygmomanometry, such as variations in user techniques, hearing acuity, and the difficulty of obtaining measurements on hypotensive patients. In addition, many automatic blood pressure units can be programmed for readings at regular intervals and will sound an alarm if a patient's blood pressure exceeds preset limits. Some units can display heart rates based on the blood pressure waveform.

Arterial blood pressure measurement is an essential indicator of physiologic condition. As one of the most frequently used diagnostic tests, it is critical to the ongoing management of patients under anesthesia or undergoing drug and other therapies to determine the need for blood, a volume substitute (e.g., plasma expander), or a change in medication. Although invasive techniques for measuring blood pressure may provide greater accuracy and permit continuous measurement during cardiac and respiratory cycles, noninvasive techniques are most often used because of their low risk and simplicity, and they have proven sufficiently accurate for many clinical applications.

Two primary methods of determining blood pressure are used with noninvasive electronic blood pressure monitors. The auscultatory method uses a transducer under the occluding cuff to detect arterial sounds (Korotkoff sounds) as cuff pressure is gradually lowered from above the systolic pressure. This enables the system to directly determine both systolic and diastolic values but not mean arterial pressure (MAP). Some of these units display a MAP that is calculated from the systolic and diastolic values using an empirically derived algorithm. Hypotensive patients and patients about to go into shock can be very difficult to monitor with this method because the Korotkoff sounds are difficult to detect at low pressures.

The oscillometric method of determining arterial blood pressure does not require a transducer under the occluding cuff and is the most common method used. This method detects volume displacements that originate within the artery (as cuff pressure is reduced) and that are sensed as pressure oscillations in the occluding cuff. The point of maximal oscillation corresponds to the MAP. Systolic and diastolic pressures may be determined by special measurement techniques or clinically tested algorithms. This method may be more reliable than auscultation on hypotensive patients and patients who are likely to become hypotensive.

There are several oscillometric NIBP simulators on the market, costing approximately $14,000 to $3,000. The units have a test mode that can provide an easier means of performing the static pressure accuracy task, leak task, and overpressure task. If the simulator does not use the NIBP monitor's patient cuff (i.e., the simulator has an internal bladder), then the leak task will need to be repeated with the patient cuff in place.

These simulators also provide a means of evaluating the dynamic performance of the NIBP monitor by simulating the dynamic signals that the occlusive cuff would sense if placed on a patient's arm. However, while they are useful in looking at long-term trends of unit performance, they are not necessarily useful in evaluating device accuracy. Since NIBP monitors calculate their readings based on an algorithm, and the simulators use a similar algorithm to generate their signals, if the two algorithms are not exactly matched, then what the simulator states the pressure should be may differ from the pressure that the monitor indicates. It is also necessary to take several readings at each setting and average them; this average, over time, should remain constant for each individual NIBP monitor.

Test Apparatus, Supplies, Parts: 

· Electrical safety analyzer


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


· Stopwatch or watch with a second hand


· NIBP simulator (optional)

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 unit 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 unit 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.



Casters/Brakes.

If the unit is mounted on a cart or stand, check the condition of its casters. 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 unit 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. Be sure to wire a new power cord or plug with correct polarity. 



Strain Reliefs.

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



Circuit Breaker/Fuse .

If the unit has a switch-type circuit breaker, check that it moves freely. If the unit is protected by an external fuse, check its value and type against that marked on the chassis.



Tubes/Hoses/Bulbs.

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



Fittings/Connectors.

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.

Check connectors for unintentional interchangeability; verify that tubing connectors will not mate with Luer connectors.



Transducers (non-oscillometric units).

Ensure that any necessary transducers are on hand and check their physical condition.



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 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.



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. 



User Calibration/Self-Test.

Verify that the calibration function operates.



Time/Date Settings.

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



Alarms.

Induce alarm conditions to activate audible and visual alarms. Verify the operation of any associated alarm functioning (e.g., auto deflate). If the unit has an alarm-silence feature, check the method of reset (i.e., manual or automatic) against the manufacturer's specifications. 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.



Labeling.

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



Accessories .

Use of an improperly sized cuff can cause significant errors in measuring blood pressure. Clinical personnel should be instructed never to substitute an improper cuff. Verify that appropriate cuff sizes 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).

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.

If the unit has a printer/recorder, check to see that it operates when it is supposed to, that the paper folds smoothly, and that the printout is accurate 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.  



Air Leakage.

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.



Heart Rate.

Use an NIBP simulator or connect the cuff to yourself or a volunteer. Displayed heart rate should correspond to manually palpated rate within 10%.



Static Pressure Accuracy.

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.



Preventive Maintenance: Clean.
Clean as needed.



Lubricate.

Lubricate per manufacturer's instructions.



Calibrate.

Calibrate per manufacturer's instructions.



Replace.

Replace tubing, hoses, connectors, cuffs, and batteries if needed.
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