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Procedure No. 410-20081015-01 ( Major ) Electrocardiographs

Electrocardiographs
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Used For:
Electrocardiographs, Multichannel, Interpretive  [16-231]
Electrocardiographs, Multichannel  [11-411]

Electrocardiographs, Single-Channel [11-413]




Commonly Used In: 
Electrocardiography departments, emergency departments, and most patient care areas

Scope: 
Applies to single-channel and multichannel electrocardiographs used for recording an electrocardiogram; data may be stored digitally for subsequent transfer to an ECG data management system or may be printed directly from the electrocardiograph; this procedure is not suitable for verifying performance of the interpretive functions of the electrocardiograph; this procedure also does not apply to strip-chart recorders, which should be inspected with the ECG monitor or the defibrillator they are used in conjunction with (use ECG Monitors Procedure 409 and Defibrillators Procedure 408, respectively)

Risk Level: Medium

	Type
	Interval
	Time Required



	Major
	12 Months
	0 hours



	Minor
	0 NA
	0 hours







Overview: 
An electrocardiograph detects the electrical activity of the heart and produces a graphic record, an electrocardiogram (ECG), of voltage versus time. Each portion of the ECG is directly related to an electrical cardiac event, and variations or abnormalities seen in the ECG can often be traced to a particular site in the heart. Each ECG trace, which is derived from the electrical activity detected by two or more electrodes placed at certain points on the patient's skin surface, is called a lead. A 12-lead ECG records from 10 electrode locations (although some devices allow recording a 12-lead ECG from less than 10 electrode locations using algorithms to derive the remaining leads).

By using a high-fidelity recording of multiple leads, it is possible to accurately examine and quantify rhythm and waveform morphology. Voltage levels and timing between events are measured with calipers or automatically by the electrocardiograph. Comparing the various lead signals provides a more specific and accurate diagnosis than would be possible with a single-lead recording.

Several standards and guidelines include performance criteria to ensure that recording errors do not interfere with accurate interpretation of the ECG. While verification that an electrocardiograph meets these criteria is an important part of a prepurchase evaluation program and should be included as part of acceptance testing, experience indicates that most of these characteristics do not change on modern electrocardiographs unless there is a major (and usually obvious) equipment failure. Therefore, this inspection procedure has been designed to reduce the amount of testing required.

Portable and mobile electrocardiographs deserve special attention; rough handling may change circuit characteristics and adversely affect recording or safety. Mishandling may damage the chart drive or paper feed, and power cords and plugs.

Test Apparatus, Supplies, Parts: 

· Electrical safety analyzer


· ECG simulator with calibrated output amplitudes and rates


· Signal generator


· Attenuator


· Oscilloscope

Special Precautions: 
Testing input 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.

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.

Acceptance testing for frequency response is optional. This task should, however, be performed following repairs or replacement of the ECG amplifier board.

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



Mount.

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 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 unit 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, if applicable. 



Strain Reliefs.

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



Cables.

Inspect the cables and leads for their strain reliefs and 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 an adequate trace is received at each patient lead selection. (Checking all leads in some units will require either a 12-lead simulator or connection and disconnection of every lead.) Flex the patient cable near each end to verify that there are no intermittent faults.



Fittings/Connectors.

Examine all cable connectors for general condition. Electrical contact pins or surfaces should be straight and clean. Leads and electrodes should be firmly gripped in their appropriate connectors.



Electrodes.

Confirm that an adequate supply of ECG electrodes is available, and check their physical condition and that they are within their expiration dates.



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. If so equipped, calibrate the touchscreen according to the manufacturer's instructions. 



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 unit on battery power or operate the unit on battery power for several minutes to check that the battery is charged and can hold a charge. Check battery capacity by activating the battery test function or measuring the battery-powered operating time. 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.

Some batteries require periodic deep discharges and recharging to maintain maximum battery capacity. If this is recommended by the manufacturer, verify that it is being performed on schedule.



Indicators/Displays.

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

The baseline should stay in focus across the display. Interference of 50/60 Hz or other noise should not be superimposed on the baseline with the ECG simulator attached. 

The baseline should be correctly positioned, horizontal, and not noticeably sloped or bowed.

The pulses from an ECG simulator should be regularly spaced (uneven spacing indicates a sweep nonlinearity).

All portions of a simulated ECG waveform should be clear and visible, including the P-wave and QRS.

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.)

 

Perform an automated display test if the unit is so equipped, and follow the manufacturer's instructions for assessing the display's quality. 



Lead Off Detection.

While all ECG electrodes are connected to an ECG simulator, disconnect one lead at a time from the simulator and verify that the unit correctly identifies the disconnected lead. 



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.



Data Transfer to Data Management System.

If applicable, verify that data recorded by the electrocardiograph is properly transferred to the ECG data management system by recording test data using a simulator and following the procedure to transfer the data. The information in the ECG data management system should match that recorded by the electrocardiograph. 



Print Quality.

Observe the printed recordings when a simulated ECG signal is applied to the unit. Verify that all portions of the ECG waveforms and any annotations are clearly visible. Perform a printer test if available on the unit, and follow the manufacturer's instructions for assessing the quality of the print out. Clean the print head, if necessary.



Paper Transport.

Verify that the paper moves smoothly and without hesitation at all paper speeds. Problems might be caused by the transport mechanism or by a roll of paper that is wound too tightly. The paper should not drift sideways in the transport mechanism. If a formatted output is used (i.e., unit prints a single formatted sheet for each electrocardiogram), verify that all alphanumerics and tracings appear in the correct location and that the paper starts and stops at the correct points. Ensure that there is a sufficient amount of paper in the unit. 



Labeling.

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



Accessories.

Verify that an adequate supply of electrodes and paper and a fuse are stored with the unit or in the nursing unit for those electrocardiographs that remain in a fixed location. A spare patient cable may be kept with units on crash carts. If so equipped, test the barcode scanner.



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.  



Paper Speed.

Use an ECG simulator set to 60 bpm or a signal or pulse generator set to 1 Hz. If the interval between pulses is not within 10 msec at a pulse interval of 1,000 msec, an appropriate correction should be made in calculating paper speed. The speed should be accurate to within 2%. At a chart speed of 25 mm/sec and a pulse interval of 1,000 msec (60 bpm on an ECG simulator), the distance between the first and last of five successive peaks should be 100 ±2 mm; at a chart speed of 50 mm/sec, the distance between the first and last of five successive peaks should be 200 ±4 mm.



Preventive Maintenance: Clean.
Clean the exterior (including front panel controls), all rollers, paper guides, and knife edges, if needed.



Lubricate.

Lubricate the recorder mechanism and paper drive per the manufacturer's specifications.



Calibrate.

Calibrate, if required.



Replace.

Replace batteries if scheduled or if testing indicated compromised performance on battery power.
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