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Objectives

• Describe the need for intraoperative ECG filters.
• Differentiate between the filter types and modes of the ECG 

monitor and how they effect ECG morphology.
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Unfiltered

Altay, Y.A., Kremlev, A.S., Zimenko, K.A. et al. The Effect of Filter Parameters on the Accuracy of ECG Signal Measurement. Biomed Eng 53, 176–180 (2019). https://doi.org/10.1007/s10527-019-09903-2
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Bandwidth of the Bandpass Filter

https://www.toppr.com/guides/physics/communication-systems/bandwidth-of-signals/#:~:text=The%20bandwidth%20of%20a%20signal,the%20lower%20frequency%20(fL).

ü Bandpass
X High Pass Filter X Low Pass Filter

∆Bandwidth
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Real Life: Frequency Noise

Low Frequency
Respiration
Motion Artifact
Baseline Wander

High Frequency
Electrosurgical Unit
Medical Device Interference
Somatic Muscle Interference
Poor Electrode Skin Contact
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Artifact & Noise

Body Movement

Baseline Wander

Muscle Noise

Power Line Interference
García-Niebla J, et al. Technical mistakes during the acquisition of the electrocardiogram. Ann Noninvasive Electrocardiol. 2009;14(4):389-403. doi:10.1111/j.1542-474X.2009.00328.x
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Frequencies & Filters for the OR

https://www.draeger.com/Library/Content/ecg-monitoring-of-myocardial-ischemia-br-9066445-en.pdf

High Pass Filter 
Improves baseline 
wandering & removes 
low frequencies

Low Pass Filter 
Attenuates 
amplitude of high 
frequencies

ESU filter
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OR ECG Filter Modes: 2 Brands

•Diagnostic 
•0.05-150 Hz

•Diagnostic 
•0.05-150 Hz

•Monitoring
• 0.05-40 Hz

• ST
• 0.05-40 Hz

• Moderate
• 0.05-25 Hz

• Monitoring
• 0.5-40 Hz

• Maximum
• 5-25 Hz

• Surgery
• 1-20 Hz

GE Healthcare: Carescape Modular Monitors User’s Manual: Software version 2

Magnan L. Artefactual ST elevation with Mindray monitors - manufacturer's reply. Anaesthesia. 2017;72(6):789-791. doi:10.1111/anae.13919

Bandwidth
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Filter Noise

Minimize 
Distortion
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High Pass Filter & Wandering

https://www.draeger.com/Library/Content/ecg-monitoring-of-myocardial-ischemia-br-9066445-en.pdf

High Pass 
Filter – 
0.5 Hz

High Pass 
Filter –
0.05 Hz
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High Pass Filter Phase Shift: ST Depression?

https://www.medteq.net/article/2017/4/1/ecg-filters
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High Pass Filter Phase Shift: ST normal?

High Pass Filter 0.05 Hz High Pass Filter 0.67 Hz

https://www.medteq.net/article/2017/4/1/ecg-filters
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Low Pass Filter: Amplitude & Morphology

Low Pass Filter 40 Hz Low Pass Filter 30 Hz

https://www.medteq.net/article/2017/4/1/ecg-filters
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Low Pass Filter: Amplitude & Morphology

Kligfield P, Okin PM. Prevalence and clinical implications of improper filter settings in routine electrocardiography. Am J Cardiol. 2007;99(5):711-713. doi:10.1016/j.amjcard.2006.09.123

150 Hz           100 Hz          40 Hz
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Low Pass Filter: Notch vs. Slur

García-Niebla, J, et al. Certain Things to Bear in Mind When Recording Electrocardiograms in Subjects With Early Repolarization. The American journal of cardiology. 2010;105(8):1202-1203. doi:10.1016/j.amjcard.2009.12.027
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https://www.medteq.net/article/2017/4/1/ecg-filters
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High Pass vs. Low Pass Filter Effects

Parola F, et al. Use of High-Pass and Low-Pass Electrocardiographic Filters in an International Cardiological Community and Possible Clinical Effects. Advanced Journal of Vascular Medicine. 2017: 2. 34-38. 

High Pass Filter 0.05 Hz vs. 0.5 Hz Low Pass Filter 150 Hz vs. 25 Hz
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Consequences….

Parola F, et al. Use of High-Pass and Low-Pass Electrocardiographic Filters in an International Cardiological Community and Possible Clinical Effects. Advanced Journal of Vascular Medicine. 2017: 2. 34-38. 

Phase Shift

Amplitude 
Reduction
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12-Lead

• Post-processing
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Summary

Artifacts and Noise Exist!
Goals?

Minimize interference
More filtering à Monitoring or 
other proprietary modes

More Filtering = 
More Distortion

ST segment monitoring
Minimal filtering à Diagnostic
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