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• Based on amplitude envelopes (frequency ranges: 1-8Hz, 5-25Hz, 50-70Hz)
• Automatically supresses noise and pacemaker stimuli (R=MF-HF x k). 
• Distinguish QRS type by LF/MF ratio (white triangles vs. black triangles)
• Output: QRS list with „Group“ and max. low-frequency dominant time (LF max)
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Based on signal variation range in a 150 ms window and comparison of the left
and right half of the window. 
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Based on signal variation range in a 150 ms window and comparison of the left
and right half of the window. 

Based on slope recognition on the left and right of local minima.

Independently for each channel:

• Beat temporal distribution (count, standard deviation and time coverage)
• Mean heart rate
• Presence of low-frequency dominance
• Presence of invalid data

Regular activity test filtres out 35% of false alarms (training set)
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(Independent across channels)
• QRS temporal distribution (count, standard deviation and time coverage)
• Mean heart rate; Presence of low-frequency dominance; only valid data
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Count QRSs in moving 3 secs window, then all channels vote for alarm presence. 
Each vote is weighted by data invalid ratio.
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Count QRSs in moving 3 secs window, then all channels vote for alarm presence. 
Each vote is weighted by data invalid ratio.

Training set

Sensitivity Specificity
96% 92%

Test set

Sensitivity Specificity
100% 97%
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Compare ECG above with the „nice“ ECG: 
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Choose the most reliable channel (using descriptive statistics) and compare heart
rate to limits (HR < 46 BPM for bradycardia, HR > 135 for tachycardia).

Training set

Sensitivity Specificity
98% 74% (-> 89%) 

Test set

Sensitivity Specificity
100% (->95%) 72% (->76%)

Training set

Sensitivity Specificity
99% 89%

Test set

Sensitivity Specificity
97% 100%
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Searchs sequence of 3 consecutive LF beats at heart rate > 95 BPM using „Group“ 
information from ECG detection. Uses variation range of ABP signal.
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Searchs sequence of 3 consecutive LF beats at heart rate > 95 BPM using „Group“ 
information from ECG detection. Uses variation range of ABP signal.

Training set

Sensitivity Specificity
83% 82%

Test set

Sensitivity Specificity
85% 84%
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Finds out maximal frequencies in ECG spectra. ABP channel can raise an alarm. 

Training set

Sensitivity Specificity
83% (->100%) 100%

Test set

Sensitivity Specificity
67% 100% (->98%)
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Sens. Spec.

Asystole 96% 92%

Bradycardia 98% 74%

Tachycardia 99% 89%

V. Tachycardia 83% 82%

Flutter/ Fib. 83% 100%

Average 96% 89%

Gross 93% 86%

Sens. Spec.

Asystole 100% 97%

Bradycardia 100% 72%

Tachycardia 97% 100%

V. Tachycardia 85% 84%

Flutter/ Fib. 67% 100%

Real-time 92% 88%

Retrospective 95% 88%

Training set results (750 records) Test set results (500 records)
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Easy, popular article (MathWorks website article):
Developing Detection Algorithms to Reduce False Alarms in Intensive Care Units
https://www.mathworks.com/company/newsletters/articles/developing-detection-
algorithms-to-reduce-false-alarms-in-intensive-care-units.html

Brief scientific paper (CinC conference paper):
False alarms in intensive care unit monitors: detection of life-threatening arrhythmias 
using elementary algebra, descriptive statistics and fuzzy logic
http://www.cinc.org/archives/2015/pdf/0281.pdf

Detailed scientific paper (Full paper in the Physiological Measurement journal):
Taming of the monitors: reducing false alarms in intensive care units
http://iopscience.iop.org/article/10.1088/0967-3334/37/8/E5/pdf
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