Enhancing Clinical Effectiveness and Usability of Patient Monitoring Systems in ICU
through Evaluation of Arrhythmia Alarms
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Abstract

Patient monitoring systems are widely used in intensive care units(ICUs) to continuously monitor patients’ conditions. However,
a high false alarm rate can cause alarm fatigue among nurses, increasing their workload and stress. This study aimed to improve
the accuracy of arrhythmia detection by enhancing the noise detection algorithm in patient monitoring systems and to evaluate
whether this modification reduced false alarm rates and nurses’ workload through clinical trials. The trials were conducted on
adult ICU patients at Yongin Severance Hospital who required continuous electrocardiogram(ECG) monitoring for at least two
days. After the first trial, the noise detection algorithm of the M50(investigational device) was improved, and a second trial with
the same design was performed to assess its performance. During each study, the M50 and MX700 (comparator device) were
applied simultaneously for three days, and arrhythmia alarms were independently reviewed based on ECG signals to identify
false alarms. Comparative analysis using the chi-square test showed that the false alarm rate of the investigational device
decreased from 71.75% to 27.61%, representing a statistically significant improvement(p < 0.001). Both trials also demonstrated
reductions in false alarm rate and NASA-TLX scores, indicating that the improved noise detection algorithm enhanced
arrhythmia detection accuracy and reduced nurses’ workload in the ICU setting.
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Demographic characteristics
Patients ICU nurses
Ist clinical trial 17(78.2) 29(7.6)
2nd clinical trial 11(78.6) 13(6.7)
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False alarm rates caused by noise and comparison results
Observed frequency 105
Ratio (%) 65.63
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1st clinical trial (n=17)

2nd clinical trial (n=11)

Ratio (%) 35.14
X2 11.63
P value 0.001
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NASA-TLX scores and comparison results

1% clinical 2" clinical

. . U P val
trial (n=29) trial (n=13) vaiue
mental 26.00 £ 19.67 +
demand 16.25 16.85 361.5 0-118
temporal 61.52 + 1533 +
demand 22.07 19.13 733 0.000
physical 2352+ 15.00 +
demand 14.87 16.26 297.0 0.021
51.89 + 16.67 £+
performance 23.10 19.79 124.5 0.000
31.69 + 16.00 +
effort 18.12 12.98 236.5 0.002
. 29.74 + 2333+
frustration 2357 2388 337.5 0.372
3832+ 17.67 £+
overall 14.44 14.40 149.5 0.000
H 3. B UH2ALE I 2E 3h NASA-TLX 2 Z1t
4. Acknowledgements
2 Y7s HENAEFIQZRZ|7IATFINLAYL "2SXs
718t 393 oF 7tstt 1ds SREAITA AAH
g AT LMol XS Woh =SS .(RS-2020-
KD000030)
5.%0 23

[1] Kim Y, Son J, Jang W. Usability Study on Patient
Monitoring Systems: An Evaluation of a User Interface Based
on User Experience and Preference. Med Sci Monit 29 (2023):
€938570.

[2] Zhang Q, Chen X, Fang Z, et al. Reducing false arrhythmia
alarm rates using robust heart rate estimation and cost-sensitive
support vector machines. Physiol Meas. 2017;38(2):259-271.
[3] Dee SA, Tucciarone J, Plotkin G, et al. Determining the
Impact of an Alarm Management Program on Alarm Fatigue
among ICU and Telemetry RNs: An Evidence Based Research
Project. SAGE Open Nurs. 2022;8:23779608221098713.

[4] Behar J, Oster J, Li Q, et al. ECG signal quality during
arrhythmia and its application to false alarm reduction. IEEE
Trans Biomed Eng. 2013;60(6):1660-1666.

[5] Chang KM. Arrhythmia ECG noise reduction by ensemble
empirical mode decomposition. Sensors (Basel).
2010;10(6):6063-6080.

[6] Nasirizad Moghadam K, Chehrzad MM, Reza Masouleh S,
et al. Nursing physical workload and mental workload in
intensive care units: Are they related?. Nurs Open.
2021;8(4):1625-1633.

[7] Wang G, Lian Y, Yang AY, et al. Structured learning in
time-dependent Cox models. Stat Med. 2024;43(17):3164-
3183.

[8] Wung SF, Ogoo M, Chow JL, et al. False Crisis Alarms in
Cardiopulmonary Monitoring:: Identification, Causes, and
Clinical Implications. Crit Care Nurs Clin North Am.
2025;37(2):167-177.

[9] Qananwah Q, Ababneh M, Dagamseh A. Cardiac
arrhythmias classification using photoplethysmography
database. Sci Rep. 2024;14(1):3355.



