@ E S C European Heart Journal - Case Reports (2021) 5(8), 1-5 CASE REPORT

European Society doi:10.1093/ehjcr/ytab273 i i
of Cardiology Jery Arrhythmias/Electrophysiology

Non-contact heart rate variability monitoring
using Doppler radars located beneath bed
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Background Heart rate variability (HRV) has been investigated previously in autonomic nervous system-related clinical settings.
In these settings, HRV is determined by the time-series heartbeat peak-to-peak intervals using electrocardiography
(ECG). To reduce patient discomfort, we designed a Doppler radar-based autonomic nervous activity monitoring
system (ANMS) that allows cardiopulmonary monitoring without using ECG electrodes or spirometry monitoring.

Case summary  Using our non-contact ANMS, we observed a bedridden 80-year-old female patient with terminal phase sepsis
developed the daytime Cheyne-Stokes respiration (CSR) associated with the attenuation of the low frequency (LF)
and high frequency (HF) of HRV components 20 days prior to her death. The patient developed a marked linear
decrease in the LF and the HF of HRV components for over 3 days in a row. Furthermore, after the decrease both
the LF and the HF showed low and linear values. Around the intersection of the two lines, the decreasing LF and
HF lines and the constant LF and HF lines, the ANMS automatically detected the daytime CSR pathogenesis.
The attenuation rate of HF (1340 ms%day) was higher than that of LF (956 ms%day). Heart rate increased by
~10 b.p.m. during these 3 days.

Discussion We detected CSR-associated LF and HF attenuation in a patient with terminal phase sepsis using our ANMS. The
proposed system without lead appears promising for future applications in clinical settings, such as remote cardiac
monitoring of patients with heart failure at home or in long-term acute care facilities.

Keywords Sepsis ® Autonomic nervous activity ® Heart rate variability ® Cheyne-Stokes respiration ¢ Non-contact
monitoring e Case report

Learning points

® An 80-year-old female patient with sepsis developed the attenuation of the low frequency (LF) and high frequency (HF) of heart rate
variability components associated with Cheyne-Stokes respiration (CSR).

® Around the intersection of the decreasing HF and LF line and the subsequent constant HF and LF line, CSR was observed.

® The present procedure could potentially enable the cardiopulmonary monitoring of hospitalized and home-care patients.
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Introduction

In this study, we present a non-contact monitoring case following the
attenuation of the low-frequency (LF) and high-frequency (HF) com-
ponents of heart rate variability (HRV) associated with Cheyne-
Stokes respiration (CSR) in an 80-year-old female patient with
terminal phase sepsis in a long-stay hospital, using only Doppler
radars located beneath the bed mattress. In order to reduce patient
discomfort, we designed a Doppler radar-based autonomic nervous
activity monitoring system (ANMS) that allows cardiopulmonary
monitoring without using electrocardiography (ECG) electrodes or
spirometry monitoring. The patient died 20 days after the daytime
CSR-associated LF and HF decrease. The frequency- and time-do-
main HRVs have already been investigated previously in autonomic
nervous system (ANS)-related clinical settings,' while the correlation
between the HRV and ANS remains to be elucidated.* The correl-
ation between the LF (0.04-0.15Hz) and baroreflex function was
investigated by Rahman et al® The HF (0.15-0.4Hz) includes a
normal respiratory frequency value (~0.25Hz).* A decrease in HRY
parameters has been reported mainly in neonatal sepsis.>® In addition
to HRV, ANMS automatically determines the pathogenesis of CSR.

Doppler radar-based ANMS does not require ECG electrodes
and could be applied for contactless bedside cardiopulmonary moni-
toring. We have previously described how Doppler radar monitoring
of cardiopulmonary indices could be applied for infection screen-
ing”™ The frequency-domain HRV is calculated from the power
spectrum densities determined from time-series heartbeat intervals.'
This case report of a patient with terminal phase sepsis describes the
non-contact monitoring of the CSR-related, coincidentally generated
LF and HF attenuation, using only compact dual radars located
beneath the bed mattress.

Timeline
Date Events
24 October 2016 o Admitted to a long-stay hospital for

Alzheimer’s dementia

o Developed myelodysplastic syndrome

o Observed to have anaemia and
thrombocytopenia

o Difficulties in ingestion

o Adopted nutritional support via central ven-
ous hyperalimentation

22 November 2016 e Suspected sepsis

22-28 November o Administered ampicillin sodium (1.5 g x 2)

2016
29 November 2016 ~ Administered meropenem hydrate
(0.25g x 2)
7 January 2017

Continued

Continued
Date Events
o Developed attenuation of Cheyne-Stokes

respiration-associated autonomic nervous
system activation

20 January 2017 o Presented low systolic arterial pressure
(49 mmHg)

27 January 2017 o Died of multiple organ dysfunction syndrome

Case presentation

An 80-year-old woman was admitted to a long-stay hospital for
Alzheimer’s dementia with previous history of chronic subdural
haematoma, old cerebral infarction, dysphagia, and glaucoma
on 24 October 2016. With an anxious expression on her face,
physical examination revealed that she was 150 cm tall and body
weight 30.1kg with vital signs of body temperature 37.1°C,
blood pressure 94/65 mmHg, heart rate 70 b.p.m. with ECG
features of normal sinus rhythm, respiratory rate 20 breaths/mi-
nute, and transcutaneous arterial oxygen saturation 94%. White
blood cell count (WBC) was 12490 count/pL on admission and
increased to 17 580 count/pL on 29 November. C-reactive pro-
tein also drastically increased from 1.31 mg/dL on admission to
220mg/dL on 29 November. On admission, brimonidine
tartrate drop was administered. After admission, she developed
myelodysplastic syndrome (MDS) with anaemia and thrombo-
cytopenia. MDS is a heterogeneous disorder related to
haematopoietic abnormalities that are frequently found in elder-
ly people. As ingestion intake was difficult, nutritional support
via a central venous hyperalimentation route was adopted.
She developed suspected sepsis and was treated with ampicillin
sodium (3000 mg/day) on 22 November, with meropenem
hydrate (500 mg/day) from 29 November, with ceftazidime
hydrate (1000 mg/day) and gentamicin sulphate (80 mg/day)
from 7 December, with ampicillin sodium (1500 mg/day) from 30
December, and with meropenem hydrate (250 mg/day) from 11
January 2017.

From 5 January to 7 January, ANMS monitoring showed a
marked linear decrease in the LF and HF of HRV components.
Furthermore, from 7 January to 12 January, both the LF and
HF showed low and linear values (Figure 1). On 7 January, at 2:00
p.m., the ANMS automatically registered the CSR pathogenesis
(Figure 2) around the intersection of two lines, that is, the decreas-
ing LF line (from 5 January to 7 January) and the constant LF
line (from 7 January to 12 January). The intersection of the LF lines
overlapped with the intersection of the decreasing HF line
(from 5 January to 7 January) and the constant HF line (from
7 January to 12 January). Our patient died from multiple organ
dysfunction syndrome 20 days after the registration of daytime
CSR pathogenesis.

The attenuation rate of HF (1340 ms/day) was higher than that
of LF (956 mszlday). The heart rate increased by ~10 b.p.m. during
these 3 days.
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Figure | Data recorded from an 80-year-old patient with sepsis using Doppler radars located beneath the bed mattress. From 5 January to the 7
January, our non-contact system recorded a marked linear decrease in the low-frequency component (A) and the high-frequency component (B) of
the heart rate variability. At the intersection of the two lines (7 January daytime), the novel autonomic nervous activity monitoring system automatic-
ally detected daytime Cheyne-Stokes respiration. CSR, Cheyne-Stokes respiration; HF, high frequency; HRV, heart rate variability; LF, low frequency.
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Figure 2 (A) Cheyne-Stokes respiration on 7 January. The novel autonomic nervous activity monitoring system automatically detected the
Cheyne-Stokes respiration pathogenesis in the patient with sepsis who died 20 days later. (B) Respiratory curve before Cheyne-Stokes respiration

pathogenesis. CSR, Cheyne-Stokes respiration.

Discussion

The feature of ANMS is that without using neither ECG nor a spir-
ometer, it simultaneously monitors cardiac (e.g. heart rate and HRV)
and respiratory parameters including abnormal ventilation patterns
such as CSR in bedridden patients. The ANMS is composed of

compact dual Doppler radars (24 GHz, 10 mW micro-output
power) installed beneath the bed mattress. Figure 3 shows a data-
processing ANMS diagram. The radar records Wave 1, which
contains a respiratory and a heartbeat component. First, the ANMS
separates Wave 1 into Wave 2 (the respiratory component) and
Wave 3 (the heartbeat component). Wave 2 is calculated using a
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Figure 3 Our novel autonomic nervous activity monitoring system for monitoring heart rate variability and abnormal ventilation patterns. The
autonomic nervous activity monitoring system measures respiratory and cardiac-origin skin surface micro-vibrations via dual Doppler radars located
beneath the bed mattress, without requiring electrodes. Dual Doppler radars are placed beneath the bed mattress of the admitted patient to record
Wave 1, which contains the respiratory component and the heartbeat component. The autonomic nervous activity monitoring system then sepa-
rates Wave 1 into Wave 2 (the respiratory component) and Wave 3 (the heartbeat component) using a simple moving average. The ventilation is
monitored from Wave 2. The cardiac parameters are then calculated from Wave 3, which is derived by subtracting Wave 2 from Wave 1. The heart
rate variability is calculated from the time-series inter-beat intervals in Wave 3.

moving average filter to remove the heartbeat component from
Wave 1. Wave 3 (e.g. an ECG waveform) is calculated as the differ-
ence between Wave 1 and Wave 2. Next, the ventilation is moni-
tored from Wave 2, and the cardiac parameters are determined
from Wave 3. The frequency of the time-series heartbeat peak-to-
peak intervals is obtained from Wave 3. Finally, the LF (0.04-0.15 Hz)
and the HF (0.15-0.4 Hz) components of the HRV are calculated by
applying an autoregressive power spectrum density estimation.

In addition to the HRYV, the ANMS enables automatic CSR detec-
tion. Specifically, the ANMS defines a sequence of respiratory curves
as CSR when the respiratory curve envelope (dotted line in Fig. 2)
indicates a CSR built-in oscillation (0.0083-0.04 Hz). In the present
case, we detected CSR-associated LF and HF attenuation in an 80-
year-old female patient with terminal phase sepsis using our non-
contact ANMS. Specifically, this system intensively assessed changes
in HRV and ventilation in patients with sepsis. We focused on LF, HF,
and two-line intersections at the point when daytime CSR pathogen-
esis occurred 20 days before the patient died.

This study has a limitation in the physiological understanding of LF
and HF decreases. While several studies have been conducted on the
relationship between sympathetic nervous activities and LF,'®"" in-
tense exercise, which was expected to increase sympathetic nervous

activity, resulted in a decrease in LF."* The correlation between HF
and parasympathetic nervous activity was investigated under pharma-
cological autonomic block with atropine.”® However, under high-
dose atropine, not only HF but also LF disappeared.”

Another limitation of the ANMS is that the pulse wave determined
is not electrophysiological. Thus, it is difficult to distinguish torsades
de pointes from other types of extrasystoles. Nevertheless, the
ANMS- and spirometry-derived respiratory curves were equivalent.

Traditional lead-based HRV has already been used to identify
neuropathy-related illnesses in an intensive treatment unit."”” The
proposed system without lead appears promising for future applica-
tions in clinical settings, such as remote cardiac monitoring of patients
with heart failure at home or in long-term acute care facilities.

Conclusion

We applied ANMS to an 80-year-old patient with sepsis. Without
using ECG electrodes or a spirometer, this system detected the ter-
minal phase of the illness 20 days prior to the death of the patient,
indicated by CSR-associated HRV LF and HF attenuation.
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The present procedure could potentially enable the cardiopulmonary
monitoring of hospitalized and home-care patients.

Lead author biography

Yusuke Otake received the bache-
lor's and master’s degrees in engin-
eering from Tokyo Metropolitan
University, Tokyo, Japan, in 2019 and
2021, respectively. He works in med-
ical engineering, focusing on non-
contact vital sign measurement, pneu-
monia screening system design, ter-
minal phase patient monitoring
system design, and biomedical signal

processing.

Supplementary material

Supplementary material is available at European Heart Journal - Case
Reports online.

Acknowledgements

We sincerely appreciate the help of Dr Yoshifusa Kitajima and the
staff of Genkikai Yokohama Hospital. The authors thank Ms Saeko
Nozawa for her contributions to the manuscript preparation and
Editage (www.editage.com) for English language editing.

Slide sets: A fully edited slide set detailing this case and suitable for
local presentation is available online as Supplementary data.
Consent: The authors confirm that written consent for submission
and publication of this case report including images and associated
text has been obtained from the patient in line with COPE guidance.

Conflict of interest: None declared.

Funding: This work was supported and approved for publication by
KONICA MINOLTA, INC.

References
1. Malik M, Camm A|, Bigger T Jr, Breithardt G, Cerutti S, Cohen R] et al. Heart
rate variability: standards of measurement, physiological interpretation, and clin-
ical use. Circulation 1996;93:1043—1065.

. Goldstein DS, Bentho O, Park MY, Sharabi Y. Low-frequency power of heart
rate variability is not a measure of cardiac sympathetic tone but may be a meas-
ure of modulation of cardiac autonomic outflows by baroreflexes. Exp Physiol
2011;96:1255-1261.

. Rahman F, Pechnik S, Gross D, Sewell L, Goldstein DS. Low frequency power of
heart rate variability reflects baroreflex function, not cardiac sympathetic innerv-
ation. Clin Auton Res 2011;21:133-141.

4. Malliani A, Pagani M, Lombardi F. Physiology and clinical implications of variability
of cardiovascular parameters with focus on heart rate and blood pressure. Am |
Cardiol 1994;73:3C-9C.

. Bohanon FJ, Mrazek AA, Shabana MT, Mims S, Radhakrishnan GL, Kramer GC et
al. Heart rate variability analysis is more sensitive at identifying neonatal sepsis
than conventional vital signs. Am | Surg 2015;210:661-667.

6. Joshi R, Kommers D, Oosterwijk L, Feijs L, van Pul C, Andriessen P. Predicting
neonatal sepsis using features of heart rate variability, respiratory characteristics,
and ECG-derived estimates of infant motion. IEEE | Biomed Health Inform 2020;
24:681-692.

. Matsui T, Hakozaki Y, Suzuki S, Usui T, Kato T, Hasegawa K et al. A novel
screening method for influenza patients using a newly developed non-contact
screening system. J Infect 2010;60:271-277.

. Matsui T, Kobayashi T, Hirano M, Kanda M, Sun G, Otake Y et al. A pneumonia
screening system based on parasympathetic activity monitoring in non-contact
way using compact radars beneath the bed mattress. | Infect 2020;81:142—-144.

9. Sun G, Trung NV, Hoi LT, Hiep PT, Ishibashi K, Matsui T. Visualisation of epi-
demiological map using an Internet of Things infectious disease surveillance plat-
form. Crit Care 2020;24:400.

10. Malliani A, Pagani M, Lombardi F, Cerutti S. Cardiovascular neural regulation
explored in the frequency domain. Circulation 1991;84:482-492.

11. Pagani M, Montano N, Porta A, Malliani A, Abboud FM, Birkett C et al. Relationship
between spectral components of cardiovascular variabilities and direct measures of
muscle sympathetic nerve activity in humans. Circulation 1997,95:1441-1448.

12. Casadei B, Cochrane S, Johnston J, Conway J, Sleight P. Pitfalls in the interpret-
ation of spectral analysis of the heart rate variability during exercise in humans.
Acta Physiol Scand 1995;153:125-131.

13. Pomeranz B, Macaulay R}, Caudill MA, Kutz I, Adam D, Gordon D et al
Assessment of autonomic function in humans by heart rate spectral analysis. Am
] Physiol 1985;248:151-153.

14. Koh J, Brown TE, Beightol LA, Ha CY, Eckberg DL. Human autonomic rhythms:
vagal cardiac mechanisms in tetraplegic subjects. | Physiol 1994;474:483—495.

15. Mazzeo AT, La Monaca E, Di Leo R, Vita G, Santamaria LB. Heart rate variability:
a diagnostic and prognostic tool in anesthesia and intensive care. Acta
Anaesthesiol Scand 2011;55:797-811.

N

w

w1

~

el


https://academic.oup.com/ehjcr/article-lookup/doi/10.1093/ehjcr/ytab273#supplementary-data
http://www.editage.com
https://academic.oup.com/ehjcr/article-lookup/doi/10.1093/ehjcr/ytab273#supplementary-data



