
Copyright © Shimmer 2020  Digital/Wearable Sensor Technologies 

All rights reserved   

 

 

1 

 

 

 

 

 

 

 

COVID-19:  

Wearable Sensors and 

Continuous Data  

To Improve Outcome 

 

Concept Paper 

April 3, 2020 

By Shimmer Research, Inc. 

 

Contact: 

Geoffrey Gill 

President 

ggill@shimmersensing.com 
 

mailto:ggill@shimmersensing.com


Copyright © Shimmer 2020  Digital/Wearable Sensor Technologies 

All rights reserved   

 

 

2 

1. Introduction 

COVID 19 virus is now a global pandemic. The COVID 19 virus causes an illness which is asymptomatic or 

mild in most cases, serious in a small minority and fatal in between 2 and 3%. 

The priorities for public health now are to limit the spread of the disease, and to use finite available 

resources optimally - which (among other things) are clearly predicated on identifying infected 

individuals, testing them, isolating and treating them in the appropriate setting. 

 Symptomatic disease from COVID 19 can occur 3 – 13 days after exposure. This interval is 

critically important to identifying individuals who need testing, and to detecting symptomatic 

cases 

 COVID 19 infections have few, and quite non-specific, symptoms that include fever, cough, 

fatigue and anorexia. Muscle and joint aches are sometimes part of the constellation. In severe 

cases dyspnea (respiratory distress) develops. 

 Based on the experience in China, greater than 80% can be expected to have asymptomatic, 

mild or moderate disease. Approximately 16% will require hospitalization and 5% will need 

intensive care.  

 Certain patient groups have an increased risk after exposure and a propensity to have more 

severe disease. These include the elderly, patients with chronic disease such as diabetes, heart 

disease, COPD, asthma, CKD, and immunocompromised patients. These patients should receive 

special consideration for monitoring after a possible exposure. 

Thoracic Bioimpedance 

Thoracic Bioimpedance, as an indicator of total fluid in the chest, has long been studied in Chronic Heart 

Failure (CHF) and the Acute Respiratory Distress Syndrome (ARDS).  In these settings, thoracic 

bioimpedance monitors can provide a number of useful indicators including respiration rate, respiratory 

[tidal] volume, and bioimpedance which is inversely proportional to the amount of fluid in the thoracic 

cavity.  Tomographic applications of bioimpedance have been able to assess the distribution of fluid 

within the chest. An abbreviated bibliography is listed in the appendix.  

Shimmer Sensors are capable of monitoring thoracic bioimpedance continuously through use of a 

wearable sensor. The sensor produces continuous breath to breath data and can be deployed in the 

home, the clinic, or the hospital to monitor subjects who test positive for the disease.  

Because COVID-19 most significantly affects the lungs, and can induce ARDS, these measurements can 

be useful in following the course of COVID 19 infected patients and provide clear indications of the 

progression of the disease.  Initial applications: 

 Monitoring patients remotely at home to determine, if and when, they will need to be admitted 

to the hospital 

 Monitoring patients in hospital to determine when they need more aggressive treatment (e.g. 

intensive care, ventilatory assistance) 

 Enabling the earlier release of stable patients to be monitored at home 
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 Adjusting treatment based on the rate of progression of disease  

Shimmer has an off the shelf product (the Shimmer3 EBio) that can be used to monitor bioimpedance, 

ECG, posture, and activity. Because COVID-19 is a new disease, baseline information needs to be 

obtained to develop thresholds and protocols for patient management.  Shimmer is actively pursuing 

research to develop these digital biomarkers but, because of the urgency, we are encouraging additional 

researchers to use the Shimmer 3 to pursue this goal in parallel with the Company’s efforts.  

2. Equipment 

The Shimmer3 EBio sensor was introduced in 2014 

and has been used successfully in literally thousands 

of studies in over 70 countries.  It is CE marked for 

safety but is not a registered medical device.  

However, Shimmer is a registered ISO 13485:2016 

medical device manufacturer and will seek 

regulatory approval as appropriate. 

Figure 1 shows a photo of the sensor in situ on a 

subject.  Figure 2 shows the recommended 

placement of electrodes when used in the 

bioimpedance mode.  Only three electrodes are 

required for bioimpedance measurements.  The LL 

and Vx electrodes are used to capture ECG signals.  

The raw sensor data from all the sensors are 

available to the researcher. 

Data can be collected at a variety of sampling rates, 

from 1Hz to over 1kHz.  We recommend a minimum 

200Hz data rate for bioimpedance.  Data can be either stored on board or else wirelessly transmitted via 

Bluetooth.  At 200Hz, the sensor has onboard storage that will last 29 days.  For the remote monitoring 

application, data can be stored on the device and uploaded upon return to the site.  

The Shimmer3 EBio system uses any standard ECG electrode to capture the ECG and/or bioimpedance 

signal.  We will work with the Sites to select the most appropriate for this study. 

In addition to ECG and bioimpedance data, the sensor can simultaneously collect 9 degrees of freedom 

IMU data (3-axis accelerometer, 3-axis gyro, and 3-axis magnetometer).  This provides important 

contextual information, such as the posture of the patient (supine or upright) as well as activity levels. 

These signals are also important in identifying periods of motion artefact.   

The battery will provide the needed energy to run the equipment for 2+ days without recharging in the 

local data storage mode.  In the streaming mode, the battery life is 8+ hours. 

Figure 1: Shimmer3 ECG/Bioimpedance Sensor 
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Figure 2 Recommended Bioimpedance Electrode Placement 

3. The Signals 

As indicated before, the ECG-Bioimpedance monitor captures ECG, Bioimpedance, and a 9 degree-of-

freedom inertial measurement unit (IMU, containing a 3-axis accelerometer, a 3-axis gyroscope, and a 3-

axis magnetometer) data.   

Because the electrodes are in non-standard locations for ECG and the bioimpedance signals generate 

high frequency noise that must be filtered out, the shape of the ECG wave may be affected somewhat.  

However, the signal is more than adequate to capture accurate heart rate, especially after filtering.  

Figure 3 below shows the ECG and bioimpedance signals before and after filtering. 
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Figure 3 ECG and Bioimpedance before and after filtering 

As can easily be seen in the ECG signal, the R waves stand out very clearly even before filtering.  The 

change in the bioimpedance signals are driven by the lungs tidal exchange of air.  Since air is less 

conductive than bodily fluids, when the lungs fill with air or other gases, the impedance increases.  

When the subject exhales, the impedance returns to baseline at FRC (functional residual capacity).  The 

rate of the peaks is equivalent to the respiration rate (RR) and the width of the peaks indicates time and 

can thus yield an I:E (inspiration to exhalation) ratio.  

Furthermore, the height of the peaks is related to the depth of breath.  Figure 4 below shows some 

different breathing patterns and how they registered on bioimpedance.  There is clearly a relationship 

between the depth breathing (tidal volume) and the height of the peaks.  This relationship may not be 

linear. 

Lastly, there is likely a relationship between the average bioimpedance and the amount of fluid in the 

thoracic cavity – the most dynamic component of which is lung water – since an increase in fluid will 

affect electrical impedance. This is unlikely to be a linear relation because the fluid will likely not be 

homogeneously distributed. In addition, there will be confounding factors (like the change in impedance 

in the skin/electrode interface over time).  However, it may be possible to track relative change in lung 

fluid status over time with analytic techniques that account for the confounding factors and recognize 

pattern signatures. 

In addition to the electrical signals, the IMU can provide measurements of activity, body position, 
posture, and sleep.  These algorithms are well known but are not integrated into the system at this time. 
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Figure 4 Bioimpedance with different breath modalities 

4. Monitoring COVID-19 

With these sensors, the Shimmer3 ECG-Bioimpedance monitor can assess a very wide range of COVID-

19 symptoms.  The table below outlines the systems and sensing modalities of the system. 

 

Symptom Digital Biomarker Sensing Modality with Shimmer3  
ECG-Bioimpedance Sensor 

Fever Elevated HR 
Elevated RR 
Δ HRV 

ECG 
Thoracic Bioimpedance 
ECG 

Cough Thoracic Cage Movement 
Thoracic Volume Pattern 

Accelerometer 
Thoracic Bioimpedance 

Fatigue Body Position and Posture 
Active Time and Intensity Δ 
Sedentary Time 

Accelerometer 
Accelerometer 
Accelerometer 
 

Respiratory Distress Rapid Shallow Breathing 
Elevated RR 
Elevated HR 
Disrupted sleep 

Thoracic Bioimpedance 
Thoracic Bioimpedance 
ECG 
Accelerometer 
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5. Deploying the Shimmer3 ECG-Bioimpedance Monitor 

As mentioned in the introduction, Shimmer is actively pursuing a research program to translate these 

signals into actionable insights.  Our goal is to use the best possible approaches, even if not developed 

in-house.  We are confident that we will be able to come to a business understanding with whomever 

develops the best approach. 

To be actionable, these insights need to be put into a system that can be made available to healthcare 

professionals and patients.  For that reason, Shimmer is working to integrate the Shimmer 3 into one or 

more remote patient monitoring systems, in parallel with conducting the research program.  Our goal is 

to have end-to-end systems ready by the time the algorithms are ready to convert the data into 

actionable insights.  We will be happy to support the integration of our sensor into any system that may 

provide value to the COVID 19 challenge.  Please contact us if you wish to learn about how to integrate 

the Shimmer3 EBio into your platform. 

6. Summary 

The Shimmer3 EBio sensor is an off-the-shelf product that offers the opportunity to measure critical 

indicators of lung health, a primary concern for COVID-19 patients.  With this knowledge, healthcare 

systems can optimize the treatment of individuals and utilization of healthcare resources. 

Shimmer has initiated research into to establish the digital biomarkers to predict the course and 

outcome of COVID-19, but we are inviting other researchers to join in this effort to accelerate it and 

provide independent validation.  
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7.  Appendix: Sample of References using Bioimpedance to Monitor 

Fluid in the Lungs 

1. Peacock IV, W.F., M. Albert, N., D. White, R. and L. Emerman, C., 2000. Bioimpedance monitoring: 

better than chest x‐ray for predicting abnormal pulmonary fluid?. Congestive Heart Failure, 6(2), 

pp.86-89. 

2. Nierman, D.M., Eisen, D.I., Fein, E.D., Hannon, E., Mechanick, J.I. and Benjamin, E., 1996. 

Transthoracic bioimpedance can measure extravascular lung water in acute lung injury. Journal of 

Surgical Research, 65(2), pp.101-108. 

3. Freimark, D., Arad, M., Sokolover, R., Zlochiver, S. and Abboud, S., 2007. Monitoring lung fluid 

content in CHF patients under intravenous diuretics treatment using bio-impedance 

measurements. Physiological measurement, 28(7), p.S269. 

4. Zlochiver, S., Arad, M., Radai, M.M., Barak-Shinar, D., Krief, H., Engelman, T., Ben-Yehuda, R., 

Adunsky, A. and Abboud, S., 2007. A portable bio-impedance system for monitoring lung 

resistivity. Medical engineering & physics, 29(1), pp.93-100. 

5. Zellner, J.L., Spinale, F.G. and Crawford, F.A., 1990. Bioimpedance: a novel method for the 

determination of extravascular lung water. Journal of Surgical Research, 48(5), pp.454-459. 

6. Beckmann, L., van Riesen, D. and Leonhardt, S., 2007, August. Optimal electrode placement and 

frequency range selection for the detection of lung water using bioimpedance spectroscopy. In 2007 

29th Annual International Conference of the IEEE Engineering in Medicine and Biology Society (pp. 

2685-2688). IEEE. 

7. Weyer, S., Zink, M.D., Wartzek, T., Leicht, L., Mischke, K., Vollmer, T. and Leonhardt, S., 2014. 

Bioelectrical impedance spectroscopy as a fluid management system in heart failure. Physiological 

measurement, 35(6), p.917. 

8. Spinale, F.G., Reines, H.D., Cook, M.C. and Crawford, F.A., 1989. Noninvasive estimation of 

extravascular lung water using bioimpedance. Journal of Surgical Research, 47(6), pp.535-540. 

9. Schlebusch, T., Röthlingshöfer, L., Kim, S., Köny, M. and Leonhardt, S., 2010, June. On the road to a 

textile integrated bioimpedance early warning system for lung edema. In 2010 International 

Conference on Body Sensor Networks (pp. 302-307). IEEE. 

10. Neuhäuser-Berthold, M., Beine, S., Verwied, S.C. and Lührmann, P.M., 1997. Coffee consumption 

and total body water homeostasis as measured by fluid balance and bioelectrical impedance 

analysis. Annals of Nutrition and Metabolism, 41(1), pp.29-36. 

11. Nierman, D.M. and Mechanick, J.I., 1998. Evaluation of transthoracic bioelectrical impedance 

analysis in monitoring lung water during diuresis. Applied Cardiopulmonary Pathophysiology, 7, 

pp.57-62. 

12. Beckmann, L., Cordes, A., Saygili, E., Schmeink, A., Schauerte, P., Walter, M. and Leonhardt, S., 

2009. Monitoring of body fluid in patients with chronic heart failure using Bioimpedance-

Spectroscopy. In World Congress on Medical Physics and Biomedical Engineering, September 7-12, 

2009, Munich, Germany (pp. 532-535). Springer, Berlin, Heidelberg. 

13. Young, J.D. and McQuillan, P., 1993. Comparison of thoracic electrical bioimpedance and 

thermodilution for the measurement of cardiac index in patients with severe sepsis. British journal of 

anaesthesia, 70(1), pp.58-62. 

14. Van Loan, M.D., Withers, P., Matthie, J. and Mayclin, P.L., 1993. Use of bioimpedance spectroscopy 

to determine extracellular fluid, intracellular fluid, total body water, and fat-free mass. In Human body 

composition (pp. 67-70). Springer, Boston, MA. 

https://onlinelibrary.wiley.com/doi/full/10.1111/j.1527-5299.2000.80141.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1527-5299.2000.80141.x
https://www.sciencedirect.com/science/article/pii/S0022480496903509
https://iopscience.iop.org/article/10.1088/0967-3334/28/7/S20/meta
https://iopscience.iop.org/article/10.1088/0967-3334/28/7/S20/meta
https://iopscience.iop.org/article/10.1088/0967-3334/28/7/S20/meta
https://www.sciencedirect.com/science/article/abs/pii/S1350453306000427
https://www.sciencedirect.com/science/article/abs/pii/S1350453306000427
https://www.sciencedirect.com/science/article/pii/002248049090012Q
https://www.sciencedirect.com/science/article/pii/002248049090012Q
https://ieeexplore.ieee.org/abstract/document/4352882
https://ieeexplore.ieee.org/abstract/document/4352882
https://iopscience.iop.org/article/10.1088/0967-3334/35/6/917/meta
https://www.sciencedirect.com/science/article/pii/0022480489901327
https://www.sciencedirect.com/science/article/pii/0022480489901327
https://ieeexplore.ieee.org/abstract/document/5504772
https://ieeexplore.ieee.org/abstract/document/5504772
https://www.karger.com/Article/Abstract/177975
https://www.karger.com/Article/Abstract/177975
https://www.karger.com/Article/Abstract/177975
http://www.mikropolis.pl/_pdf/lung-diuresis.pdf
http://www.mikropolis.pl/_pdf/lung-diuresis.pdf
https://link.springer.com/chapter/10.1007/978-3-642-03885-3_148
https://link.springer.com/chapter/10.1007/978-3-642-03885-3_148
https://www.sciencedirect.com/science/article/pii/S0007091217459150
https://www.sciencedirect.com/science/article/pii/S0007091217459150
https://link.springer.com/chapter/10.1007/978-1-4899-1268-8_13
https://link.springer.com/chapter/10.1007/978-1-4899-1268-8_13
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15. Parrinello, G., Paterna, S., Di Pasquale, P., Torres, D., Fatta, A., Mezzero, M., Scaglione, R. and 

Licata, G., 2008. The usefulness of bioelectrical impedance analysis in differentiating dyspnea due to 

decompensated heart failure. Journal of cardiac failure, 14(8), pp.676-686. 

16. Zlochiver, S., Radai, M.M., Barak‐Shinar, D., Ben‐Gal, T., Yaari, V., Strasberg, B. and Abboud, S., 

2005. Monitoring lung resistivity changes in congestive heart failure patients using the bioimpedance 

technique. Congestive Heart Failure, 11(6), pp.289-293. 

17. Arad, S., Tel Aviv University Future Technology Development LP, 2011. Bio-impedance apparatus 

and method. U.S. Patent 7,907,998. 

18. Paudel, K., Kausik, T., Visser, A., Ramballi, C. and Fan, S.L., 2015. Comparing lung ultrasound with 

bioimpedance spectroscopy for evaluating hydration in peritoneal dialysis patients. Nephrology, 20(1), 

pp.1-5. 

19. Allinovi, M., Saleem, M.A., Burgess, O., Armstrong, C. and Hayes, W., 2016. Finding covert fluid: 

methods for detecting volume overload in children on dialysis. Pediatric Nephrology, 31(12), pp.2327-

2335. 

20. Bodenstein, M., Wang, H., Boehme, S., Vogt, A., Kwiecien, R., David, M. and Markstaller, K., 2012. 

Influence of crystalloid and colloid fluid infusion and blood withdrawal on pulmonary bioimpedance in 

an animal model of mechanical ventilation. Physiological measurement, 33(7), p.1225. 

21. Saunders, C.E., 1988. The use of transthoracic electrical bioimpedance in assessing thoracic fluid 

status in emergency department patients. The American journal of emergency medicine, 6(4), 

pp.337-340. 

22. Dovancescu, S., Torabi, A., Mabote, T., Caffarel, J., Kelkboom, E., Aarts, R., Korsten, E. and Cleland, 

J., 2013, September. Sensitivity of a wearable bioimpedance monitor to changes in the thoracic fluid 

content of heart failure patients. In Computing in Cardiology 2013 (pp. 927-930). IEEE. 

23. Vonk Noordegraaf, A., Van der Meer, B.J.M., De Vries, J.P.P.M. and De Vries, P.M.J.M., 1995. 

Determination of the relation between alterations of total body water and thoracic fluid content during 

ultrafiltration by bioelectrical impedance analysis. Nephrology Dialysis Transplantation, 10(3), pp.382-

385. 

24. Siriopol, D., Voroneanu, L., Hogas, S., Apetrii, M., Gramaticu, A., Dumea, R., Burlacu, A., Sascau, R., 

Kanbay, M. and Covic, A., 2016. Bioimpedance analysis versus lung ultrasonography for optimal risk 

prediction in hemodialysis patients. The international journal of cardiovascular imaging, 32(2), pp.263-

270. 

25. Morucci, J.P. and Rigaud, B., 1996. Bioelectrical impedance techniques in medicine part III: 

impedance imaging third section: medical applications. Critical Reviews™ in Biomedical 

Engineering, 24(4-6). 

26. Heiss, C.J., Gara, N., Novotny, D., Heberle, H., Morgan, L., Stufflebeam, J. and Fairfield, M., 2009. 

EFFECT OF A 1 LITER FLUID LOAD ON BODY COMPOSITION MEASURED BY AIR 

DISPLACEMENT PLETHYSMOGRAPHY AND BIOELECTRICAL IMPEDANCE. Journal of Exercise 

Physiology Online, 12(2). 

27. Delano, M. and Sodini, C., 2018. Evaluating calf bioimpedance measurements for fluid overload 

management in a controlled environment. Physiological measurement, 39(12), p.125009. 

28. De Vries, P.M.J.M., Noordegraaf, A.V., Van der Meer, B.J.M., Woltjer, H.H. and De Vries, J.P.P.M., 

1995. Bioelectrical impedance analysis: clinical tool in assessing total body water and thoracic 

fluid. The International journal of artificial organs, 18(11), pp.693-699. 

29. Kyle, U.G., Bosaeus, I., De Lorenzo, A.D., Deurenberg, P., Elia, M., Gómez, J.M., Heitmann, B.L., 

Kent-Smith, L., Melchior, J.C., Pirlich, M. and Scharfetter, H., 2004. Bioelectrical impedance 

analysis—part II: utilization in clinical practice. Clinical nutrition, 23(6), pp.1430-1453. 

https://www.sciencedirect.com/science/article/abs/pii/S1071916408001450
https://www.sciencedirect.com/science/article/abs/pii/S1071916408001450
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1527-5299.2005.04459.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1527-5299.2005.04459.x
https://patents.google.com/patent/US7907998B2/en
https://patents.google.com/patent/US7907998B2/en
https://onlinelibrary.wiley.com/doi/abs/10.1111/nep.12342
https://onlinelibrary.wiley.com/doi/abs/10.1111/nep.12342
https://link.springer.com/article/10.1007/s00467-016-3431-4
https://link.springer.com/article/10.1007/s00467-016-3431-4
https://iopscience.iop.org/article/10.1088/0967-3334/33/7/1225/meta
https://iopscience.iop.org/article/10.1088/0967-3334/33/7/1225/meta
https://www.sciencedirect.com/science/article/abs/pii/0735675788901519
https://www.sciencedirect.com/science/article/abs/pii/0735675788901519
https://ieeexplore.ieee.org/abstract/document/6713530
https://ieeexplore.ieee.org/abstract/document/6713530
https://academic.oup.com/ndt/article-abstract/10/3/382/1809594
https://academic.oup.com/ndt/article-abstract/10/3/382/1809594
https://link.springer.com/article/10.1007/s10554-015-0768-x
https://link.springer.com/article/10.1007/s10554-015-0768-x
http://www.dl.begellhouse.com/journals/4b27cbfc562e21b8,1e033c0f5db3157b,6abc68f10ab17999.html
http://www.dl.begellhouse.com/journals/4b27cbfc562e21b8,1e033c0f5db3157b,6abc68f10ab17999.html
https://www.asep.org/asep/asep/JEPonlineHeissApril2009.pdf
https://www.asep.org/asep/asep/JEPonlineHeissApril2009.pdf
https://iopscience.iop.org/article/10.1088/1361-6579/aaf277/meta
https://iopscience.iop.org/article/10.1088/1361-6579/aaf277/meta
https://journals.sagepub.com/doi/abs/10.1177/039139889501801102
https://journals.sagepub.com/doi/abs/10.1177/039139889501801102
https://www.sciencedirect.com/science/article/abs/pii/S0261561404001633
https://www.sciencedirect.com/science/article/abs/pii/S0261561404001633
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