The place of telemonitoring in managing COVID-19

[bookmark: _Hlk40339905][bookmark: _Hlk43191155]Summary
In many countries, most people who contact health services with suspected COVID-19 symptoms are asked to self-isolate at home. Although they are advised to recontact health services if their symptoms worsen, there is often little structured follow-up. However, a significant proportion of these patients will experience relatively rapid deterioration while self-isolating. Some of these experience very low oxygen saturations with little in the way of breathlessness. Certain groups such as the elderly and those with underlying medical conditions are at particular risk of deterioration. Other groups (NHS staff, BAME, and obese patients) are known to particularly delay presentation. There is increasing evidence, however, that early detection of deterioration and treatment is associated with improved outcomes. 
Telemonitoring, where patients self-monitor and report their symptoms and physiological readings electronically to their clinician, has been widely used in long-term condition management. Its use is rapidly being stepped up world-wide in the management of self-isolating elderly and vulnerable people in the COVID-19 pandemic. However, telemonitoring can be also be used in the management of suspected high-risk COVID-19 patients to detect early signs of deterioration that may require further assessment or hospitalisation and to encourage them to make contact. (See figure 1 for proposed Scottish system). Several observational studies support the use of telemonitoring of symptoms and pulse oximetry and suggest high levels of patient and clinician satidafaction with the process.  

Background
[bookmark: _Hlk40339938][bookmark: _Hlk40339954][bookmark: _Hlk40340004]Coronavirus disease 2019 (COVID-19) is a new disease whose natural history is still incompletely understood. However, it is known that some patients who were initially not seriously unwell later develop severe disease requiring hospital admission, with a sub-set of these eventually needing intensive care.[endnoteRef:1] In the early stages of the COVID-19 pandemic in Italy, hospitals in Lombardy were quickly overloaded with patients resulting in significant hospital-acquired infections.[endnoteRef:2] This  experience was also repeated in UK settings.[endnoteRef:3] Safely keeping people out of hospital will remain important as the pandemic develops.  [1: . Zhou F, Yu T, Du R et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet 2020;395:1054–62.
]  [2: . Boccia S, Ricciardi W, Ioannidis JPA. What Other Countries Can Learn From Italy During the COVID-19 Pandemic. JAMA Intern Med. Published online April 07, 2020.  Doi:10.1001/jamainternmed.2020.1447. PMID: 32259190
]  [3: . Coebergh J. Only reliable data on hospital-acquired covid-19 will give people confidence that hospitals are safe. BMJ  https://blogs.bmj.com/bmj/2020/05/20/we-need-reliable-data-on-hospital-acquired-covid-19/ last accessed 21/6/2020
] 

However, it has become clearer that early treatment is associated with better outcomes.[endnoteRef:4] An analysis of early data from Jiangsu province in China suggested that early intervention reduced death rates (<1%) in comparison with Hubei Province (4.3%) where treatment was started later.[endnoteRef:5]  Likewise in South Korea analysis of data showed that later presentation was associated with poorer outcomes,[endnoteRef:6] and countries such as Singapore which had a policy of early admission to hospital had a very low fatality rate. [endnoteRef:7] [4: . Goyal DK, Mansab F, Iqbal A, Bhatti S. Early intervention likely improves mortality in COVID-19 infection. Clin Med (Lond). 2020 May 1;20(3):248–50. doi: 10.7861/clinmed.2020-0214. Epub ahead of print. PMID: 32357975; PMCID: PMC7354047.
]  [5: . Sun Q, Qiu H, Huang M, Yang Y. Lower mortality of COVID-19 by early recognition and intervention: experience from Jiangsu Province. Ann Intensive Care. 2020 Mar 18;10(1):33. doi: 10.1186/s13613-020-00650-2. PMID: 32189136; PMCID: PMC7080931
]  [6: . Korean Society of Infectious Diseases and Korea Centers for Disease Control and Prevention. Analysis on 54 mortality cases of coronavirus disease 2019 in the Republic of Korea from January 19 to March 10, 2020. J Korean Med Sci 2020;35:e132.
]  [7: . Wong JEL, Leo YS, Tan CC. COVID-19 in Singapore – current experience: critical global issues that require attention and action. JAMA, 2020, in press (DOI: 10.1001/jama.2020.2467).
] 

Most of the lung injury in COVID-19 is due to inflammation.[endnoteRef:8] Hypoxia itself is pro-inflammatory so it is likely that early oxygen therapy should reduce inflammation. In addition, in severely ill patients, the use of steroids[endnoteRef:9],[endnoteRef:10] has been shown to reduce the death rate. In addition early, general supportive therapy such as early appropriate rehydration helps prevent acute kidney injury.[endnoteRef:11] Early identification of deterioration is important to permit appropriate therapy. [8: . Channappanavar R, Perlman S. Pathogenic human coronavirus infections: causes and consequences of cytokine storm and immunopathology. Semin Immunopathol 2017;39:529–39.
]  [9: . The RECOVERY Collaborative Group. Dexamethasone in hospitalized patients with Covid-19 — preliminary report. N Engl J Med. 2020:NEJMoa2021436. https://doi.org/10.1056/NEJMoa2021436.
]  [10: . Dequin P, Heming N, Meziani F, et al. Effect of Hydrocortisone on 21-Day Mortality or Respiratory Support Among Critically Ill Patients With COVID-19: A Randomized Clinical Trial. JAMA. 2020;324(13):1298–1306. doi:10.1001/jama.2020.16761
]  [11: . Ronco C, Reis T, Husain-Syed F. Management of acute kidney injury in patients with COVID19. Lancet Respir Med. 2020;8(7):738-742. doi:10.1016/S2213-2600(20)30229-0
] 

The elderly and those with underlying medical conditions are at particular risk of deterioration. [endnoteRef:12] Other groups (NHS staff, BAME, and obese patients) are known to particularly delay presentation.[endnoteRef:13] [12: . Williamson, E.J., Walker, A.J., Bhaskaran, K. et al. Factors associated with COVID-19-related death using OpenSAFELY. Nature 584, 430–436 (2020). https://doi.org/10.1038/s41586-020-2521-4
]  [13: . Benger J.  NHS England. Reconsidering Clinical Service Provision for COVID-19 in the UK. 
] 

High death rates in those admitted to hospital in the UK has raised concerns that in some cases admission to hospital may be happening too late for treatment to be effective, and have led to calls for more active monitoring to detect early deterioration in these at risk groups and encourage them to attend.[endnoteRef:14] Analysis of NHS England data suggest that early treatment could lead to an absolute reduction the death rate of between 3 and 5%. [14: . McKinstry B, Tarassenko L, Paton C Guthrie B et al The place of telemonitoring in covid-19.
https://blogs.bmj.com/bmj/2020/06/12/identifying-severe-cases-of-covid-19-in-the-community/ 
] 

Recently research carried out by Inada-Kim et al., which is yet to be peer reviewed, but published in medRxiv is an analysis of how oxygen saturation and measurements of other vital signs correlate to patient outcomes in COVID-19 patients conveyed by ambulance to hospital by the South Central Ambulance Service in England.  The aim was to investigate if clinical deterioration can be predicted with simple community physiological monitoring. They demonstrated that even relatively small reductions of oxygen saturation (95% and below) were associated with significant increases in mortality.[endnoteRef:15] [15: . Inada-Kim M, Chmiel FP, Boniface MJ, Pocock H, Black JJM, Deakin CD.  Validation of home oxygen saturations as a marker of clinical deterioration in patients with suspected COVID-19.  medRxiv preprint doi: https://doi.org/10.1101/2020.11.06.20225938 ] 

However, an unpublished study in Northern Ireland set in carehomes showed that in what could be assumed to be a debilitated population a reading of 95% was relatively common occurring in 13/69 patients over a 10 day period. This group as others ( for example with chronic lung disease) may requires a different triggering level from most patients.[endnoteRef:16] [16: . Digital Health and Care Northern Ireland. Remote Monitoring Residential Homes, COVID-19 Learning and Recommendations. ] 

Detecting deterioration can be challenging. Many patients present with pronounced arterial hypooxaemia yet without proportional signs of respiratory distress or sense of breathlessness. Dyspnoea was reported by only 18.7% of hospitalised patients in one reported series.[endnoteRef:17] Additionally, in some patients with very low CO2 due to hyperventilation, there is a shift to the left of the oxygen dissociation curve and normal oxygen saturation (SaO2) can be maintained in the presence of very low arterial oxygen pressure (PaO2). It is important therefore to consider both symptoms of breathlessness and SaO2 when detecting deterioration in COVID-19.[endnoteRef:18] [17: . Guan W, Ni Z, Hu Y, Liang W, Ou C, He J, et al. Clinical characteristics of coronavirus disease 2019 in China. N Engl J MedMassachusetts Medical Society. 2020. Epub ahead of print. 30;382(18):1708-1720. DOI: 10.1056/NEJMoa2002032. PMID: 32109013;PMCID: PMC7092819]  [18: . Dhont, S., Derom, E., Van Braeckel, E. et al. The pathophysiology of ‘happy’ hypoxemia in COVID-19. Respir Res 21, 198 (2020). https://doi.org/10.1186/s12931-020-01462-5] 

A recent Delphi exercise based in UK primary care,[endnoteRef:19] involving 72 clinicians, set out to develop an early warning score for deterioration in COVID-19. The authors suggested the following to be valuable in predicting deterioration : pulse, shortness of breath or respiratory rate, trajectory of breathlessness, pulse oximeter reading (with brief exercise test if appropriate) or symptoms suggestive of hypoxia, temperature or fever symptoms, duration of symptoms, muscle aches, new confusion, shielded list and known risk factors for poor outcome. They suggest a scoring system, the sensitivity and specificity of which is yet to be assessed.  [19: 
. Greenhalgh T, Thompson P, Weiringa S, et al What items should be included in an early warning score for remote assessment of suspected COVID-19? qualitative and Delphi study BMJ Open 2020;10:e042626. doi: 10.1136/bmjopen-2020-042626.
] 


Managing COVID-19 by telemonitoring
[bookmark: _Hlk40340365]Proactive telemonitoring has the potential to identify deterioration early, and hence improve the patient’s eventual outcome. Telemonitoring systems can have built-in triggers which offer automatic advice to encourage people to seek help by phone or videolink if responses indicate significant deterioration.
[bookmark: _Hlk57275527][bookmark: _Hlk57275590][bookmark: _Hlk57275599]Telemonitoring has been adopted in several locations world-wide. As yet there are few published papers and no randomised controlled trials (RCT). Two RCTs are currently planned in the USA[endnoteRef:20] and another in Norway.[endnoteRef:21] The first aims to report in April and the second in December 2020, too late to inform implementation in Scotland. However two papers have been published one from the Netherlands[endnoteRef:22] and one from Minnesota USA[endnoteRef:23] which describe the early experience of two monitoring systems. In addition there is unpublished work from  Kaiser Permanente using a traditional telemonitoring system in Southern California and NHS England which used oximetry with regular telephone calls.  [20: . Use of Remote Monitoring for COVID-19 Patient (RPM) https://clinicaltrials.gov/ct2/show/NCT04425720
]  [21: . Sensor based vital signs monitoring of patients with clinical manifestation of Covid-19 disease during home isolationhttps://clinicaltrials.gov/ct2/show/NCT04335097
]  [22: . Silven AV, Petrus AHJ, Villalobos-Quesada M, Dirikgil E, Oerlemans CR et al. Telemonitoring for Patients With COVID-19: Recommendations for Design and Implementation. J Med Internet Res. 2020 Sep 2;22(9):e20953. doi: 10.2196/20953. PMID: 32833660; PMCID: PMC7473766.
]  [23: . Annis T, Pleasants S, Hultman G, Lindemann E, Thompson JA, Billecke S, Badlani S, Melton GB. Rapid implementation of a COVID-19 remote patient monitoring program. J Am Med Inform Assoc. 2020 Aug 1;27(8):1326-1330. doi: 10.1093/jamia/ocaa097. PMID: 32392280; PMCID: PMC7239139
] 


 (Silven et al)22 a paper from the Netherlands, is largely a description of how patients are enrolled and use the devices (thermometer,BP meter, oximeter),  the arrangement for support services, integration with current systems and how patients re discharged and equipment returned. Of 55 patients enrolled in the system no adverse events occurred and 5 of these 50 were subsequently admitted to hospital due to deterioration. Both patients and health care providers viewed the use of the system positively. The article ends with recommendations for further development of the system including the need for face-to-face recruitment, agreed selection criteria, target protocols , integration with clinical work-flow, privacy and ethical considerations and the need for evaluation. 

 (Annis et al)23 from Minnesota USA provides an early evaluation of a similar system. Implementation was aided by a history of telemonitoring in the area.  Recruitment was on the basis of suspected COVID. They describe results from 3701 patients enrolled in three versions of the system, the first two being symptom monitoring only. In the third version 657 patients were offered the opportunity to use pulse oximeters ( most similar to the proposed Scottish system) of whom 347 (54%) activated the system and 345 continued to use it. Over 10 days these 347 produced 524 alerts requiring first responder action. Reassuringly workload from the system was low. Satisfaction was high.  Figures on hospitalisation were given for the total sample of 2255/3701 patients who returned data in all three versions. Of these 91 has an emergency visit and 13 were admitted to hospital. These figures need to be interpreted with some caution as testing rates were low and many patients may not have had COVID. 

In as yet unpublished work from England  the NHS @home team tested a simple “virtual ward” model (COVID Care@Home) to support at risk groups by making pulse oximeters available for home testing of oxygen saturations levels and linking the individual by regular telephone call to a clinical team. Three pilot sites were stepped up to test clinical pathways, and data was evaluated by Imperial College from both the pilots and additional models being operated across the country. The work considered if remote monitoring pathways are safe and effective for COVID-19 patients, and whether earlier recognition, escalation, admission and treatment of deteriorating patients could save lives.
They recruited higher risk patients base on age >65,  or under 65 + BAME, underlying co-morbidities, learning difficulty and high risk professions. 
· Initial standardised assessment 
· Pulse oximeter, diary and supporting materials
· “Check-in” phone call at days 2, 5, 7, 10 and 12: standard script
· 24/7 access to advice and support
· Follow-up call at 14 days to “discharge” from the service

Key findings
· COVID care@home is safe and reports positive patient experience. The proposed assessment and treatment pathways, with associated assumptions on oxygen saturations and safety netting recommendations, are correct. Remote monitoring pathways can be set up in 3-4 weeks. We also have a defined the target patient group.
· However, the benefits are not yet proven. Due to the reduction in case numbers during the pilot period it was only possible to include 1,338 patients in the pilots, and it was challenging to identify a reliable comparator group. COVID-related mortality was rare in the monitored population (1.8%). As a result, it was not possible to demonstrate a significant difference in rates of hospital attendance or all-cause mortality, however there are other indicators of benefit.( unspecified)
· COVID care@home has strong clinical support, and is being implemented piecemeal in many areas of England. There are additional benefits in terms of the wider COVID response, integration with other services and public reassurance. These slides set out the proposed model of care and plans for implementation.

USA , S California, Kaiser Permanente:  In a meeting in June with Digital Health Innovation and the TEC COvid Response group, members of the clinical team from KP in  Southern California described a telemonitoring system they had set up to manage acute COVID at home. This consisted of a traditional telemonitoring system which alerted clinicians if symptoms or physiological parameters (temperature and pulse oximetery)were breached,  backed up by daily phone calls.  The full results are not yet available, but in personal correspondence  (14/10/20) the reported that since April they have enrolled >4000 patients,  physician engagement has been robust, they have used the system for early discharge and to monitor home oxygen therapy. They believe that patients are being safely managed at home with no reduction in care levels.  

Implementing telemonitoring in people with suspected or proven COVID-19
The best way to deliver telemonitoring will vary according to local care pathways and infrastructure, but all implementations have to address common challenges including usability, choice of which data to collect, devices and data transmission, and evaluation and optimisation. 

Data collection and devices (see table 1): Early data from the pandemic identified important predictors of serious disease including symptoms such as increasing breathlessness and high fever, and physiological metrics, such as pulse rate and oxygen saturation (SpO2) easily measured by low-cost devices. Raised respiratory rate, a strong predictor of poor outcomes, is more challenging to measure remotely,[endnoteRef:24],[endnoteRef:25] but, recently, pulse-oximeters which can estimate respiratory rate using the photoplethysmography (PPG) waveform and its amplitude variation[endnoteRef:26],[endnoteRef:27] have become available. During the COVID-19 pandemic, there have been supply-chain difficulties for medical devices including pulse oximeters, as worldwide demand has soared. This means that safe methods for collecting, cleaning and re-using equipment will be necessary. Along with data for immediate decision-making on the need for re-assessment, there is an opportunity to collect data to help characterise the natural history of the illness, contribute to future predictive algorithms and identify potential participants for mechanistic research, and clinical trials.  [24: . Centre for Evidence Based Medicine. Are there any evidence-based ways of assessing dyspnoea (breathlessness) by telephone or video? https://www.cebm.net/covid-19/are-there-any-evidence-based-ways-of-assessing-dyspnoea-breathlessness-by-telephone-or-video/  Last accessed 21/06/20
]  [25: . Rubio N, Parker RA, Drost EM, et al. Home monitoring of breathing rate in people with chronic obstructive pulmonary disease: observational study of feasibility, acceptability, and change after exacerbation. Int J Chron Obstruct Pulmon Dis. 2017;12:1221–1231. doi:10.2147/COPD.S120706 PMID: 28458534
]  [26: . L’Her, E., N’Guyen, Q., Pateau, V. et al. Photoplethysmographic determination of the respiratory rate in acutely ill patients: validation of a new algorithm and implementation into a biomedical device. Ann. Intensive Care 9, 11 (2019). https://doi.org/10.1186/s13613-019-0485-z PMID: 30666472
]  [27: . Masimo. MIghtySat RxFingertip pulse oximeter.  https://www.masimo.co.uk/products/monitors/spot-check/mightysatrx/ Last Accessed 05.04.20
] 

Usability: Systems should be selected that are as simple as possible for clinicians to deploy and explain to patients, for patients (or their carers) to interact with, and for clinicians to access data they send back. Unnecessary features or complexity will reduce adoption, scale-up and spread.[endnoteRef:28] [28: . Greenhalgh T, Wherton J, Papoutsi C et al. Beyond Adoption: A new framework for theorizing and evaluating nonadoption, abandonment, and challenges to the scale-Up, spread, and sustainability of health and care technologies. J Med Internet Res 2017;19(11):e367 PMID: 29092808
] 

Data transmission: Ideally, systems should work across a range of mobile phones, tablets and computers, and touch tone phones and link to health service systems using open standards so that the service obtains timely robust data which are critical to managing workload. Telemonitoring systems that require patients to subscribe using their own smartphones or tablet PCs, or that use closed-access data systems, could exclude more vulnerable older and poorer people who are less likely to have a smartphone or internet access.[endnoteRef:29]  [29: . Office for National Statistics. Exploring the UK’s Digital Divide. https://www.ons.gov.uk/peoplepopulationandcommunity/householdcharacteristics/homeinternetandsocialmediausage/articles/exploringtheuksdigitaldivide/2019-03-04. Last Accessed 12/04/20
] 

[bookmark: _Hlk40340413]Setting triggers for symptom and physiological measurements: As evidence accumulates it is becoming clearer which patterns of symptoms or SpO2 levels are the best markers of early deterioration, so initial alert levels are based on expert clinical judgement19 and extrapolation from other conditions and on national advice.[endnoteRef:30] Linkage of telemonitoring data to outcomes (reassessment, admission to hospital, need for respiratory support or ICU, death) will allow tailoring of alert thresholds to the condition. [30: . NHS England. Pulse oximetry to detect early deterioration of patients with COVID-19 in primary and community care settings. https://www.england.nhs.uk/coronavirus/wp-content/uploads/sites/52/2020/06/C0445-remote-monitoring-in-primary-care.pdf Last accessed 21/06/20
] 

Selecting patients for monitoring: Decisions as to who should be monitored will depend on the scale of the pandemic and the availability of resources. People at higher risk of admission should be offered monitoring. Two UK based risk calculators are available both based on UK patient outcome data.  
COVID-AGE[endnoteRef:31] summarises vulnerability to COVID for different combinations of risk factors including age, sex and ethnicity and various health problems. It works by “translating” the risk associated with each factor into years which are added to (or subtracted from) an individual’s actual age.  This then gives a single overall measure of vulnerability. It can be used in people with no underlying medical conditions or multiple medical conditions. One measure combines all of an individual’s risk factors with their actual age. Vulnerability is considered very high if the combined age is ≥85, high 70-84, moderate 50-69 and low <50. There is an online aplet to calculate risk.  [31: . COVID-19 Medical Risk Assessment https://alama.org.uk/covid-19-medical-risk-assessment/
] 

QCOVID[endnoteRef:32] makes use of primary care datasets linked to COVID outcomes. It takes into account a wider range of factors than COVID-AGE and includes post-code and deprivation data. There is the potential to link this to individual GP patient data to calculate an individual overall risk of death or serious outcome.  [32: . Clift AK, Coupland CAC, Keogh RK et al Living risk prediction algorithm (QCOVID) for risk of hospital admission and mortality from coronavirus 19 in adults: national derivation and validation cohort study. BMJ 2020;371:m3731
] 


Evaluation and optimisation: COVID-19 requires a rapid implementation at scale of a new kind of telemonitoring. There needs to be awareness of the potential risks of telemonitoring, such as over-reliance on physiological parameters by inexperienced clinicians, poor adherence to self-monitoring, or faulty equipment. For example, the afore mentioned significance of changes in SpO2 in the context of COVID-19 is uncertain. Younger people, for example, are able to initially maintain SpO2 through increased respiratory effort and the associated left shift of the dissociation curve due to hypocapnea, but are then at risk of rapid decompensation and deterioration , [endnoteRef:33] alongside the emerging reports that others experience only mild breathlessness despite a very low SpO2.[endnoteRef:34] A normal SpO2 in the presence of breathlessness may or may not therefore be misleading. Asking the patient to exercise (for example, a 1-minute brisk walk back and forth in their room) followed by re-measurement may demonstrate desaturation in borderline patients and could be reassuring if stable, but this is not certain. Respiratory rate measurement when it becomes readily available should be helpful in the interpretation of SpO2. Any implementation therefore needs to be within an evaluative framework which examines impact on workload, utility to clinicians, usability, acceptability to patients and equity of access. In particular, rapid feedback of evaluation findings will be needed to modify and optimise the intervention, considering the value of different components of any intervention, and modify them as required (for example, by altering trigger levels for advice, and removing those elements that are not found to be predictive of deterioration or are clinically unhelpful). [33: . Woollard, M. and Greaves, I. Shortness of breath. Emergency Medicine Journal, 21(3), 341-350, doi: 10.1136/emj.2004.014878 PMID: 15107381
]  [34: . Quinn T, Craven T, Dockrell D, Walsh T, Guthrie B, McKinstry B, Dhaliwal K. https://blogs.bmj.com/bmj/2020/06/12/identifying-severe-cases-of-covid-19-in-the-community/
] 


Further research
In order to maximise the effectiveness of self-isolation but ensure that those who need hospital assessment and treatment are rapidly identified and referred, we must urgently carry out observational studies. We need to understand the natural history of progression, confirm which types of data are most useful and develop prediction tools to identify reliably those needing escalation of care, as well as identify participants for drug trials. Electronic collection of time-stamped telemonitoring data can facilitate the development of predictive algorithms[endnoteRef:35] [15,16], which, in turn, can be used continuously to improve processes, define what helps and what does not, and rapidly devise systems which are implementable at large scale.  [35: . Orchard P, Agakova A, Pinnock H et al. Improving Prediction of Risk of Hospital Admission in Chronic Obstructive Pulmonary Disease: Application of Machine Learning to Telemonitoring Data. J Med Internet Res. 2018;20(9):e263. doi: 10.2196/jmir.9227. PMID: 30249589
] 

Conclusion
Routine telemonitoring of those at greater risk offers the potential to detect deterioration, and to provide regular support and advice without compromising quarantine and exposing healthcare workers to unnecessary risk. 

Table 1: Types of telemonitoring data 
· Regular collection of symptom data: 
· Breathlessness – At rest, on minimal activity (walking across room on the flat), and more challenging (stairs, dressing, bathing)
· Cough
· Fever
· Others which may help characterise the illness (e.g. myalgia, fatigue, taste/smell, rhinorrhoea, diarrhoea, conjunctivitis)
· Physiological parameters:
· Using simple/commonly available devices – pulse rate, SpO2 (after 20 minutes seated and after 1 minute walking/sit to stand), temperature 
· Less readily available - respiratory rate, cardiac rhythm 













Figure 1: Proposed Scottish telemonitoring system for COVID-19. 
[image: ]Usability: The key principle of the Scottish system is that telemonitoring has to be simple enough that it maximises the proportion of people at risk who can use it, and can be deployed with minimal training. Suspected COVID patients attending an assessment centre, who are to be discharged home, can be enrolled in the telemonitoring system, given a pack with equipment, and information on its use. Patients are advised that telemonitoring is just an aid and that any significant symptom or oximetry deterioration at any time should prompt an immediate contact for advice rather than waiting for the next routine request for data. At least once daily, records of active patients are scanned to ensure data is being sent and that appropriate action has been taken by the patient. At the end of a fortnight patients are asked to return the equipment, unless still symptomatic when the observation period is extended.
Data collection: A daily symptom diary is collected, covering change in breathlessness from the day before, current severity of breathlessness, fever, cough, and other potentially relevant symptoms. Patients are asked to record their temperature and pulse oximetery twice daily, with pulse oximetery readings at both rest (after 20 minutes seated) and after walking on the flat for one minute. 
Device and data transmission: The Scottish system uses commercially available pulse oximeters, and a telemonitoring platform which will work by App, internet, SMS text or touch tone phone [14] and which is configured for secure data delivery to NHS systems. Patients are texted reminders to text symptom diaries and temperature/pulse oximetry data back to a central server which collates a report for the clinical team. Patients whose symptoms or pulse oximetry data suggest deterioration (e.g. significantly increased breathlessness at rest, SpO2 <94% at rest or following minimal exercise in a previously well person are advised to phone 999. Borderline oxygen saturation (94 or 95) which is lower than the previous recorded reading prompts a message to telephone for advice as does a resting pulse rate >100 beats per minute, fever of >38.0 for 5 consecutive days or any fever of >38.5. 



The potential for remote monitoring of patients discharged from hospital with COVID-19 

Early discharge from hospital for COVID patients can free up valuable beds both for new COVID sufferers and also to allow hospitals to get back to normal in treating non-COVID patients. However, increasingly it is being recognised that patients discharged from hospital, having been diagnosed and treated for COVID-19, have the potential to subsequently deteriorate and require re-admission or die. A rapid literature review has found 6 papers which explored the characteristics of patients who were subsequently readmitted to hospital. These papers reflect the experience from early in the pandemic when less was known about effective treatment of COVID-19.  Three papers are from the USA[endnoteRef:36],[endnoteRef:37],[endnoteRef:38]  and one each from Spain[endnoteRef:39], England[endnoteRef:40] and Korea[endnoteRef:41]. [36: . Somani S, Richter F, Fuster V, De Freitas J, Naik N, Sigel K, Boettinger EP, Levin MA, Fayad Z, Just AC, Charney A, Zhao S, Glicksberg BS, Lala A, Nadkarni G. Characterization of Patients Who Return to Hospital Following Discharge from Hospitalization For COVID-19. medRxiv [Preprint]. 2020 May 22:2020.05.17.20104604. doi: 10.1101/2020.05.17.20104604. Update in: J Gen Intern Med. 2020 Aug 19;: PMID: 32511547; PMCID: PMC7274228.
]  [37: . Donnelly JP, Wang XQ, Iwashyna TJ, Prescott HC. Readmission and Death After Initial Hospital Discharge Among Patients With COVID-19 in a Large Multihospital System. JAMA. 2020 Dec 14:e2021465. doi: 10.1001/jama.2020.21465. Epub ahead of print. PMID: 33315057; PMCID: PMC7737131.
]  [38: . Lavery Am, Preson LE, Kho JY, Chevinsky JR, DeSisto CL et al Characteristics of Hospitalized COVID-19 Patients Discharged and Experiencing Same-Hospital Readmission — United States, March–August 2020  CDC file:///D:/active%20research/telemedicine/COVID-19/oversight%20group%20evidence/mm6945e2-H%20lavery%20et%20al%20CDC.pdf
]  [39: . Parra LM, Cantero M, Morrás I, Vallejo A, Diego I, Jiménez-Tejero E, Múñez E, Asensio Á, Fermández-Cruz A, Ramos-Martinez A; Puerta de Hierro Hospital Admission Study Group. Hospital Readmissions of Discharged Patients with COVID-19. Int J Gen Med. 2020 Dec 2;13:1359-1366. doi: 10.2147/IJGM.S275775. PMID: 33299342; PMCID: PMC7719438.
]  [40: . Rokadiya S, Gil E, Stubbs C, Bell D, Herbert R. COVID-19: Outcomes of patients with confirmed COVID-19 re-admitted to hospital. J Infect. 2020 Sep;81(3):e18-e19. doi: 10.1016/j.jinf.2020.07.007. Epub 2020 Jul 8. PMID: 32652166; PMCID: PMC7342032.
]  [41: . Jeon WH, Seon JY, Park SY, Oh IH. Analysis of Risk Factors on Readmission Cases of COVID-19 in the Republic of Korea: Using Nationwide Health Claims Data. Int J Environ Res Public Health. 2020;17(16):5844. Published 2020 Aug 12. doi:10.3390/ijerph17165844
] 

Readmission rates varied from 3.6% in New York to 19.9% among US veterans (see table 1).  This variation may reflect admission and discharge policies in particular institutions and the demography of their patients (for example, hospitals in Korea admitted most people with COVID almost regardless of symptoms, the US veterans has a largely elderly population). 
Across all 6 papers the median number of days to readmission varied between 4.5 and 10 days. The primary reason for re-admission was less clear but mainly due to respiratory complications (COVID or secondary infection), pulmonary embolus and heart failure.  In the papers that reported it, oxygen saturation was reduced in those who were readmitted. 
Predictors of readmission varied in each series, but usually included; age >65, male sex, shorter hospital stay with fewer investigations, presence of co-morbidities (Charlson comorbidity index (CCI) score ≥ 2).  In some series other factors included; hypertension (tended to drop out in logistic regression), chronic kidney disease, white race (USA), not had anti-coagulation, (DDimer at discharge higher in those subsequently admitted with pulmonary embolus) and immunosuppression. In general patients who had shorter admissions and relatively uncomplicated stays were more at risk of re-admission. 
There is no specific evidence that identifying patients, at an earlier stage, whose condition is deteriorating following discharge after COVID-19, results in better outcomes. However, it would seem sensible in the light of what is known about the management of COVID-19.  Potentially, similar observations to those newly diagnosed with COVID-19 could be useful (Symptoms of breathlessness, oxygen saturation, pulse rate, temperature).  It is not clear however, at what level symptom and physiological triggers should be set, given that at the time of discharge some patients will have lower exercise capacity than they had previously, will often feel fatigued and, if they have significant lung damage, may have lower resting oxygen saturation and will desaturate following exercise. It may be that these may have to be individually tailored, or restricted to those discharged with relatively few symptoms and signs.
A rapid review found five recent papers (two from the USA,[endnoteRef:42],[endnoteRef:43] and one each from Spain,[endnoteRef:44] Ireland[endnoteRef:45] and Netherlands[endnoteRef:46] see table 2) which addressed, at least in part, the use of telemonitoring for step-down discharged patients with COVID-19. The patient demography varied from study to study, for example in one study a considerable proportion of patients were discharged on domiciliary oxygen.11 Patients in the studies were generally younger than patients normally admitted to hospital with COVID-19 in Scotland (median ages ranged from 48-54). Most follow-up systems used pulse oximetry and some also temperature and a variety of symptom questions. Post discharge observations were around 14 days where this was stated. Triggers for saturation alerts varied from ≤94% to <90%. The only stated temperature alert was > 103oF (38oC) and one had a pulse alert of >120bpm. The number of alerts varied greatly over the different systems. Temperature was the biggest cause of alerts in the systems that used it. Hospital admissions rates varied from 22% to zero. This variation is probably as a result of case-mix and of policy on response to trigger (despite 11 triggers for SaO2 <90% one group admitted no-one!)  [42: . Gordon WJ, Henderson D, DeSharone A, Fisher HN, Judge J, Levine DM, MacLean L, Sousa D, Su MY, Boxer R. Remote Patient Monitoring Program for Hospital Discharged COVID-19 Patients. Appl Clin Inform. 2020 Oct;11(5):792-801. doi: 10.1055/s-0040-1721039. Epub 2020 Nov 25. PMID: 33241547; PMCID: PMC7688410.
]  [43: . Ford D, Harvey JB, McElligott J, King K, Simpson KN, Valenta S, Warr EH, Walsh T, Debenham E, Teasdale C, Meystre S, Obeid JS, Metts C, Lenert LA. Leveraging health system telehealth and informatics infrastructure to create a continuum of services for COVID-19 screening, testing, and treatment. J Am Med Inform Assoc. 2020 Dec 9;27(12):1871-1877. doi: 10.1093/jamia/ocaa157. PMID: 32602884; PMCID: PMC7337763.]  [44: . Morcillo C. Marzal D, Velazquez J, Tomas JF. Remote Monitoring of Patients with COVID-19 after Hospital Discharge with Connected Health Platform: Outcomes and Quality of Life. 
 JOURNAL OF INTEGRATIVE CARDIOLOGY OPEN ACCESS. http://dx.doi.org/10.31487/j.JICOA.2020.05.05 
]  [45: . O'Carroll O, MacCann R, O'Reilly A, Dunican EM, Feeney ER, Ryan S, Cotter A, Mallon PW, Keane MP, Butler MW, McCarthy C. Remote monitoring of oxygen saturation in individuals with COVID-19 pneumonia. Eur Respir J. 2020 Aug 13;56(2):2001492. doi: 10.1183/13993003.01492-2020. PMID: 32616588; PMCID: PMC7331654.
]  [46: . Grutters LA, Majoor KI, Mattern ESK, et al. Home telemonitoring makes early hospital discharge of COVID-19 patients possible. J Am Med Inform Assoc 2020:ocaa168. doi: 10.1093/jamia/ocaa168] 

None of the papers presented an economic evaluation of telemonitored discharged patients.
This a rapid review and therefore some papers may have been missed. However, It certainly seems feasible to telemonitor  discharged patients and this may allow clinicians to discharge patients a little earlier than they may otherwise have with the reassurance that they are still being monitored, saving valuable hospital beds. 

Recommendations 
It is recommended that  a clinician advisory group be formed to review this area to determine
· If COVID-19 post discharge monitoring is likely to be helpful
· What the components of post-discharge monitoring should be 
· What appropriate triggers should be (e.g. is it likely that these will have to be tailored to individuals or would existing COVID monitoring triggers be appropriate)
· Which types of people are likely to be suitable for post discharge monitoring
· Who would be best to have overall charge of such patients (e.g. respiratory nurse team, GP although this will vary according to local arrangements )




Table 1 Studies exploring risk factors for re-admission
	Author/ref
	Number of patients discharged
	Time period
	country
	Readmissions (%readmitted)
	Associated factors
	Time to readmission
	Reason for return

	[bookmark: _Hlk61939211]Jeon WH, Seon JY, Park SY, Oh IH. Analysis of Risk Factors on Readmission Cases of COVID-19 in the Republic of Korea: Using Nationwide Health Claims Data. Int J Environ Res Public Health. 2020;17(16):5844. Published 2020 Aug 12. doi:10.3390/ijerph17165844
	7590 
	All patients up to 15th May 2020
	Korea
	328 (4.5%)
	Gender (m>F)
Age >65
[bookmark: _Hlk61940032]Co-morbidities (CCI score≥2) diabetes hypertension, demenia)
Length of stay ( shorter worse)
Reduced use of 
investigations CXR, CT, 
	Not stated
	Not stated

	[bookmark: _Hlk61939040]Somani S, Richter F, Fuster V, De Freitas J, Naik N, Sigel K, Boettinger EP, Levin MA, Fayad Z, Just AC, Charney A, Zhao S, Glicksberg BS, Lala A, Nadkarni G. Characterization of Patients Who Return to Hospital Following Discharge from Hospitalization For COVID-19. medRxiv [Preprint]. 2020 May 22:2020.05.17.20104604. doi: 10.1101/2020.05.17.20104604. Update in: J Gen Intern Med. 2020 Aug 19;: PMID: 32511547; PMCID: PMC7274228.
	2864 
	February
27 and April 12, 2020,

	New York USA
	103 (3.6%)
	COPD, hypertension
Length of stay shorter 4.5 v 6.7 less likely to have required ICU and anticoagulation pulse oximetry 96 (as opposed to 95)
BMI lower
	Median 4.5 days
	respiratory distress (50%).

	[bookmark: _Hlk61939078]Donnelly JP, Wang XQ, Iwashyna TJ, Prescott HC. Readmission and Death After Initial Hospital Discharge Among Patients With COVID-19 in a Large Multihospital System. JAMA. 2020 Dec 14:e2021465. doi: 10.1001/jama.2020.21465. Epub ahead of print. PMID: 33315057; PMCID: PMC7737131.
	1775 
	March 1–June 1, 2020
	USA Veterans administration 132 VA hospitals
	354 (19.9%)

(162 died
	Length of stay  (shorter worse)
	Within  first 10 days ( for death or readmission 1.43 ( after less likely)
	readmission diagnoses 
COVID-19 (30.2%), sepsis (8.5%), pneumonia (3.1%), and heart
failure (3.1%).

	[bookmark: _Hlk61939154]Parra LM, Cantero M, Morrás I, Vallejo A, Diego I, Jiménez-Tejero E, Múñez E, Asensio Á, Fermández-Cruz A, Ramos-Martinez A; Puerta de Hierro Hospital Admission Study Group. Hospital Readmissions of Discharged Patients with COVID-19. Int J Gen Med. 2020 Dec 2;13:1359-1366. doi: 10.2147/IJGM.S275775. PMID: 33299342; PMCID: PMC7719438.
	
 1368
	26 Feb to 20 April
	Madrid SPAIN
	61 (4.4%)
	Immunosupressed people. Hypertension   associations  (small numbers)

Trend towards older, male, 

 Neutrophil-to-lymphocyte ratio at hospital admission tended to be higher in cases 

 Patients who were readmitted due to a thrombotic event (8 patients, 13.1%) presented a higher level of D-dimer at discharge of initial admission.
No relation to  O2sats
	Median 6 days
	Pneumonia, HF, bacterial super infection 

More likely to have had fever 48 hours at discharge

	[bookmark: _Hlk61939112]Lavery Am, Preson LE, Kho JY, Chevinsky JR, DeSisto CL et al Characteristics of Hospitalized COVID-19 Patients Discharged and Experiencing Same-Hospital Readmission — United States, March–August 2020  CDC file:///D:/active%20research/telemedicine/COVID-19/oversight%20group%20evidence/mm6945e2-H%20lavery%20et%20al%20CDC.pdf 
	106,543
	March–July 2020
(readmissions within 2 months)
	USA
	9,504 (9%)
	Age (>65),  co-morbidities COPD, HF, CKD ( previous hospital admission in 3 months), Whites races, 
	Median 8 days
	‘Infectious diseases’ primarily COVID 45%, ‘circulatory’ and digestive systems

	[bookmark: _Hlk61939181]Rokadiya S, Gil E, Stubbs C, Bell D, Herbert R. COVID-19: Outcomes of patients with confirmed COVID-19 re-admitted to hospital. J Infect. 2020 Sep;81(3):e18-e19. doi: 10.1016/j.jinf.2020.07.007. Epub 2020 Jul 8. PMID: 32652166; PMCID: PMC7342032.
	391
	09/03/2020
To  30/04/2020.
	Middlesex England
	39 (9.9%)
	Older age  (73 v 59). Male, comorbidity, hypertension diabetes
	Average 10 days
	Dyspnoea, SaO2 on readmission 90.5% lower in dyspnoea group 82%. Higher CRP




Table 2 Trials of telemonitoring post discharge

	
	country
	Number of cases
	Content and mode of contact
	Number of alerts
	Number of reviews
	Number of admissions
	ICU admissions
	Age of patients
	triggers
	Number of days

	O'Carroll O, MacCann R, O'Reilly A, Dunican EM, Feeney ER, Ryan S, Cotter A, Mallon PW, Keane MP, Butler MW, McCarthy C. Remote monitoring of oxygen saturation in individuals with COVID-19 pneumonia. Eur Respir J. 2020 Aug 13;56(2):2001492. doi: 10.1183/13993003.01492-2020. PMID: 32616588; PMCID: PMC7331654.
	Ireland
	18
	SaO2

Analogue breathlessness scale

Patient App and SMS text to clinicians
	51 (2.8 per patient)
	5 (10% of alerts)
	4 (22% of cases)
	Not stated
	48
	≤94%

(median alert was 91%)
	14

	Grutters LA, Majoor KI, Mattern ESK, et al. Home telemonitoring makes early hospital discharge of COVID-19 patients possible. J Am Med Inform Assoc 2020:ocaa168. doi: 10.1093/jamia/ocaa168
	Netherlands
	33 (20 had home  oxygen)
	SaO2
symptom score

App
	238 (7.2 contacts per patient)
	6 (18% of cases)
?PE 3
	3 (9% of cases)
	
Not stated
	57
	Not stated
	13.4

	Gordon WJ, Henderson D, DeSharone A, Fisher HN, Judge J, Levine DM, MacLean L, Sousa D, Su MY, Boxer R. Remote Patient Monitoring Program for Hospital Discharged COVID-19 Patients. Appl Clin Inform. 2020 Oct;11(5):792-801. doi: 10.1055/s-0040-1721039. Epub 2020 Nov 25. PMID: 33241547; PMCID: PMC7688410.
	USA
	225
	SaO2
temperature Symptoms 

App
	72 vital sign alert (saturation 11, temp 239,  in total, 
	868 calls 
	66
	Not stated
	56
	<92%
Temp > 103F (≥38)
	181 completed 14 or 21 median 11

	Morcillo C. Marzal D, Velazquez J, Tomas JF. Remote Monitoring of Patients with COVID-19 after Hospital Discharge with Connected Health Platform: Outcomes and Quality of Life. 
 JOURNAL OF INTEGRATIVE CARDIOLOGY OPEN ACCESS. http://dx.doi.org/10.31487/j.JICOA.2020.05.05 

	Spain
	95
	SaO2
Pulse rate

Symptoms

QOL

App
	11 for <90%. 5 for HR > 120 bpm, 80 for pain. 
	
	0
	0
	54
	<90% pulse >120
	

	Ford D, Harvey JB, McElligott J, King K, Simpson KN, Valenta S, Warr EH, Walsh T, Debenham E, Teasdale C, Meystre S, Obeid JS, Metts C, Lenert LA. Leveraging health system telehealth and informatics infrastructure to create a continuum of services for COVID-19 screening, testing, and treatment. J Am Med Inform Assoc. 2020 Dec 9;27(12):1871-1877. doi: 10.1093/jamia/ocaa157. PMID: 32602884; PMCID: PMC7337763.
 MAINLY PRE ADMISSION

	USA
	154
(10% at high risk of complications)
	SaO2

Temperature

App
	709 ‘encounters’
	22
	4
	Not stated
	Not stated
	Not stated
	Not stated
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