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a b s t r a c t 

It is unknown whether some of the clinical parameters transmitted by remote monitoring (RM) of car- 

diac implanted devices could show recurrent patterns caused by COVID-19 infection. Our aim was to 

describe RM daily temporal trends for implantable cardioverter defibrillator (ICD) or cardiac resynchro- 

nization therapy defibrillator (CRT-D) recipients during COVID-19 infection. 

A 65-year-old woman with a CRT-D had a sudden increase of approximately 15 bpm and 10 bpm in 

nocturnal and mean heart rate, respectively, 11 days before hospitalization for COVID-19 pneumonia. At 

the same time physical activity decreased progressively and continuously. 

A 78-year-old woman with an ICD showed significant changes in RM trends starting from the COVID-19- 

related symptoms: strong decrease in physical activity, progressive increase in mean and nocturnal heart 

rate, irregular trend of heart rate variability, and rapid drop in thoracic impedance. Two months later, on 

hospitalization, computed tomography showed a “crazy-paving” pattern of the lungs, which is a clinical 

picture of COVID-19 pneumonia with concomitant pleural effusion. 

< Learning objective: Patients with complications related to the COVID-19 infection appeared to show 

variations in the remote monitoring (RM) temporal trends of clinical variables daily transmitted from 

implanted cardiac devices. These changes may not be specific to COVID-19, but owing to the severity 

of the pandemic, the use of RM to capture patient’s condition makes intuitive sense for early diagnosis, 

intervention, and additional follow-up in this high-risk population. > 

© 2021 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved. 
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ntroduction 

Patients with concomitant cardiac disease and coronavirus dis- 

ase 2019 (COVID-19) have an extremely poor prognosis [1] . Many 

f them are cardiac implantable electronic device (CIED) recipients 

nd could be followed with remote monitoring (RM) systems that 

re widely used in clinical practice. Beyond technical data for de- 

ice functioning surveillance, these systems provide a wide range 

f clinical diagnostics, such as mean heart rate, heart rate vari- 

bility, physical activity, and thoracic impedance. It is unknown 

hether some of these parameters could show recurrent patterns 

uring COVID-19 infection to be potentially used for early diag- 

osis, isolation, and treatment. In this case series, we describe 

M temporal trends for one patient with cardiac resynchroniza- 
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ion therapy defibrillator (CRT-D) and one with implantable car- 

ioverter defibrillator (ICD) who developed severe acute respira- 

ory syndrome coronavirus-2 (SARS-CoV-2). 

ase 1 

A 65-year-old woman with chronic ischemic disease, hyperten- 

ion, and diabetes underwent CRT-D implantation in November 

018 due to symptomatic severe left ventricular dysfunction and 

eft bundle branch block. The implanted device was equipped with 

he Home Monitoring system (Biotronik, Berlin, Germany), a well- 

nown RM technology characterized by daily and automatic trans- 

issions through a mobile patient unit. Daily diagnostics data are 

vailable in a protected website for physician reviewing. 

She presented at the emergency room of our hospital on March 

th, 2020 for dyspnea onset. She was tachypneic, but afebrile and 

enied any recent travel or sick contacts during the past 20 days. 
erved. 
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Fig. 1. 

( A ) Chest computed tomography images at hospital admission of case 1. 

( B ) Chest computed tomography images at hospital admission of case 2. 

The red arrows point to the “crazy-paving” pattern of the lungs, which 

is a clinical picture of SARS-CoV-2 pneumonia. 
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he electrocardiogram demonstrated sinus rhythm with CRT pac- 

ng and the echocardiography confirmed a dilated cardiomyopathy 

ithout signs of pleural effusion. Laboratory analysis included C- 

eactive protein 6.29 mg/dL, lactic acid dehydrogenase 1057 U/L, 

roponin level 401 ng/L, and white blood cell count 300/mm 

3 . The 

adiological and computed tomography (CT) images of the chest 

ere compatible with pulmonary edema, but did not exclude bi- 

ateral interstitial pneumonia ( Fig. 1 A). 

The patient was hospitalized and tested for COVID-19 that 

esulted positive. She was started on oral hydroxychloroquine 

00 mg daily for 7 days. A bladder catheter was inserted to mon- 

tor fluid balance. During hospitalization her respiratory status re- 

uired oxygen therapy at high flows without mechanical intuba- 

ion. 

On March 18th, after 9 days of hospital stay, the patient was 

ischarged. She was permanently afebrile, with discrete oxygen 

aturation (94% on room air) and with a clinical and radiological 

rend of continuous improvement of the inflammation and pul- 

onary edema status. The patient died suddenly the next day at 

ome from unknown cause and with no evidence of arrhythmia 

ransmitted by the RM system. 

Fig. 2 depicts the daily temporal trends of RM diagnostics over 

he 1-month period before last transmission (March 19th). The gap 

f transmissions covered the hospital stay since the patient did 

ot bring her mobile patient unit to the hospital. In the preced- 

ng period, the patient activity decreased progressively and con- 

inuously starting from February 27th, 11 days before emergency 

oom admission, showing an almost complete inactivity in the last 

ays (values lower than 5% per day in the last week). With the 

ame timing, increases in the mean (from 60 bpm to 70 bpm) and 

octurnal (from 54 to 70 bpm) heart rates were observed. Differ- 

ntly from the progressive decrease of patient activity, heart rate 

uddenly increased 11 days before hospitalization. Heart rate vari- 
69 
bility appeared to be affected by the disease progression a few 

ays later (starting from March 2nd), showing values around 30 ms 

uch lower than the average value of 80 ms observed in the pre- 

eding period, except for a higher outlier value just before admis- 

ion. Interestingly, the thoracic impedance had a less evident trend. 

tarting from values above 60 Ohm, it had a progressive decrease 

rom February 21st (17 days before emergency room admission) to 

ebruary 25th. After this variation, thoracic impedance values re- 

ained quite stable until hospitalization. 

ase 2 

A 78-year-old woman was implanted in June 2017 with a dual- 

hamber ICD with the Home Monitoring system due to dilated car- 

iomyopathy with severe left ventricular dysfunction, brady-tachy 

yndrome and heart failure symptoms (New York Heart Association 

lass III during atrial arrhythmic episodes). A few months later, due 

o the progression of the atrial arrhythmia to persistent forms, we 

ecided to set the device in DDI pacing mode and apply a rate 

ontrol approach. The ventricular rate was well controlled without 

pisodes of worsening heart failure reported in the following pe- 

iod. 

On March 25th, 2020, the husband of the patient died from 

cute respiratory distress syndrome in hospital with positive 

OVID-19 testing. In the same week, the patient started to present 

ough, shortness of breath, and intermittent fever, but she refused 

ospitalization. Due to resources limitation, the pharyngeal swab 

or the detection of SARS-CoV-2 antigen was not performed and 

he patient was followed remotely as a highly suspected case of 

OVID-19, but without specific therapy for the infection. The dys- 

nea and low tolerance to physical effort s persisted for the fol- 

owing period, but the patient decided to accept the hospitaliza- 

ion only two months later, on May 21st, when the pandemic peak 

n the region was terminated. Intravenous diuretics and inotropic 

gents were administrated as acute intervention for heart failure. 

t hospital admission COVID-19 testing was negative, but the CT 

howed a “crazy-paving” pattern of the lungs, which is a clini- 

al picture of previous SARS-CoV-2 pneumonia with concomitant 

leural effusion ( Fig. 1 B). The clinical picture of the patient im- 

roved with hospital therapy and she was discharged on June 5th. 

Fig. 3 depicts the daily temporal trends of RM diagnostics over 

he 6-month period before hospital discharge (June 5th). Starting 

rom the week of symptoms onset (March 9th–16th), the patient 

ctivity had a strong decrease with low values until hospitaliza- 

ion (May 21st). The mean and nocturnal ventricular heart rate in- 

reased progressively from symptoms onset reaching peak values 

f 140 and 130 bpm, respectively. The heart variability started to 

e more variable a few weeks after symptoms, while the thoracic 

mpedance had a continuous decreasing trend until hospitalization. 

iscussion 

Daily RM provides a wide spectrum of continuous information 

rom CIED patients that has been demonstrated to improve clinical 

utcomes for patients with heart failure [2] . In the COVID-19 pan- 

emic scenario, this may be a useful tool for patients predisposed 

o the infection. This hypothesis is still more meaningful consider- 

ng that patients with cardiovascular diseases who are infected by 

he virus have an elevated risk of adverse outcomes [ 1 , 3 , 4 ]. 

Further research could be addressed on the potential use of RM 

or early diagnosis, isolation, and treatment of infection in CIED pa- 

ients. The feasibility of this approach should be tested preliminar- 

ly to understand if some of the available parameters show recur- 

ent patterns during infection. In this paper, we described RM tem- 

oral trends for two CRT-D/ICD patients with confirmed or highly 

uspected COVID-19. 



G. Mascioli, E. Lucca, L. Annunziata et al. Journal of Cardiology Cases 24 (2021) 68–71 

Fig. 2. 
Remote monitoring temporal trends during COVID-19 infection for case 1. Red dashed line represents the day of emergency room admission, while missing 

transmissions covered the period of hospital stay. Graph represents daily values. 

Fig. 3. 
Six-month remote monitoring temporal trends of case 2. Red dashed line represents the day of emergency room admission, while missing transmissions covered 

the period of hospital stay. Graph represents mean values per week with standard deviation. 
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The first case showed a significant and sudden increase in mean 

nd nocturnal heart rate. Interestingly, this jump occurred almost 

 weeks in advance of hospital admission. Nocturnal and mean 

eart rates had their peak the first day of the increasing trend with 

n overlapping value greater than 70 bpm. The effect of COVID-19 

n heart rate is not completely clear to date, but tachycardia is a 

uite common finding in community-acquired pneumonia [5] . In 

ur case, a jump in mean/nocturnal heart rate was the first RM 

bservation and was associated with a progressive and continu- 

us decrease in physical activity that should reflect the increas- 

ng patient’s symptoms. These changes could be similar to what is 

bserved also during other infectious disease and, therefore, it is 

ossible to hypothesize a low specificity for the COVID-19. It is in- 

eresting to note the quite stable trend of thoracic impedance that 

ould be associated with the absence of signs of pleural effusion 

nd potentially be related to a fibrotic pneumonia. 

In the second case, significant changes in RM trends appeared 

imultaneously with patient symptoms and, therefore, can be con- 

idered less promising in terms of early warning. However, it is im- 

ressive how all the parameters showed a picture that clearly char- 

cterized a profound decompensation that was later confirmed. 

n fact, it is known that decreased activity, increased heart rate, 

nd decreased thoracic impedance before admission are consistent 

ith the passage of time during exacerbation of heart failure. From 

hese RM data, we cannot determine whether heart failure has 

een exacerbated in association with COVID-19 infection, because 

ven if not infected with COVID-19, if heart failure worsens, this 

ime course may be followed. However, the observed RM findings 

ay be useful for early patient contact, particularly in suspected 

OVID-19 where early reversal of respiratory failure could lead to 

mprovements in hemodynamics even in the absence of direct car- 

iac support. 
71 
In conclusion, patients with complications related to the COVID- 

9 infection appeared to show variations in the RM temporal 

rends of clinical variables daily transmitted from implanted car- 

iac devices. From only two cases, these changes cannot be con- 

idered characteristics of the infection and likely are not specific 

o COVID-1 9, but owing the severity of the pandemic, further re- 

earch could be focused on exploring a potential use of these data 

or early diagnosis, isolation, and treatment of infected patients. 
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