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Introduction :

Remote monitoring of implantable cardiac devices provides a wealth of information about device function,
arrhythmia and devices therapies. The ever-increasing number of device patients on remote monitoring
presents a challenge for device services in terms of both the volume and nature of information received. A
notable example of the latter is a transmission demonstrating a life-threatening arrhythmia without evidence
of successful treatment. Although most departments triage alerts using remote monitoring platforms there
is no specific alert for a potentially deceased patient: this must be established by the practitioner reviewing
the transmission.

As a tertiary cardiac centre with over 5000 patients on remote monitoring, with approximately 75% being
defibrillator (ICD) patients, 5% pacemaker and 20% implantable loop recorder patients, producing over
40 alert transmissions per day, which are reviewed by Cardiac Scientists with medical review if medical
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. management is required. Forty three percent of patients are enrolled on Latitude (Boston Scientific), 36%
on Carelink (Medtronic), 16% on Merlin (Abbott) and 5% on Cardiomessenger (Biotronik). We describe
thirteen deaths that were detected via cardiac remote monitoring, highlight key features of a transmission
pointing to the likely diagnosis, discuss the implications for device services and propose a management
strategy for such scenarios.

Case Summaries :

Described in Table 1

Results

Thirteen deceased patients were detected by via remote monitoring platforms during a six-year period be-
tween 2014 and 2020. In 7/13 (54%) of these cases the patient’s death was already known, either by patient’s
family or hospital systems. Most patients had defibrillators 10/13 (77%) and transmissions were commonly
seen during the weekend, 9/13 (69%). Alerts were received for Ventricular tachycardia (VT) or Ventricular
Fibrillation (VF) events 9/13 (70%), right ventricular lead integrity 3/13 (23%) implantable loop recorder
(ILR) device at elective replacement indicator 1/13 (8%).

Of the patients that died of VT/VF events: 6 patients had exhausted all therapies with shocks being suc-
cessful at cardioverting arrhythmia, however, arrhythmia was reinitiated almost immediately after therapies.
Three patients did not receive therapy for VT/VF that was significantly below the programmed ICD therapy
zones and observed as non-sustained VT recordings.

Remote transmission features indicating death

Several diagnostic features may indicate death. These are summarised in table 2.

In our experience that the most specific diagnostic feature is the presenting electrogram (EGM) transmission.
Electrograms (EGMs) demonstrating pacing at the lower rate limit with no evoked response or local capture
on intracardiac EGM and no T waves across any channel (particularly far field) suggest the absence of
myocardial capture (figure 1). In addition, the EGM gain will also be increased to maximum as the device
attempts to detect any EGMs, which are absent in asystole. An agonal rhythm could present similarly
with or without pacing, however, we did not observe this within our cohort of patients. Notably, not all
remote monitoring platforms produce a presenting EGM, Biotronik Home Monitoring requires scheduled
transmissions to transmit a presenting EGM.

Device diagnostics and lead parameters are another potentially useful indicator of a deceased patient. An
increase in intracardiac impedance is a known phenomenon post-mortem, although the measured value can
be still within normal limits1,2,3,4. Threshold values from automated tests will be suspended or appear high,
as there is no capture. Sensing values would not be recordable post-mortem.

Arrhythmia events recorded by the device may be an indication of death, particularly if they show exhausted
therapies or agonal rhythms. However, patients who have had arrhythmias below detection or of a non-
arrhythmic cause may not present with arrhythmia EGMs.

Death is not the only explanation for these observations. A device that has been explanted and kept by
the patient on request, but not disconnected from the remote monitoring platform, can transmit with all
the above features. This situation happened at our centre, where a patient received a heart transplant from
another centre as an emergency, stored his old device in his bedside draw, led to an emergency alert before
this was discovered. One further differential is a fracture of the device header or pin attachment. However,
this is likely be accompanied by EGMs demonstrating fracture potentials.

Discussion

To the best of our knowledge this is the first case series to demonstrate the ways in which death may be
detected by cardiac remote monitoring. Previous literature has been limited to single case reports1,2,3 .
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. In our series the most common alert transmission from a deceased patient was for VT/VF and shock therapy
delivered, consistent with the observation that ventricular fibrillation is the first monitored rhythm in a
majority of out-of-hospital cardiac arrests5. This was triaged as either a yellow or a red alert by different
manufacturers’ remote monitoring platforms due to disparities between manufacturers’ programmable alert
settings and the information that is received from a device. Centres should be aware of these when triaging
remote monitoring all patients; for example, there is no presenting EGM transmitted by Biotronik remote
monitoring alert transmissions and Medtronic Carelink does not have an alert for ATP-only episodes. These
can be important indicators that a patient has died.

The second most frequent deceased patient alert transmission in our series was due to abnormal lead measure-
ments. This alert is more likely if the ICD therapy has not been delivered either due to a lethal ventricular
tachyarrhythmia occurring when tachycardia therapies are disabled, VT/VF falling below the programmed
tachycardia detection limit or in the unlikely event of sudden pulseless electrical activity or primary asystole.
Practitioners should be aware that a rise in impedance is dependent on the time of death1,3. A post-mortem
impedance rise can be seen as a significant change from previous measurements but remain within normal
range. Automatic threshold tests can also be suggestive of death, as threshold will not be able to be mea-
sured. This phenomenon is seen when programmed and if lead measurements are attempted by the device
post-mortem.

One patient with an implantable loop recorder (ILR) transmitted with the longest delay (28 days) to trans-
mission due to battery at ERI. An ongoing pause episode does not prompt an alert transmission because
ILRs are unable to end a pause if there is not a second R wave. The mechanism of death for this patient
could not be determined by post-mortem examination. As the increasing burden on ILR and other forms of
monitoring (e.g. pulmonary artery pressure monitoring) increases worldwide, this phenomenon will not be
limited to pacemakers and defibrillators. With ILR devices the differential of device protrusion could cause
loss of sensing with similar diagnostics. This should be investigated by contacting the patient to determine
the cause.

In our series, transmissions post-mortem showed a preponderance for the weekend. We have been conducting
a 7-day remote transmission-review service since 2016 due to the sheer number of alerts that occurred over
the weekend. However, this is not the norm for most device services or the standard from HRS guidance for
cardiac monitoring services and a delay would have had no clinical consequence6.

As remote monitoring currently comprises a once-daily transmission of alert events the chance of providing
life-saving therapy is minimal. Same-day investigation of a potentially deceased patient detected by remote
monitoring should therefore not be considered mandatory as it is unlikely to result in life-saving treatment.
Nevertheless, one of our patients with a presenting EGM of VF was undergoing cardio-pulmonary resusci-
tation by care home staff when they were contacted by us. Their efforts were, unfortunately, unsuccessful.
The development of remote monitoring using mobile devices, able to transmit live data to hospitals, could
provide services with logistical challenges and have medico-legal implications.

We suggest that centres undertaking remote cardiac monitoring should have a Standard Operational Policy
outlining the device alerts that they will activate for each specific device manufacturer, the frequency of
review of remote transmissions, including those made at weekends and the response to specific alerts and
transmission findings indicating the possibility of death (Figure 2). We also suggest that the institution’s
legal service should be consulted during policy development.

Conclusion

Recent years have seen rapid expansion of remote monitoring of cardiac rhythm management devices, present-
ing logistical, ethical and, potentially legal challenges. Death detected by remote monitoring is an unusual
event. We have described the characteristics of alert transmissions indicating the possibility of death and
propose a strategy for the immediate management of this situation.
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Table 1. Summaries of individual cases. Key. CRT: Cardiac resynchronisation, P/PPM: pacemaker, D: De-
fibrillator, DR: dual chamber, ICD: implantable cardioverter defibrillator, ILR: implantable loop recorder,
VR: single chamber, ERI: elective replacement indicator, RV: right ventricular, VT: Ventricular Tachycardia,
VF: Ventricular fibrillation

Figure 1. Medtronic DR ICD showing asystole with no evoked response on the near field channel, no T wave
on any channel and all EGM gains have been increased to maximum.

Figure 2. Flow diagram for management of a potentially deceased patient.
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