:' frontiers
Supplementary Material

Forensic, legal, and clinical aspects of deaths associated with implanted
cardiac devices

Jan M. Federspiel*, MD; Stefan Potente!, MD; Karen B. Abeln?, LLB, MD; Kai Hennemann?;
Sara Heinbuch?; Katrin Burkhard', MD; Madita Richl*; Mattias Kettner?, MD;
Constantin Lux?, MD; Peter Schmidt!, MD; Marcel A. Verhoff*, MD; Frank Ramsthaler!, MD.

! Institute of Legal Medicine, Saarland University, Faculty of Medicine, Campus Homburg,
Kirrberger Strafle, Building 49.1, 66421 Homburg/Saar, Germany

2 Department for Thoracic and Cardio-Vascular Surgery, Saarland University Medical Center,
Building 57, Kirrberger Strafle, 66421 Homburg (Saar).

3 Department of Psychiatry, Clinic for Psychiatry, Psychotherapy and Psychosomatics, SHG-
Kliniken Sonnenberg, Saarbriicken, Germany.

* Institute of Legal Medicine, University Hospital, Goethe-University of Frankfurt/Main,
Frankfurt/Main, Germany.

* Correspondence:
Jan M Federspiel; Department of Legal Medicine, Saarland University, Kirrberger Strafle, Building
49.1, 66421 Homburg/Saar; E-Mail: jmfederspiel@outlook.com.

For the supplement the Nature-citation style was chosen to distinguish the supplement from the main
manuscript. The references used in the supplement are displayed in Supplement SG.



Supplementary Material

Supplement SA — Abbreviations used in manuscript and supplement in
alphabetical order

Abbreviation
BiVAD
CCM
CPB
CRT(-D)
ECHLS
ECLS
ECMO
FDA
HCM
HF
HFpEF
HFrEF
IABP
IcarD
ICD
INR
LVAD
LVOTO
MCS
MRI

PM

Meaning

Biventricular assist device

Cardiac contractility modulation
Cardio-pulmonary bypass

Cardiac resynchronization therapy (-Defibrillator)
Extracorporeal heart lung support
Extracorporeal life support

Extracorporeal membrane oxygenation
(United States) Food and Drug Administration
Hypertrophic cardiomyopathy

Heart failure

Heart failure with preserved ejection fraction
Heart failure with reduced ejection fraction
Intraaortic balloon pump

Implanted cardiac devices

Implantable Cardioverter / Defibrillator
International Normalized Ratio

Left ventricular assist device

Left ventricular outflow tract obstruction
Mechanical circulatory support

Magnetic resonance imaging

Pacemaker



Abbreviation

RVAD

SARS-CoV-2

VAD

VA

VvV

Meaning

Right ventricular assist device

Severe acute respiratory syndrome corona virus 2
Ventricular assist device

Veno-arterial

Veno-venous
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Supplement SB — Clinical, pathophysiological, and pathological aspects of heart
failure

Heart failure (HF) is a clinical syndrome defined by symptoms (e.g., dyspnea), signs (e.g., edema), and
parameters such as intracardiac pressure (HF with preserved ejection fraction, HFpEF) and/or
inadequate cardiac output (HF with reduced ejection fraction, HFrEF)!. HF is considered a “global
burden”®? due to its high prevalence (26 million people affected worldwide’ accounting for
approximately 1 to 2% of adults') and incidence (among all age groups 3 out of 1000 and among adults
5 out of 1000 ). Overall different somehow “HF forms” (e.g., acute HF, chronic HF, HFrEF, or HFpEF
1 are distinguished.

From the pathological perspective HF can be seen as a somehow common final pathway of a variety
of diseases as among others infection/inflammation (e.g., myocarditis), heart valve disease (e.g., aortic
valve stenosis), arterial hypertension, coronary heart disease! or heart rhythm disorders (e.g.,
tachycardiomyopathy?) can cause HF. Despite HF can have several etiologies, HF is far from being a
uniform disease. For example, there is a difference in the therapy of acute and chronic HF as for HFrEF
compared to HFpEF!. Another example would be the pathophysiology. Here in all instances but HF
due to heart valve disease, the primary pathological change is an impaired ventricular function’.
Talking about pathology and pathophysiology it has to be pointed out, that HF frequently is “whole
hearted”: although usually the focus is applied on the left ventricular impairment, this left ventricular
dysfunction can be seen as the most common cause of changes in right ventricular geometry and
function®. Also, important to highlight is, that HF is not also a cardiac disease but also presents with
potential impairment of the whole body. So, for example, right ventricular dysfunction associated with
congestion is among others associated with intestinal malabsorption, systemic inflammation, or
congestive hepatopathy®. Speaking from the postmortem perspective it is at the same time
understandable and surprising due to this pluralism, that the observed histomorphologic changes in
congestive HF do not correlate with clinical symptoms’.

Addressing its pathophysiology (e.g., neurohormonal activation in HFrEF®), the pharmacological
therapy is seen as the “cornerstone” in HFtEF therapy'. Contrasting, the medical treatment options in
HFpEF are very limited compared to HFrEF®. Besides pharmacological therapy, there is a field of
devices applied in HF therapy for both HFrEF' and HFpEF'°.

Despite therapeutic options, mortality rates of up to 67% within 5 years after the initial diagnosis are
reported for HF in general'. Overall mortality rates in HFpEF (27% in 2 years) are reported to be lower
than in HFrEF (35% in 2 years)!!. The comparison of HFrEF and HFpEF individuals shows HFrEF
patients to be younger, more frequently male, have less frequently a history of arterial hypertension
but present more frequently with coronary artery disease''. Due to the context of the later described
cases, the present article focusses on HFrEF.



Supplement SC — Overview of cardiac devices

Not only is HF a complex pathology but also the field of carDs is brought and growing. Additionally,
complicating are inconsistencies in the terminology of carDs, for example for the extracorporeal life
support systems (ECLS): some authors describe ECLS as a “umbrella term including various
modalities of temporary mechanical cardiopulmonary assistance of the failing heart and/or lungs”2.
Opposing other authors describe ECLS as veno-arterial extracorporal membrane oxygenation (VA-
ECMO)"? only. Besides ECMO, also the term cardio-pulmonary bypass (CPB) can be found in the
context of ECLS. Some authors state that ECLS circuits are somehow “evolved” CPB circuits with for
example, smaller priming volume in ECLS and limited cooling possibility compared to CPB'*. (The
present manuscript employs “mechanical circulatory support” (MCS) as “umbrella term” and refers
ECLS to be a veno-arterial ECMO. Due to the focus on postmortem aspects and the similarity of ECLS
and CPB, the present manuscript does not further address CPB.) Another example for inconsistent
terminology are the different sub-groups of ICDs. For example, some consider dual-chamber ICDs if
there is a lead in the ventricle and in the atrium (e.g., reference '°). Other authors call this a single-
chamber device with additional lead for sensing (e.g., reference '°).

However, the prevalence of HF increases®. Also the insertion rates of PMs as well as their prevalence
rise?. At the same time, the number of individuals on VAD is increasing!’. For ICDs there is a
discussion whether the indication for implantation might be expanded'® and how to handle “loss” of
indication for primary preventive ICD over time, for example, due to changed recommendations by
the clinical guidelines'®. All in all, it seems likely that the legal medicine will face more frequently
cases in association with HF and/or IcarDs. By that, it has to be noted, that different devices can be
found “side by side” like exemplified in both later described.

To get started with IcarDs first a simplistic and general division is made. On one hand there are
somehow “supportive” or “preventive” devices. On the other hand, there are devices in some way
“replacing” cardiac function. First the field of the supportive and preventive devices is addressed.

“Supportive” and “preventive” cardiac devices

Implantable cardioverter / defibrillators

Talking about prevention, the first device to name are ICDs. They are primary or secondary
preventively applied, for example in HFrEF patients'° or in individuals with cardiac channelopathies
such as Brugada syndrome spectrum 222, They can also help to prevent fatal events in a somehow
“side-by-side” manner with other devices such as LVADs? or can be part of a somehow “combination”
device in a so-called cardiac resynchronization therapy — defibrillator (CRT-D) device (for example,
Boston Scientific’s DynagenTM X4 or InogenTM X4). Interestingly, while an ageing population is
associated with an increased occurrence of IcarDs® and age is associated with an increased risk for
sudden cardiac death (SCD), it has been reported that elderly carrying an ICD have an inferior survival
compared to younger ICD carriers due to comorbidities?*. Nevertheless, data from 5 landmark ICD
trials found the profound arrhythmia to be the more important determinant for mortality compared to
the ICD therapy itself>.
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ICDs it-self can be further sub-divided. One assigning factor for sub-division of ICDs is the position
respectively the placement of the leads. There are subcutaneous, transvenously?®, and epicardially
placed leads?”?®. The subcutaneous devices (e.g., Boston Scientific’s EmblemTM) has been developed
to avoid complications associated with transvenous leads such as dislocation and transvenous lead
placement such as bleeding?. Regarding the number and position of transvenously placed leads, ICDs
can be classified as single-chamber, dual-chamber, or triple-chamber ICD%. The triple chamber ICD
can also be referred to as biventricular ICD*. Which device is used depends from the respective case
(e.g., is there a pacing indication?'”). After the decision is made how many chambers are addressed,
also the decision which device will be implanted has to be made. So, for example, there is a discussion
whether to apply a conventional ICD system or to use a CRT-D system without left ventricular lead as
long as no CRT is needed™.

In subcutaneous ICDs the lead is usually placed parasternal®'. In transvenous systems the leads are
usually placed in the right atrium and the right ventricle (compare e.g., references '*!%32) and for
biventricular systems also in the coronary sinus (compare e.g., references 2*3%). But there are also
distinct populations that require alternative lead placements. One example would be individuals after
tricuspid valve surgery (here a transition of the tricuspid valve is contraindicated and leads can be
placed in the middle cardiac vein or epicardially?’). Another example are individuals with severely
congenitally malformed hearts (for example tricuspid atresia), here epicaridal lead placement can be
applied too?®. It has also to be pointed out that there are plenty of variations how PM and ICD can be
combined. So for, example the combination of an subcutaneous ICD with an bipolar and epicardial left
ventricular PM has been reported>*.

Several aspects of the ICD can be summarized in the so-called “Defibrillator-Code*®. This
nomenclature system provides in a precise and concise way various important information on a device
(e.g., shock chamber, presence/absence of a antitachycardia pacing site, the mode of tachycardia
detection, or the absence/presence of a antibradycardia pacing site)*>.

However, coming to the PM next, it has to be pointed out that the borderline between PMs and ICDs
is blurred. One example is the potential clinical use of CRT-D devices without left lead instead of
classical ICD*’. Another point where the borderline is softened, is the capability of some ICDs to
pace?’, for example if they detect bradycardia®’. This blurred borderline also applies for the
complications. For example, both ICD and PM with transmembranous leads are associated with
neointimal fibrotic lead encapsulation® leading to common strategies for lead management>*. For both
of these most frequently encountered IcarDs (i.e., PM?’ and ICD?®) the most frequent complications
around the implantation are bleeding, infection, or lead displacement. Thereby, evolving technology
can help to reduce complications, as for example the leadless PM has been demonstrated to be
associated with a reduced risk of device-related infections®.



Cardiac pacemakers

Like for ICD, also for PM further sub-division is possible. One potential assigning factor is the
positioning of the leads. There are epicardial pacemakers (for example, applied in neonates with
congenital block of the atrioventricular conduction*” or for temporary pacing after cardiac surgery*!,
transvenous PM (for example, used for temporary pacing in an emergency setting*? as well as for long-
term pacing®®) and currently quite new so-called “leadless pacemakers™**. Another potential assigning
factor is by the number of sensed or stimulated chambers, i.e., single-chamber®, dual chamber*’, or
triple chamber PM*®. Moreover, also the pacing mode can be seen as grouping factor for PM, i.e., atrial
sensing and/or pacing with a single lead, ventricular sensing and/or pacing with a single lead, and so
on?.

PMs can be both “preventive” and “supportive”. One example for preventive PM are 2-chamber
devices that can prevent potentially lethal bradycardia'. CRT-systems (3-chamber-PM: right atrium,
right ventricle, left ventricle via coronary sinus*®) can be supportively applied in HF patients! as HF
has been associated with ventricular desynchronization*”. The CRT can improve the myocardial
functioning™. Besides the CRT there is also the so-called His-bundle pacing as particular sub-type of
pacing*’. His-bundle pacing is referred to as “alternative method”*’ and can for example be applied in
a subset of patients with high-grade block of the atrioventricular conduction and short QRS-complexes
at the same time*’. Also in hypertrophic cardiomyopathy (HCM) with left ventricular outflow tract
obstruction (LVOTO), PM can be applied somehow “supportively” with the intent to reduce LVOTO?!.

Like for ICDs there is also a summarizing code available for pacemaker™>. In five positions this code
describes which chamber is paced, which chamber is sensed, how the device responds to sensing,
presence/absence of rate modulation, and last information regarding multisite pacing™.

“Replacing” cardiac devices: mechanical circulatory support

Following the simplified classification of IcarDs, the cluster of “preventive” and “supportive” has been
addressed so far. Now the field of “replacing” devices will be highlighted. These devices are used for
so-called mechanical circulatory support (MCS). In this group of devices, the focus on total artificial
hearts is reported to be shifted from total artificial hearts towards VADs as device failure in total
artificial hearts can hardly be survived®*. Nevertheless, total artificial hearts are applied in particular
settings and/or groups. One example would be the Syncardia Total Artificial Heart in a pediatric
population®. Indication for VAD-therapy can be a lack of adequate symptom relieve with conservative
therapy (so-called advanced HF)!. After the indication for a VAD was seen, a critical clinical
evaluation for suitability of the patient for the VAD has to be carried out'.

Again, the MCS family of therapies and devices can be further sub-divided by several aspects. One is
the differentiation by the supported cardiac chamber, i.e., left ventricular, right ventricular or
biventricular assist devices (respectively LVAD, RVAD; BiVAD)>*. As also systems such as CPB or
ECMO can be assigned to the MCS family, a differentiation regarding the supported organ or organ
system can be made: there are systems such as the Impella that are designed to support the heart>®
(“heart only”) while other systems like the ECMO can support respiratory and circulatory system>’
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(heart and lung support) and other systems like the so-called Homburg lung mainly support the
respiratory system>® (lung support). Considering the anatomy, they can also be divided by the position
of the pump in relation to the body, in terms intracorporeal pumps such as the INCOR device®® or
“paracorporeal” devices such as the EXCOR device®. From the technical point of view MCS devices
can be sub-divided into different classes by the flow in several aspects. One is the flow the device
generates, i.e., a device with either pulsatile or continuous flow>*. Another aspect can be how the flow
is generated, so centrifugal and axial flow blood pumps can be distinguished®'. Considering the
timespan of the MCS for example short-'%>, mid-%, and long-term MCS therapy'®® can be
distinguished. Thereby, these different forms can merge as, for example short-term MCS can be used
to bridge to a long-term MCS®. By doing so, different devices are applied for the different time scales.
Among others ECMOs*®respectively ECLS®, the so-called Impella®® or combinations of
aforementioned devices (so-called ECMELLA)® can be used for shorter time scales. But, the Impella®
for example, can also be used for a mid-term support to a long-term therapy®. For the long-term therapy
devices like the EXCOR® or the HeartMate3® can be applied. Not only regarding the approached time
scale but also regarding the approached final “goal” the MCS therapy can be sub-divided (e.g., bridge
to destination or transplant®>®, bridge to long-term therapy®® or bridge to recovery’). Besides the so
far mentioned devices also the intra-aortic balloon-pump (IABP) is available and usually applied for
short-term MCS’!. Some reports on “ambulatory” IABP to bridge to heart transplant are available’.
This system uses counterpulsation to improve coronary blood flow and increases left ventricular stroke
volume by lowering the left ventricular afterload’!.

Other devices

Besides the aforementioned comparably frequent applied IcarDs, also other devices are available. One
example is the cardiac contractility modulation (CCM) therapy as illustration of the continuous
development of new devices and approaches increasing the panel of available IcarDs. CCM employs
non-excitatory electrical signals to cause positive inotropic effects’®. So far, CCM is currently not yet
recommended for the clinical routine according to recent clinical guidelines' and therefore not further
addressed in the present manuscript.

Implantable loop recorders can be implanted to detect rare arrhythmias®! and can by that help to detect
atrial fibrillation™, and support clarification of the cause of syncope’ or stroke’®. Compared to the
high prevalence of ICDs® or pacemakers?® these devices are rare’>. Additionally, they are not addressed
by the current clinical HF guideline and for these reasons not further addressed in the present
manuscript.

Summary

Table C.1 provides a brief summary of addressed IcarDs and the different sub-groups. Table C.2 gives
an overview how the different IcarD groups are usually implanted.



Table C.1 — Summary of implantable cardiac devices and their sub-groups

Implantable cardiac devices (IcarDs)

»Preventive“ & ,,supportive* »Replacing® IcarDs (= MCS) Other
IcarDs IcarDs
ICD PM
) Time scale of therapy: Position of the pump: S
Chambers Time scale: Cardiac N
covered: Short-term Extracorporeal contractility
Temporary Midet Int | modulation
Si hamb, id-term ntracorporea .
1nge chamoer Permanent (CC M)
Dual chamber Long-term
Triple chamb. Supported organ:
fiple chamber Chambers covered:
Goal of MCS: Heart support Implantable

Single chamber

Lead placement: Dual chamber

Subcutanous .
Triple chamber
Transvenous

Epicardial
pieardia Lead placement:

Epicardial
Transvenous

,Leadless

Others:
His-Pacing
HCM /LVOTO

Cross-over systems

- CRT(-D) Systems with and
without left ventricular lead

- ICD systems with the ability to
pace

Bridge to transplant
Bridge to destination
Bridge to recovery

Bridge short-term MCS to
long-term MCS

Flow characteristics:
Continuous flow

Pulsatile flow

Flow generation:
Axial flow pump
Centrifugal flow pump

Heart and lung support

Lung support

Supported cardiac chamber:

Left ventricle
Right ventricle

Both ventricles

Extent of cardiac support:
Ventricular assist device

Total artificial heart

Mechanism of action:
Antegrade flow

Counterpulsation

loop recorder

The table summarizes the different IcarDs based on the simplified “classification” described in the text.
Thereby, also the different subgroups are displayed. Abbreviations: CCM — cardiac contractility
modulation; CRT-(D) — cardiac resynchronization therapy-(defibrillator); HCM — hypertrophic
cardiomyopathy; IcarD — implantable cardiac device; ICD — implantable cardioverter / defibrillator;
LVOTO - left ventricular outflow tract obstruction. MCS — mechanical circulartoy support; PM —

pacemaker;
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Table C.2 — Location of IcarDs

PM /CRT-D

Aggregate:

Adults — Usually in a pectoral pocket
Infants / smaller children — Abdomen

Leads:

Mostly: Transvenous to right atrium / right ventricle / coronary sinus
Children / post cardiac surgery: Epicardial

Special Case — Leadless pacemaker

Electrode and aggregate are place intracavitarily in the right ventricle

ICD

Aggregate:

Usually in a pectoral pocket

Leads:

Usually transvenously to right atrium / right ventricle

Subcutaneous

CPB/ECMO /ECLS/
Homburg Lung

Depending on case / anatomy / underlying disease vascular grafts can be used for allow
access of a cannula.

Depending on the chosen approach different cannulas and cannulation sides can be used. For
example, to achieve good venous drainage double venous cannulation via jugular vein and
femoral vein can be applied.

Most commonly application via the femoral vessels +/- jugular vein. Open chest approach
compared to the periphery cannulation rather scarce.

Impella ®

Depending on case / anatomy / underlying disease vascular grafts can be used for allow
access of the device. Lies usually placed across the semilunar valve, allowing for aspiration
of blood within the supported ventricular chamber and ejection of blood into the connected
downstream large artery.

Several implantation sites are possible. For example access to the LV is also possible via the
right subclavian artery. But the Impella can also be implanted via the femoral artery or via
the aorta directly. So, one has to consider the possibility of surgical and non-surgical Impella
implantation

Long-term VAD

Depending of the supported ventricle(s). Usually one cannula allowing for “unload” of the
heart (e.g., via the apex cordis for an LVAD) and one cannula allowing for return of the
blood after the supported chamber is bypassed (e.g., aorta).

The pump itself can be located within the body or outside the body. Irrespective, where the
pump is placed there is always a structure passing through the skin (blood flow components
in case of extracorporeal pump; drive line in case of intracorporeal pump).

IABP

Usually applied via the femoral artery and placed in the descending aorta avoiding occlusion
of the mesenteric arteries.

The table summarizes general and common features regarding the positioning and implantation of

different IcarDs. This summary makes no complain to be complete, as from case to case, especially

dependent from the particular anatomy and underlying pathophysiology, there can be a massive

variation of how and where the devices are implanted. This variety underpins the need for

comprehensive investigations by the law enforcement authorities, if there is the question whether a

person died with an IcarD or due to an IcarD to facilitate proper planning of the autopsy to facilitate
best possible information yield.

10



Supplement SD — Case descriptions

Case 1

A 67-year-old male (body weight 96 kg, body height 181 cm) was found dead in his apartment in the
afternoon in an oblique sitting, to lying position on a sofa. The emergency physician declared him dead
with no further resuscitation attempts. Next to the body, the drive line of an LVAD (Abbott®
HeartMate3) which had been implanted 4 months prior to death, was found disconnected. There were
no indicators for a break-in, a fight, or any other foul play. No suicide note was present either.
Regarding the medical history, the individual had received stenting of the left anterior descending
coronary artery, undergone implantation of a combined ICD-pacemaker system (Medtronic® Amplia
MRI Quad SureScan CRT-D), suffered from ischemic cardiomyopathy and myocardial infarction in
the past, and received surgical aortic valve replacement with a stented biological prosthesis.

The postmortem examination yielded small, fine scars at both wrists, a potential hint for suicidal or
self-harming behavior (figure D.1.A), and a limited number of petechial hemorrhages especially of the
left conjunctiva (figure D.1.B) and the back of the right foot. No indicators of strangulation (e.g.,
strangulation mark), blunt force injury (e.g., hematoma, swelling) or any other violent action (e.g.,
fresh incision wounds) were present. Both the LVAD and CRT/ICD systems showed no autoptic signs
of device-associated complications such as thrombotic material in the outflow or displacement of the
leads. The heart (figure D.2A) with the LVAD (figure D.2.B, and D.2.C) is displayed in figure D.2.
The heart was massively enlarged compared to the person’s fist (heart weight 847 g, figure D.2.A) and
no physical damage was visible on the LVAD (figure D.2.B, and D.2.C) or the ICD-pacemaker device
(additional LVAD equipment is displayed in figure D.3).

The read out of the LVAD was performed with help of the local LVAD-commissioner and help of the
local team of perfusionists. The read out showed that the disconnection occurred roughly 19 hours prior
to finding the body in the early evening. The read out of the ICD-pacemaker documented ventricular
arrhythmias with shock 20 minutes and 38 minutes after disconnection. As a preliminary result, death
was ruled non-natural, consistent with suicide.
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Figure D.1 — Findings upon external examination of the corpse in case 1

(a) Small scars on the left wrist. (b) Petechiae in the conjunctiva of the left eyelid.

12



Figure D.2 — Heart with LVAD of case 1

(a) Heart with LVAD in situ after removal of the sternum and the anterior section of the rips. (b) Detail
picture of the pump housing of the LVAD. (c) Explanted heart. Marked cardiac hypertrophy (heart
weight without device 647 g). The white line at the bottom of the pictures is the drive line. The green
overlay displays the LVAD with the tunnel from the ventricle to the aorta. Above the heart the green
overlay symbolizes the position of the ascending aorta in situ. The blue overlay resembles the right
ventricle. The red overlay resembles the enlarged pulmonary veins entering the left atrium, the left
atrium, and the left ventricle.

13



Supplementary Material

Figure D.3 — Adjuncts to the implanted LVAD and other medical devices in case 1

(a) Two batteries with so called clips, connected to the system controller via the modular drive line.
(b) inhalation device used by the decedent. (c) Mobile power unit. (d) CoaguCheck® device to control
anticoagulation via measuring the International Normalized Ratio (INR). (e) Batteries with the Battery
Charger
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Case 2

A 56-year-old male was found dead by nursing staff lying in the bed of his apartment. The emergency
physician declared him dead and attested an unexplained death. During postmortem examination a
LVAD (Manufacturer details unknown) and a long-term oxygen therapy device were found. Both
rechargeable batteries of the LVAD were disconnected and the device was connected to a power cable
without connection to an electrical outlet. One hand of the decedent was lying on the LVAD. The
oxygen therapy was applied correctly. The apartment was closed correctly and exhibited no signs of
unauthorized violent entry or a fight. A farewell letter was not found. The man had not voiced specific
suicidal intentions towards his doctor, but he had told her, that he was unhappy about his whole
situation and that he would end it one day.

Postmortem examination did not give hints for foreign violation. During autopsy an ICD (Manufacturer
details unknown) besides the LVAD was found. The autopsy showed that the both devices were applied
correctly. No signs of device-associated problems (e.g., displacement) were found. The main autoptic
findings included cardiac hypertrophy, coronary heart disease, especially of the left anterior
descending, signs of chronic congestive heart failure, and signs of a chronic obstructive pulmonary
disease. There were no signs of violence or a fight before death. LVAD malfunction - intentional or
unintentional - was defined as the cause of death.

The read out of the devices showed that two disconnections of the LVAD occurred a few hours before
death. The first one was at 02:17 am, the second one was at 02:32 am as the final documented event.
It was considered that after the first disconnection the alarm displaying a disconnection was set off
before the second disconnection. The ICD was not read out. In summary, the findings suggested suicide
as the most likely event.

Results of both reported cases

In the first case, the time and cause of death (i.e., ventricular arrhythmia) could be determined more
accurately because all ICarDs were read. This emphasizes how important data collection from all
IcarDs can be for reconstructing events leading to death and determining cause and mode of death in
the presence of such devices.
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Supplement SE — PubMed outputs of systematic literature searches

)

Literature search on a potential association between CCM and suicide
Data base: PubMed
Last data base query: 4™ May 2023, 03:10 pm.

Search algorithm: (suicide) AND (cardiac contractility modulation)

No results were found.

an

Literature search on a potential association between implantable loop recorders and suicide

Data base: PubMed
Last data base query: 4™ May 2023, 03:15 pm.
Search algorithm: (suicide) AND (implantable loop recorder)

1: Van Donge N, Schvey NA, Roberts TA, Klein DA. Transgender Dependent Adolescents in the U.S. Military
Health Care System: Demographics, Treatments Sought, and Health Care Service Utilization. Mil Med. 2019 May
1;184(5-6):e447-e454. doi: 10.1093/milmed/usy264. PMID: 30325452.

(1)

Literature search on a potential association between CRT and suicide

Data base: PubMed
Last data base query: 04.05.2023 ~15:00

Search algorithm: (suicide) AND (cardiac resynchronization therapy)

1: Daeschler M, Verdino RJ, Kirkpatrick JN. The ethics of unilateral implantable cardioverter defibrillators and
cardiac resynchronization therapy with defibrillator deactivation: patient perspectives. Europace. 2017 Aug
1;19(8):1343-1348. doi: 10.1093/europace/euw227. PMID: 27915265.

2: Cleland JG, Velavan P, Nasir M. Fighting against sudden death: a single or multidisciplinary approach. J Interv
Card Electrophysiol. 2006 Dec;17(3):205-10. doi: 10.1007/s10840-006-9077-6. Epub 2007 Apr 6. PMID:
17415628.t
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Literature search on a potential association between MCS and suicide

Data base: PubMed
Last data base query: 04.05.2023 ~12:20

Search algorithm: (suicide) AND (mechanical circulatory support)

1: Mueller PS. Ethical and Legal Concerns Associated With Withdrawing Mechanical Circulatory Support: A U.S.
Perspective. Front Cardiovasc Med. 2022 Jul 26;9:897955. doi: 10.3389/fcvm.2022.897955. PMID: 35958394;
PMCID: PMC9360408.

2: Pak ES, Jones CA, Mather PJ. Ethical Challenges in Care of Patients on Mechanical Circulatory Support at End-
of-Life. Curr Heart Fail Rep. 2020 Aug;17(4):153-160. doi: 10.1007/s11897-020-00460-4. PMID: 32488502.

3: Rady MY, Verheijde JL. Ethical challenges with deactivation of durable mechanical circulatory support at the end
of life: left ventricular assist devices and total artificial hearts. J Intensive Care Med. 2014 Jan- Feb;29(1):3-12. doi:
10.1177/0885066611432415. Epub 2012 Mar 6. PMID: 22398630.

4: Mazzola MA, Russell JA. Neurology ethics at the end of life. Handb Clin Neurol. 2023;191:235-257. doi:
10.1016/B978-0-12-824535-4.00012-4. PMID: 36599511.

5: Baum C, Bohnen S, Sill B, Philipp S, Damerow H, Kluge S, Reichenspurner H, Blankenberg S, Soffker G, Barten
MJ, Sydow K. Prolonged resuscitation and cardiogenic shock after intoxication with European yew (Taxus baccata):
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Supplement SF — Summary table complications of implanted cardiac devices

Device (group)

Complications (examples)

PM and/or ICDs

Phrenic nerve stimulation’””® or diaphragmatic stimulation” (rare) / peripheral nerve
ci 80
injury

PM-Twiddler’s syndrome”!

Pacemaker Syndrome™ 32 / Inadequate capture and/or sensing®3 and/or shocks3+%° / HF!?
Fibrosis around the leads®38¢

Hematoma®”-%?

Pneumothorax® / hematothorax®

Tricuspid valve stenosis® (rare)

Narrowing of inferior *! or superior vena cava ?? (both rare) / subclavian vein thrombosis®

Lead: fracture, infection, displacement, insulation injury3, repositioning®’, encapsulation®®

Devise extrusion, Ulceration device pocket, lead or generator erosion, superficial phlebitis®,
wound / pocket infection 3380

Endocarditis'? / sepsis®

Myocardial perforation, pericardial tamponade, post-implantation myocardial infarction,
hypotension with resuscitation, electrical storm, renal insufficiency, coronary venous
dissection, pulmonary edema, stroke, non-cerebral embolus®’

Death??

Impella®

Hemolysis ¢ (due to anatomic features®®, occurrence of hemolysis dependent on
positioning %)

Wide-ranging swinging motion can cause severe hemolysis, too ?’.
Susceptible for dislocation®®

Access site bleeding®® or other access site complications-939%100

Limb ischemia®
Need for vascular intervention or aortic injury %
Left ventricular perforation®?

Infection!*!

Need for transfusion®
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Table continued

"
ECLS / ECMO / CPB Acute lung injury

e  Systemic inflammatory response!?

e  Thrombocytopenia / acquired von-Willebrand syndrome / thromboembolism / hemolysis /
disseminated intravasal coagulation!®

e Pump / oxygenator / circuit thrombosis'%

e  Therapy-associated bleeding such as gastrointestinal, central nervous bleeding, or bladder
clots / need for transfusion / cannulation site bleeding / surgical site bleeding!®
e  Limb ischemia'*®

e  Dissection / arteriovenous fistulae / pseudoaneurysm!%*

: : : : ‘) 105
Long-term VADs (e.g., Bleeding (e.g., gastrointenstinal tract bleeding, central nervous system bleeding)

HeartMate3 or EXCOR)

or e Thromboembolic events / pump thrombosis!'®®
and total artificial hearts

e Infections, especially drive line infections'?®
e  Aortic regurgitation'®

e  Right ventricular failure!%

e Balloon entrapment rupture'%

IABP
e Thrombocytopenia'%
e  Thromboembolism!%®
e Infection'%
e  Dissection'%6107
e  Limb ischemia / Amputation'?’
e  Hemorrhage / Bleeding / Hematoma / Pseudo-aneurysm'?’
e Mesenteric ischemia!?’

e  Inadequate function due to inadequate setting of the triggering!®

(#) Pacemaker-Twiddler’s syndrome describes “coiling” of the leads due to movement of the aggregate
in its pocket. (+) The term pacemaker syndrome describes symptoms due to inadequate timing of
atrioventricular synchrony. Abbreviations are explained in supplement A.
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