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A B S T R A C T   

Background: Cardiac implantable electronic devices (CIED) are a heterogeneous group of medical devices with 
increasingly sophisticated diagnostic capabilities, which could be exploited in forensic investigations. However, 
current guidelines are lacking clear recommendations on the topic. The first aim of this systematic review is to 
provide an updated assessment of the role of postmortem CIED interrogation, and to give practical recommen
dations, which can be used in daily practice. Secondly, the authors aim to determine the rates of postmortem 
CIED interrogation and autopsy investigations, the type of final rhythm detected close to death (with a focus on 
the significance of documented arrhythmias), as well as the role of postmortem CIED interrogation in the 
determination of final cause/time of death, and any potentially fatal device malfunctions. 
Methods: A systematic search in MEDLINE and Scopus aiming to identify reports concerning postmortem human 
CIED interrogation was performed, including a systematic screening of reference lists. Case reports, letters to the 
editors, commentaries, review articles or guidelines were excluded, along with studies related to cardiac devices 
other than CIED. All data were pooled and analyzed using fixed-effects meta-analysis models, and the I2 statistic 
was used to assess heterogeneity. 
Results: A total of 25 articles were included in the systematic review, enrolling 3194 decedent CIED carriers. Ten 
studies (40%) had a 100% autopsy rate, whereas in further 6 studies autopsy findings were variably reported; 
CIED interrogation was available from 22 studies (88%), and it was never performed prior to autopsy. The 
overall rate of successful postmortem CIED interrogation was 89%, with high heterogeneity among studies, 
mainly due to device deactivation/battery discharge. Twenty-four percent of CIED carriers experienced sudden 
cardiac death (SCD), whereas non-sudden cardiac and non-cardiac death (NSCD, NCD) were reported in 37% and 
30% of decedents, respectively. Ventricular tachyarrhythmias were recorded in 34% of overall successfully 
interrogated CIED, and in 62% of decedents who experienced a SCD; of all ventricular tachyarrhythmias 
recorded, 40% was found in NSCD or NCD. A clear interpretation of the etiological role of recorded arrhythmias 
in the causation of death required integration with autopsy findings. Overall, potentially fatal device malfunc
tions were detected in 12% of cases. 
Conclusions: Postmortem CIED interrogation is a valuable tool for the determination of the cause of death, and 
may complement autopsy. Forensic pathologists need to know the potential utility, pitfalls, and limitations of this 
diagnostic examination to make this tool as much reliable as possible.   

1. Introduction 

CIED are a heterogeneous group of medical devices, including pace
makers (PM), implantable cardioverter defibrillators (ICD), cardiac 

resynchronization therapy (CRT) devices, and implantable loop recorders 
(ILR) primarily designed for therapeutic purposes, but also for complex 
and comprehensive diagnostic assessments [1–3]. Although the protec
tive role of CIED in the treatment of potentially fatal bradi- or 
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tachiarrhythmias, sudden cardiac death may still occur. In these cases, 
postmortem CIED interrogation may inform about patients’ terminal 
events, while also aiding forensic professionals in clarifying the cause and 
timing of death, by the detection of arrhythmias and/or device mal
functioning, with potential clinical and medico-legal implications. 
However, recommendations on postmortem CIED interrogation are 
scarce in international guidelines concerning autopsy investigation in 
sudden cardiac death [4], and therefore, in many cases, forensic pathol
ogists are not aware of how to handle these devices and underestimate 
their usefulness [5]. The lack of targeted indications on the relative timing 
of the post-mortem device interrogation and autopsy, the criteria for 
selecting which CIED carriers should undergo analysis and, above all, the 
information that should be obtained (arrhythmic events, adequate device 
functioning, local device-related complications) represent the main lim
itation to the widespread practical implementation of postmortem CIED 
interrogation [6]. The first aim of this systematic review is to provide an 
updated assessment of the role of postmortem CIED interrogation, to 
enhance the awareness of forensic pathologists on its (routinary vs 
selected) correct use, and to provide practical recommendations, which 
can be used in daily practice. Secondly, the authors aim to determine the 
rates of postmortem CIED interrogation and autopsy investigations, the 
type of final rhythm detected close to death, with a focus on the signifi
cance of documented arrhythmias, as well as the role of postmortem CIED 
interrogation in the determination of final cause/time of death, and any 
potentially fatal device malfunctions/concerns. 

2. Materials and methods 

2.1. Data sources and search strategy 

This review is compliant with Preferred Reporting Items for Sys
tematic Reviews and Meta-Analysis (PRISMA) guidelines [7]. A 
comprehensive search, updated on February 25, 2023, was carried out in 
PubMed (MEDLINE) and Scopus, using the following keywords: “post-
mortem CIED interrogation” OR “post-mortem pacemaker analysis” OR 
“post-mortem defibrillator analysis” AND “forensic autopsy CIED” OR 
“forensic cardiac implantable devices”. In addition, the references listed 
in all the identified articles were also screened for the purpose of finding 
other relevant studies. No restriction on time of publication was applied. 

2.2. Selection criteria 

A total of 203 articles were identified by database searching, and all 

titles and abstracts available in English were independently evaluated by 
two of the authors. Articles written in English, and in which postmortem 
human CIED interrogation was performed and reported were included. 
Studies related to cardiac devices other than CIED (i.e., stents, valvular 
devices, ventricular devices) were excluded, along with duplicate 
studies, case reports, letters to the editors, commentaries, review articles 
or guidelines. Fifteen full-text articles were reviewed for assessment of 
eligibility, and 13 studies were included following selection criteria. 
Further analysis of 17 papers identified from references of relevant ar
ticles, especially previous systematic reviews on the topic [8,9], allowed 
to include 12 additional records, yielding a total of 25 studies included 
in the present review [10–34] (Fig. 1). For each paper, the main study 
setting (clinical versus forensic) was collegially determined by the 
authors. 

2.3. Statistical analysis 

Continuous variables are reported as mean ± standard deviation 
(SD), while categorical variables as number and percentage. Data for the 
main objectives of the present review, as described in the introduction, 
were pooled and analyzed using fixed-effects meta-analysis models [35]. 
The I2 statistic was used to assess heterogeneity [36]. A subgroup 
analysis to compare the observations between studies in clinical and 
forensic settings was also performed, without a common estimation of 
variance across subgroups. The statistical programming environment R 
(R Foundation for Statistical Computing, Vienna, Austria) with the meta 
package was used for all statistical analyses. 

3. Results 

3.1. Features of studies included in the systematic review 

The literature search yielded a total of 25 records, which met se
lection criteria and were therefore retained in the final analysis, as 
showed in the PRISMA Flow Diagram (Fig. 1). The design of the included 
studies was retrospective in 12 records [13,18,19,21–23,26–29,33,34], 
and prospective in 13 (4 of which with retrospective analysis) [10–12, 
14–17,20,24,25,30–32]. The features of the studies included in the 
systematic review are presented in Table I. 

3.2. Characteristics of CIED decedents and devices 

Overall, 3194 decedents with CIED were evaluated, with high 

Fig. 1. PRISMA Flow Diagram.  
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variability in the sample size, which ranged from a minimum of 14 in the 
report of Mauf et al. [26], to 415 in the study of Bartsch et al. [17]. All 
studies in which patients’ gender was reported showed a male pre
dominance, ranging from 53% in the study of Riesinger et al. [29] to 
96% in the report of Pires et al. [13], with an overall prevalence of male 
decedents of 77% (95% CI, 74%-79%; I2 83%, p<0.01). 

Overall, there was a slight prevalence in ICD carriers (n=1751 and 
55%; 95% CI, 53%-57%; I2 81%, p<0.01; Fig. 2, panel a), compared to 
PM ones (n=1435 and 45%; 95% CI, 43%-47%; I2 80%, p<0.01; Fig. 2, 
panel b); ILR decedents were rarely described (two studies for total 
number of 8 cases and 0.2%). 

3.3. Autopsy and CIED interrogation 

Consistent with the preeminent non-forensic purposes of most re
ports, in only 10 studies out of 25 included in the present review (40%) 
there was a 100% autopsy rate [19,23,25–30,32,33], whereas in further 
6 studies autopsy findings were variably available, ranging from 11% in 
the study of Kinch Westerdahl et al. [24] to 26% in the reports of Pratt 
et al. [10] and Nagele et al. [18], up to 93% in the study of Paratz et. al 
[31]. Autopsy was not performed in other 7 articles (24%) [12,15–17, 
21,22,34]. The rate of autopsy investigations was 35% (95% CI, 
33%-36%), with high heterogeneity among studies (I2 91%, p<0.01;  
Fig. 3, panel a). 

The rate of postmortem CIED interrogation was available from 22 
studies (88%), in 17 of which (77%) postmortem CIED interrogation was 
always performed. The overall rate of successful postmortem CIED 
interrogation was 89% (95% CI, 88%-90%), but there was high het
erogeneity among studies (I2 88%, p<0.01; Fig. 3, panel b). 

The time interval between autopsy and CIED interrogation was re
ported in only 5 studies [23,25,27,29,32], ranging from an average of 3 
days (range, 13.5 hours to 23 days) in the report of Tseng et al. [25], to 
1.7 ± 0.7 years in the study of Zamani and coworkers [23]. In each 
study, the device was analyzed after removal from decedents, and CIED 
interrogation was never performed in situ (with device still implanted in 
the body), prior to autopsy; postmortem CIED interrogation in situ was 
only performed in subjects not undergoing autopsy [15,17]. 

3.4. Role of device interrogation in the determination of the cause of 
death 

The included studies used heterogeneous classifications of the car
diac causes and modes of death (cardiac arrhythmic death, cardiac non- 
arrhythmic death, sudden cardiac death, non-sudden cardiac death, 
cardiac death with unclear time, un-/witnessed death, in-/out-hospital 
death). What strongly emerges is that despite the presence of CIED, 
sudden cardiac death (defined according to World Health Organization 
criteria [37], as “sudden unexpected death within 1 hour of acute 
symptom onset - if witnessed - or within 24 hours of the last observation 
at baseline - if unwitnessed”) occurred in 27% of patients (95% CI, 
25%-29%), although with considerable heterogeneity among studies (I2 

92%, p<0.01, Fig. 4 panel a). 
Furthermore, studies included in this review reported that 37% of 

CIED carriers experienced a non-sudden cardiac death (95% CI, 34%- 
39%, I2 94%, p<0.01, Fig. 4 panel b), while 30% (95% CI, 28%-32%, I2 

72%, p<0.01, Fig. 4 panel c) died by a non-cardiac cause [11,20,24,25, 
27,28,30]. Specific causes of non-cardiac death are described in Table II. 

Interestingly, some authors highlighted the essential contribution of 
postmortem CIED interrogation in case death remained unexplained 
after autopsy (mors sine materia). In the study of Lacour et al. [28], the 
rate of death of unclear cause passed from 34% after autopsy to 18% 
after postmortem CIED interrogation. Similarly, Riesinger et al. [29] 
reported that out of the 30 decedents with unknown cause of death after 
autopsy, 2 (6.7%) had evidence of ventricular tachycardia at postmor
tem CIED interrogation, thereby clarifying causa mortis. 

3.5. Analysis of terminal rhythm 

Regarding the specific type of arrhythmic event detected close to 
death of any cause, ventricular tachycardia and/or ventricular fibrilla
tion (VT/VF) were found in 34% of postmortem CIED interrogations 
(95% CI, 32%-37%), although with considerable heterogeneity among 
studies (I2 83%, p<0.01, Fig. 5, panel a). When specifically analyzing the 
prevalence of VT/VF in sudden cardiac death, VT/VF were recorded in 
62% of patients (95% CI, 52%-68%), with moderate heterogeneity 
among studies (I2 65%, p<0.01, Fig. 5, panel b). However, some authors 
found that ventricular tachyarrhythmias were not the most common 
arrhythmia detected in decedents with sudden cardiac death, being 
asystole/electromechanical dissociation (not stored in device di
agnostics) slightly more common [27,33]. Notably, among patients with 
functioning ICD, post-shock electromechanical dissociation after 
appropriate therapy for VT/VF may be the ultimate cause of death, in 
agreement with findings from several studies [12,14,20,33]. 

On the other hand, only 60% (95% CI, 55%-65%; I2 87%, p<0.01, 
Fig. 5, panel c) of all recorded VT/VF were found in sudden cardiac 
deaths. The relative prevalence of VT/VF in non-sudden cardiac and 
non-cardiac deaths was rarely reported. 

3.6. Device malfunction 

CIED malfunction was detected in 12% of device carriers at post
mortem interrogation (95% CI, 10%-13%), although with considerable 
heterogeneity among studies (I2 94%, p<0.01, Fig. 6). The higher pro
portion of device malfunction reported by Hauser et al. [16], and Tseng 
et al. [25], respectively of 69% and 45.5%, should be attributed to the 
different study design and purpose. However, it should be acknowledged 
that the etiological role of CIED malfunction in causing death was not 
always clearly reported or interpreted, except in the study of Kinch 
Westerdahl et al. [24], where 4 (3%) ICD malfunction-related deaths 
were reported, and in the study of Bernardes-Souza et al. [33], where all 
the 5 CIED malfunctions reported (4 PM and 1 ICD) were considered as 
likely connected to death. 

3.7. Role of device interrogation in the estimation of the time of death 

In most articles included in this review, the utility of postmortem 
CIED interrogation in estimating the time of death was recognized, but 
detailed data regarding this issue were only reported in 7 studies [2,26, 
28,29,31–33]. The practical criteria used to define the time of death 
with CIED interrogation were the time and date of VT/VF, abrupt 
changes in patient’s activity, and/or changes in lead parameters (such 
as, pacing and shock impedance, pacing threshold, sensing trend), as 
assessed through the analysis of intracardiac electrograms [28,32,33]. 

In the studies of Riesinger et al. [29], and Lackermair et al. [32], the 
determination of the time of death was successfully accomplished by 
postmortem CIED interrogation in more than half of cases (51%, and 
62%, respectively). However, both articles reported different agreement 
rates between postmortem CIED interrogation and documental/autoptic 
assessment (25% vs 92%, respectively). 

Finally, in case of deaths not datable with standard forensic exami
nations (e.g., putrefied bodies), postmortem CIED interrogation allowed 
to determine the time of death (exact time or time frame), as clearly 
described by Lacour et al. [28], and by Bernardes-Souza et al. [33] 
(18.7%, and 15.8%, respectively). 

3.8. Comparison of observations between the studies in clinical and 
forensic settings 

Overall, after collegial assessment, 16 studies were judged as pri
marily conducted for clinical purposes, and 9 for forensic purposes. The 
results of the subgroup analysis are presented in the Supplementary 
Material (Figures S1-S5). In primarily forensic studies, there was a 
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Fig. 2. Prevalence of the different interrogated CIED.  
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Fig. 3. Rates of autopsy investigations and of successful CIED interrogation.  
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Fig. 4. Causes of death among CIED carriers.  
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Fig. 5. Prevalence of Ventricular Tachicardia/Fibrillation at CIED interrogation.  
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greater prevalence of PM carriers (p<0.01), while ICDs were more 
common in primarily clinical studies (p<0.01; Figure S1). Autopsy was 
far more commonly performed in primarily forensic studies (p<0.01), in 
which the rate of successful CIED interrogation was also slightly higher 
(Figure S2). SCD was more common in primarily forensic studies 
(p<0.01), while the prevalence of NSCD was higher in primarily clinical 
studies (p<0.01; Figure S3). Although a similar number of overall VT/ 
VF recorded close to death (p=0.10) and a similar proportion of SCDs 
with evidence of VT/VF (p=0.06) were found in both study groups, 
forensic studies reported a higher proportion of VT/VF in SCD out of 
overall VT/VF recorded close to death (p<0.01; Figure S4). The preva
lence of device malfunction was slightly higher in primarily clinical 
studies (p=0.01; Figure S5). 

4. Discussion 

This review provides an updated systematic literature overview 
concerning postmortem CIED interrogation. Compared to previous sys
tematic reviews on the same topic [8,9], a forensic perspective was 
herein provided, the final aim being to facilitate the adoption of a 
standardized and uniform practice in the assessment of decedent CIED 
carriers. 

This review allows us to summarize the following key points for 
forensic pathologists: 

1)In CIED carriers, the most common causes of death are non-sudden 
cardiac (37%, especially HF) and non-cardiac (30%). Therefore, espe
cially in the absence of potentially fatal recorded arrhythmias at CIED 
interrogation, autopsy has a key role in the determination of the cause 
and time of death. 

2)CIED carriers are not immune to sudden cardiac death, which is 
associated with potentially fatal ventricular arrhythmias close to death 
in 62% of cases. 

3)When arrhythmias are stored in CIED memory close to death, the 
interpretation of the role of the arrhythmia in the causation of death (i.e., 
primary cause or epiphenomenon of a terminal condition) requires a 

comprehensive autoptic assessment, and a holistic forensic investigation. 
4)Forensic pathologists should be aware that CIED malfunction may 

cause death, and a correct postmortem diagnosis may require in situ 
device interrogation and/or careful autopsy practices (i.e., limiting 
damage to the CIED, looking for local complications). 

4.1. Indications for postmortem CIED interrogation 

This systematic review suggests that the gold standard setting for 
CIED interrogation appears to be suspected sudden cardiac death, which 
occurs in 27% of CIED carriers, and in which potentially fatal ventricular 
tachyarrhythmias are detected 62% of times, in accordance with the 
results reported by Pires et al. [12]. Furthermore, postmortem CIED 
interrogation appears especially useful in case of death of unknown 
cause after autopsy [28,29], a condition in which arrhythmias or device 
malfunctions are commonly detected. 

Of note, VT/VF were recorded in 34% of postmortem CIED in
terrogations. It is worthy of attention that several authors (starting with 
Pratt et al. [10] and Pires et al. [11] more than 20 years ago) clearly 
pointed out that arrhythmic terminal rhythms identified by postmortem 
CIED interrogation (VT/VF were the most commonly detected terminal 
arrhythmias) may occur as terminal epiphenomena of a non-cardiac 
death or non-sudden cardiac death (i.e., an agonal rhythm), and not as 
the primary cause of death. This concept is supported by the results of 
the present review, in which only 60% of all recorded VT/VF were found 
in sudden cardiac death. The forensic pathologist must know the dif
ference existing between a death of arrhythmic cause and a death of 
non-cardiac cause with a terminal rhythm of VF [25]. 

A further motivation to systematically integrate CIED interrogation 
in postmortem assessments is that sudden death in CIED carriers may 
sometimes be related to device malfunction (12% of times), with clear 
implications for forensic pathologists, clinicians, and manufacturers. 

The results of the present review highlight that postmortem CIED 
interrogation cannot substitute autopsy, but may provide additional and 
valuable information, whose interpretation may be complex, and 

Fig. 6. Prevalence of device malfunctions.  
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requires integration of all clinical, pathological, and CIED-related data 
by forensic pathologists. Autopsy keeps its fundamental role in deter
mining the cause of death in the absence of recorded potentially fatal 
arrhythmias/device malfunctions, but it is also important in those cases 
where arrhythmias/malfunctions are present, to clarify the relative 
weights of such events in the determinism of death. 

According to the authors, in order to clarify this latter point, a close 
cooperation between forensic pathologists and electrophysiologists/ 
cardiologists is required. 

Furthermore, CIED interrogation helps in the determination of the 
time of death, which may be particularly relevant both in commonly 
encountered forensic circumstances (e.g., putrefied bodies), and in 
special murder-related investigations (e.g., homicides in which valida
tion of alibis needs the exact timing of death) [28]. 

Finally, although only one study included in this review specifically 
reported on cases of traumatic deaths (such as motor vehicle accidents, 
falls from height, etc.) in CIED carriers [31], forensic pathologists should 
be well aware that, in this scenario, a careful postmortem CIED inter
rogation may reveal fundamental information with profound 
medico-legal, insurance, and ethical implications, especially in fatalities 
involving the victim’s own responsibility, helping in the determination 
of the time of death, as well as in the documentation/interpretation of a 
device malfunction close to death (e.g., fatal device concern with 
manufacturer liability versus fatal accident). The relevance of a forensic 
perspective on postmortem CIED interrogation, as well as the potential 
misuse of this technique by forensic pathologists are also supported by 
our finding of heterogeneous results in the comparison of observations 
between studies conducted primarily in clinical or forensic settings. 

4.2. Timing of postmortem CIED interrogation 

In most studies included in the present review, the device interro
gation by an electrophysiologist was always performed on explanted 
CIED, with a significant delay between death/autopsy. No studies re
ported CIED analysis in situ, during autopsy, through telemetric inter
rogation with a device-specific programmer [26], and the only 
exception of in situ assessment was about pacemaker pulse signals, as in 
studies of Bartsch [15,17]. 

Removing a CIED during autopsy requires specific technical skills on 
part of the coroner, not only to avoid damaging device’s components, as 
suggested by Lackermair et al. [32], but also to evaluate intracardiac 
findings near leads (correct position, integrity, complications of the 
implantation procedure) as reported in the study of Novak et al. [38], 
and, finally, to prevent inappropriate ICD shocks at the time of device 
removal [39,40]. Postponing CIED interrogation after autopsy exposes 
to the risk of missing/misinterpreting the recorded events due to noise 
overwriting of existing data [10,32], or battery depletion/device deac
tivation, which did not allow CIED interrogation in several studies 
included in this review. 

4.3. Implementing postmortem CIED interrogation in forensic practice: the 
local experience 

Based on these findings, the authors strongly believe that CIED 
interrogation should be conducted as a preliminary step to autopsy, as 
opposed to what was done in included studies, in order to reduce the risk 
of losing data useful for crucial clinical and medico-legal information, as 

Fig. 7. Marche University Hospital protocol for postmortem CIED interrogation.  
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Table 1 
Features of the studies included in the analysis.  

Main Author, Date, 
Journal [reference] 

Study Design Study Purpose Study 
setting 

No. of 
CIED 

carriers 

CIED 
interrogated 

– No (%) 

Data available 
from 

postmortem 
CIED 

interrogation - 
No. (%) 

Patients’ Age 
at the time of 
death (years) - 

mean (SD) 

Male 
gender 
- No. 
(%) 

Time elapsed 
between 

death and 
interrogation 

Time from 
implant to 
death - - 

mean ± SD 

Cause of Death - 
No. (%) 

Arrhythmias 
detected at 

postmortem CIED 
interrogation - 

No. (%) 

VT/VF detected at 
postmortem CIED 
interrogation in 
different deaths 

groups 

Device 
concerns 
– No. (%) 

Autopsy 
– No. 
(%) 

Pratt, 1996, 
Circulation 
[10] 

Prospective Analysis of the 
precision of sudden 
death classification 

Clinical 109 ICD 58 (53.2) 58 (53.2) 61 (13) at 
implantation 

NA NA NA SCD 17 (16) 
NSCD 51 (46.8) 
NCD 40 (36.7) 

UD 1 (0.5) 

VT/VF 
< 6 h 

20/58 (34.5) 
VT/VF 
< 24 h 

27/58 (46.5) 

VT/VF in SCD 7/ 
17 (41) 

NSCD 12/51 
(23.5) 

NCD 8/40 (20) 

0 29 (26.6) 

Grubman, 1998, 
JACC 
[11] 

Retrospective 
analysis of 

prospectively 
collected data 

Analysis of terminal 
rhythm and 

mechanism of death 

Clinical 119 ICD 119 (100) 119 (100) 67.1 (8.2) 107 
(90) 

NA 11.5±
11.9 months 

SCD 28 (23.5) 
NSCD 55 (46.2) 
NCD 36 (30.3) 

VT/VF 
< 1 h 

38 (32) 

VT/VF in SCD 19/ 
28 (68) 

NSCD 18/55 (33) 
NCD 1/36 (0.02) 

NA 12 (15) 

Pires, 1999, Journal 
of 
Cardiovascular 
Electrophysiology 
[12] 

Retrospective 
analysis of 

prospectively 
collected data 

Analysis of terminal 
rhythm and 

predictors of SD in 
CIED carriers 

Clinical 74 ICD 28 (38) NA 68 (10) 60 (81) NA 13±8 
months 

T-AD 49 (66) 
NT-AD 12 (16) 

UD 13 (18) 

VT/VF 23/28 
(81.9) 

NA 1 (4) 0 

Pires, 1999, JACC 
[13] 

Retrospective Determination of the 
arrhythmic event 

associated with SD 

Clinical 25 ICD 22 (88) 22 (88) 62 (10) 24 (96) NA 13±11 
months 

T-AD 16 (64) 
NT-AD 7(28) 

UD 2 (8) 

VT/VF 15/22 (68) SCD 15/22 (68) 2 (9.1) 3 (12) 

Mitchell, 2002, 
JACC 
[14] 

Retrospective 
analysis of 

prospectively 
collected data 

Determination of 
sudden death’s 
mechanisms in 

ventricular 
tachyarrhythmias 

Clinical 320 ICD 238 (75) NA 68 (11) 257 
(80.3) 

NA 4.7±4.3 
months 

SCD 90 (28) 
NSCD 156 (49) 
NCD 71 (22) 

UD 3 (1) 

NA SCD VT/VF post- 
shock EMD 20/68 
(29) VT/VF shock 

17/68 (25) 
VT/VF incessant 

9 (13) 
Arrhythmias NO 

VT/VF 
13/68 (19) 

2 (0.6) NA 

Bartsch, 2003, Leg 
Med (Tokyo) 
[15] 

Prospective To judge the 
functionality of 
implanted PM 

systems of deceased 
patients 

Forensic 262 PM 262 (100) 262 (100) NA NA NA, but close 
(In situ) 

NA NA NA NA 40 (15.1) 0 

Hauser, 2004, Heart 
Rhythm 
[16] 

Retrospective 
analysis of 

prospectively 
collected data 

Analysis of the 
causes of ICD failure 
and complications 

Clinical 150 ICD 150 (100) 150 (100) NA NA NA NA SCD 42 (28) NA NA 103 (69) 0 

Bartsch, 2005, 
Europace 
[17] 

Prospective Determination of 
undetected device 

disfunction 

Clinical 415 PM 415 (100) 415 (100) 84.7 (11) NA NA, but close 
(In situ) 

48 months NA NA NA 28 (7) 0 

Nagele, 2007, 
Europace 
[18] 

Retrospective Analysis of stored 
electrograms to 

uncover terminal 
arrhythmias of PM 

patients experienced 
out-hospital SD 

Clinical 19 PM 19 (100) 19 (100) 59 (13) 17 (89) NA, but 
before burial 

2.11+1.44 
years 

NA VT/VF 17/19 (89) NA 0 5 (26.3) 

Saint-Martin, 2008, J 
Forensic Sci. 
[19] 

Retrospective Postmortem CIED 
interrogation in 
selected cases to 

autopsy. 

Forensic 20 
(13 PM, 
7 ICD) 

20 (100) 20 (100) 59.5 (35) 13 (65) NA NA NA 2 (10) NA 2 (10) Yes 
(100) 

Marijon, 2009, Am 
Heart J. 
[20] 

Prospective Assess the cause- 
specific mortality 

rates and their 

Clinical 274 ICD NA NA NA NA NA 20.5 ± 6.7 
months 

SCD 29 (10.6) 
NSCD 151 

(55.1) 

NA VT/VF in SCD 18/ 
29 (62) 

NA NA 

(continued on next page) 
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Table 1 (continued ) 

Main Author, Date, 
Journal [reference] 

Study Design Study Purpose Study 
setting 

No. of 
CIED 

carriers 

CIED 
interrogated 

– No (%) 

Data available 
from 

postmortem 
CIED 

interrogation - 
No. (%) 

Patients’ Age 
at the time of 
death (years) - 

mean (SD) 

Male 
gender 
- No. 
(%) 

Time elapsed 
between 

death and 
interrogation 

Time from 
implant to 
death - - 

mean ± SD 

Cause of Death - 
No. (%) 

Arrhythmias 
detected at 

postmortem CIED 
interrogation - 

No. (%) 

VT/VF detected at 
postmortem CIED 
interrogation in 
different deaths 

groups 

Device 
concerns 
– No. (%) 

Autopsy 
– No. 
(%) 

predictors in “real 
life” 

NCD 62 (22.6) 
UD 32 (12) 

Duray, 2009, 
Europace 
[21] 

Retrospective Assessment of 
predictors in a large 

cohort 

Clinical 225 ICD NA NA 63 (11) 186 
(83) 

NA 39–43 + 30 
months 

SCD 37 (16) 
NSCD 88 (39) 
NCD 70 (31) 
UD 30 (13)  

NA NA 0 

Stroobandt, 2012, 
PACE 
[22] 

Retrospective Analysis of chances 
in lead impedances 

of ICDs as the time of 
death 

Forensic 37 ICD 37 (100) 33 (89) NA NA NA NA TAD 21 (57) 
NTAD 12 (32) 

UD 4 (11) 

VT/VF 21/37 
(56.8) 

NA 0 0 

Zamani, 2012, Am J 
Cardiol. 
[23] 

Retrospective Check of remaining 
longevity of CIED 

Clinical 27 (17 
PM, 10 
ICD) 

27 (100) 27 (100) 67.8 (14.7) NA 1.7± 0.7 y 2.5± 2.3 
years 

NA NA NA NA Yes 
(100) 

Kinch Westerdahl, 
2014, Circulation 
[24] 

Prospective Investigation of 
cause and nature of 

death in the ICD 
population 

Clinical 125 ICD 125 (100) 123 (98.4) 74 (9) 111 
(89) 

NA 2.6 ± 2 
years 

SCD 29 (23) 
NSCD (36) 

NCD 47 (38) 
UD 4 (3) 

VT/VF 38 (30.4) VT/VF in SCD 16 
(13) 

4 (3.2) 14 (11) 

Tseng, 2015, JAMA 
[25] 

Prospective Determination of 
causes of SD in 
individuals with 

CIEDs 

Clinical 22 
(14 PM, 
8 ICD) 

22 (100) 22 (100) 72 (16) 17 
(77.3) 

3.2 days 
(13.5 hours – 

23 days) 

NA CD 16 (72.7) 
NCD 6 (17.3) 

VT/VF 13/22 
(87.5) 

VT/VF in SCD 12 
(75) 

10 (45.5) 
PM 3 
(21.4) 
ICD 7 
(87.5) 

Yes 
(100) 

Mauf, 2016, J 
Forensic Sci 
[26] 

Retrospective Verification 
usefulness of post- 

mortem CIED 
analysis 

Forensic 14 
(11 PM, 
3 ICD) 

14 (100) 14 (100) 59 (28) 9 (64) NA NA; 7 (54) CD 10 (71.4) 
NCD 4 (28.6) 

VF 5 (36) NA 2 (14.3) Yes 
(100) 

Sinha, 2016, JACC  
[27] 

Retrospective Determination of 
usefulness of 

systematic routine 
CIED removal, 

interrogation, and 
analysis at autopsy 

Clinical 84 
(37 PM, 
47 ICD) 

84 (100) 84 (100) 64.3 
(16.8) 

59 (70) 17.5 ±13.2 
days 

PM 3.0±2.5 
years 

ICD 2.7±2.2 
years 

SCD 29 (34.5) 
NSCD 11 (13.1) 
NCD 44 (52.4) 

VT/VF 26 (31) VT/VF in 
CD 21/40 (52.5) 
NCD 5/44 (11.4) 

VT/VF in 
SD 24/43 (58.1) 
NSD 2/41 (4.9) 

12 (14.3) 
PM 5 (6) 

ICD 7 
(8.3) 

Yes 
(100) 

Lacour, 2018, 
Circulation 
[28] 

Retrospective Usefulness of 
nonselective 

postmortem CIED 
interrogation to 
define cause/ 

mechanism/time of 
death 

Forensic 150 
(109 

PM, 35 
ICD, 6 
ILR) 

150 (100) 150 (100) 76.3 
(12.8) 

92 
(61.3) 

NA NA SCD 24 (16) 
NSCD 8 (5.3) 

CD-ut 34 (22.7) 
NCD 57 (38) 
UD 27 (18) 

Potentially lethal 
arrhythmic 

episodes 42 (28.5) 

Initial rhythm VT 
in SCD 17/24 

(70.8) NSCD, CD- 
ut, or NCD 7/99 

(7.6) 

9 (6) 
ICD 

Yes 
(100) 

Riesinger, 2019, Int 
J Legal Med. 
[29] 

Retrospective Usefulness of 
postmortem CIED 
interrogation to 

determine cause, but 
especially time of 

death 

Forensic 70 
(45 PM, 
25 ICD) 

70 (100) 68 (97) PM 84 (12) 
ICD 72 (11) 

37 
(52.9) 

Weeks - >2 
years 

NA CD 17 (24.3) 
NCD 23 (32.9) 
UD 30 (42.8) 

VT/VF 9/70 
(12.8) 

VT/VF in 
CD 6/17 (35.3) 

NCAD 1/23 (4.3) 
UD 2/30 (6.7) 

0 Yes 
(100) 

Tajstra, 2020, Pol 
Arch Intern Med. 
[30] 

Prospective Combination of the 
patients ‘clinical 

follow-up, autopsy 
results and 

postmortem CIED 
interrogation 

Clinical 61(13 
PM, 24 
ICD, 24 
CRT-D) 

61 (100) 57 (93.4) 61.2 (11.8) 52 
(85.2) 

NA Median 1 
(0.5–2.75); 

24 (49) 

CD 26 (42.6) 
NCD 16 (26.2) 
UD 19 (31.1) 

VT/VF post-shock 
EMD 17/57 

(27.8) 

NA 6 (9.8) 
ICD 

Yes 
(100) 

Paratz, 2022, JACC 
Clin 

Prospective Definition of the 
feasibility and utility 

Clinical 260 
(202 

PM, 56 

260 (100) 256 (98.4) 72.8 (Q1-Q3: 
62.7–82.2) 

179 
(68.8) 

NA Median 
2.0 y (Q1- 

SCD 129 (49.6) 
NSCD 58 (22.3) 
NCD 73 (28.1) 

VT/VF 121 (46.5) VT/VF in SD 97 
(59.9) 

20 (7.7) 242 (93) 

(continued on next page) 
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well as to ensure greater coroner’s safety during device removal. 
Obviously, this procedure needs a device-specific programmer and a 
close cooperation between forensic pathologists and cardiologists/ 
electrophysiologists, but this teamwork is sparsely structured even in 
European and American referral hospitals, and needs to be better stan
dardized in order to enhance practical implementation of postmortem 
CIED interrogation. The protocol currently used within the Section of 
Legal Medicine and Cardiology and Arrhythmology Clinic at the Marche 
University Hospital in Ancona, Italy is reported in Fig. 7. In the protocol, 
the in situ (prior to autopsy) CIED analysis is recommended, to facilitate 
a preliminary collegial assessment of each case, unless the CIED is 
initially discovered during autopsy in absence of known history of CIED 
implantation and/or external evidence of subclavian/thoracic cica
trices. In the latter case, the forensic pathologist removes the lead using 
specific screwdriver and sends the generator to the core CIED interro
gation laboratory for further assessments. Postmortem CIED interroga
tion was helpful at the authors’ institution in medico-legal postmortem 
examination for either forensic or clinical purposes. Some notable ex
amples are described in the Supplementary Material (Supplemental 
Discussion). 

4.4. Limitations of the study and further applications 

Several limitations of the present study should be acknowledged. The 
included studies were heterogeneous in terms of inclusion criteria and 
classification of the cardiac cause and mode/manner of death. The role 
of CIED interrogation in determining/validating the time of death was 
rarely reported, and could not be systematically analyzed. The presented 
results were influenced by the fact that, in some studies, a certain pro
portion of CIED could not be interrogated due to postmortem device 
deactivation/damage, but also according to study design/purposes, 
further highlighting the limitations of postponing CIED interrogation 
after autopsy. Interestingly, no study systematically assessed the costs of 
electrophysiologic postmortem CIED interrogation, an exception being 
the study of Mauf et al. [26], in which it is reported that the costs of this 
analysis were much lower than that of an autopsy in Zurich Institute of 
Forensic Medicine. Therefore, this issue remains an unanswered 
research and clinical question that needs further investigation before 
proposing a standardized collaboration protocol.Table 1,Table 2 

5. Conclusions 

Postmortem CIED interrogation may represent a valid adjunct to 
autopsy to determine the cause of death, and its application appears 
especially justified in sudden death or in death remaining unexplained 
for autopsy (mors sine materia), but also in traumatic deaths of CIED 
carriers, especially in fatalities involving the victim’s own responsibility, 
in which postmortem CIED interrogation may play a major role to 
determine the possible survivability of the victim, and to distinguish the 
relative contributions of device malfunction versus preexisting heart 
disease as the cause of death in fatal accidents, on a case-by-case basis. 

CIED removal during autopsy and storage for later interrogation may 
contribute to the loss or misinterpretation of important information, 
with clear diagnostic, medico-legal and insurance implications. Per
forming CIED interrogation in situ, prior to autopsy, with a close coop
eration between forensic pathologists and cardiologists, could be an 
interesting solution to be sure to obtain and collect fundamental and 
irrecoverable data. The feasibility of this approach needs to be validated, 
considering all medico-legal, ethical and economic issues, in order to 
develop standardized protocols to be included in autopsy guidelines. 

Above all, forensic pathologists/coroners must be aware of post
mortem CIED interrogation’s potential, limits, and pitfalls to make this 
tool as much reliable as possible. 
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