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SUMMARY
83 pacemaker (PM)/14 implantable cardioverter-defibrillator (ICD) autopsied patients, predominantly males, deceased 4.0±3.0/2.8±2.5 years after implantation 
in hospital. Coronary artery disease was most frequent. Its consequences were more severe in ICD patients. Sclerotic and rheumatic heart changes were present 
in older PM patients group only. The immediate cause of death was mostly of cardiac etiology. Relatively short implant-death interval should be explained by 
rather great part of non-cardiac causes of death in hospitalised patients.
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Příčiny smrti a nálezy na srdci u pacientů s kardiostimulátorem nebo implantabilním 
kardioverterem-defibrilátorem zemřelých v nemocnici

SOUHRN
Cílem bylo analyzovat příčiny smrti a pitevní nálezy na srdci u zemřelých s implantabilními kardiostimulátory a implantabilními kardiovertery-defibrilátory (PM 
a ICD), se kterými se setkávají jak soudní lékař tak patolog. Klinické a sekční nálezy byly analyzovány u 83 zemřelých s PM a 14-ti s ICD. V souboru byla většina 
mužů. Ve skupině s PM 49 mužů a 34 žen, s ICD 11 mužů a 3 ženy. Muži byli mladší v obou skupinách (76±10 vs. 82±6 roků s PM, 64±9 vs. 68±10 roků s ICD). 
Zemřelí s ICD byli mladší než s PM (65±9 vs. 78±9 roků). Interval od primoimplantace přístroje do smrti byl u PM 4.0±3.0 roky, u ICD 2.8±2.5 roku. Základní pří-
čina smrti byla kardiovaskulární u 86,7% zemřelých s PM a 71.4% s ICD, což je více než v běžné české (51,1%) a evropské (35,5%) populaci. Ischemická choroba 
srdeční byla přítomna u 97,6% pacientů s PM a 85,7% s ICD a její závažné důsledky (jizvy, chronická aneurysmata, stenty) byly nalezeny častěji u zemřelých 
s ICD. Dilatační kardiomyopatie byla potvrzena u 4,8% zemřelých s PM a 28,6% s ICD. Sklerotické (28,9%) a revmatické (7,2%) změny chlopní byly přítomny jen 
u v průměru starších zemřelých s PM. Bezprostřední příčina smrti byla kardiální (srdeční selhání, infarkt myokardu) u 51,8% zemřelých s PM a 64,2% s ICD. Ne-
kardiální příčiny (embolie, bronchopneumonie, sepse) byly rovněž časté, což může spoluvysvětlovat relativně krátký interval primoimplantace přístroje - úmrtí.
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Implantable pacemakers (PM) have been used for the treatment 
of bradycardia for more than 50 years and implantable cardio-
verter-defibrillators (ICD) for the treatment of tachyarrhythmias 
for more than 30 years. Cardiac resynchronisation therapy by 
means of biventricular pacing (with or without ICD) has been 
used in patients (pts) with congestive heart failure in the last 25 
years. Indications for implantation of these devices have been es-
tablished (1-6). The therapy with PM and ICD decreases all-cause 
mortality, sudden cardiac death and death from congestive heart 
failure (5-8). Causes of death in PM and ICD recipients are mostly 

cardiovascular (9-10). Complications following implantation and 
during follow-up in PM and ICD pts have been described repea-
tedly (5,6,11,12). Patients with implanted devices represent relati-
vely great and increasing part of population. They die (sometimes 
suddenly) at home or in the hospital and are autopsied in the de-
partments of both forensic medicine and pathology. 

In our earlier publications we described intracardiac findings 
near PM and ICD leads and electrodes (13) and histological findings 
around these electrodes (14) in a group of pts on whom a specially 
focused autopsy was performed. In this study, we present causes 
of death and pathological findings in hearts for all PM and ICD pts 
autopsied within a limited period in our department of pathology. 

METHODS

Between February 2005 and September 2008, autopsies were per-
formed on 97 deceased pts with implanted PMs or ICDs. The devices 
were implanted in several hospitals. Following the clinical and au-
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topsy examinations the gender, age and first implantation-to-death 
interval were evaluated and the underlying causes of death, signi-
ficant diseases, cardiac and extracardiac findings and immediate 
causes of death were analysed. The PM and ICD pts were compared. 

The Student´s t-test was used to compare the age of the pts 
and the first implantation-to-death interval whereas the bino-
mial distribution test was used to compare the gender occurren-
ce and frequency of various diagnoses and findings in pts with 
PM vs. ICD. The findings in 2 pts with biventricular PM and 2 pts 
with biventricular ICD were not evaluated separately because of 
the limited number. 

RESULTS

Autopsy was performed on 83 PM and 14 ICD pts. 
Gender and age  were analysed. Males outnumbered fe-

males, 49 vs. 34 in PM pts (p=0.1, NS) and 11 vs. 3 in ICD pts 
(p=0.03). Average age was 78±9 (45-95) years in PM pts and 
65±9 (48-81) years in ICD pts (p=0.000001). Males were younger 
in both groups: in PM pts 76±10 (45-95) years in males vs. 82±6 
(70-92) years in females, (p=0.004) and in ICD pts 64±9 (48-81) 
years in males vs. 68±10 (62-79) years in females, (p=0.46, NS). 

The  interval  between  first  implantation  and  death                  
(established for 65 PM and in all 14 ICD pts) was 4.0±3.0 (0.08-
12.6) years in PM pts and 2.8±2.5 (0.08-8.3) years in ICD pts 
(p=0.17, NS). 

The PMs comprised ventricular VVI (53), dual-cham-
ber VDD (8), dual-chamber DDD (21) and biventricular (2) 
devices while the ICDs were single-chamber VVI (9), du-
al-chamber DDD (3) and biventricular (2) devices. All of 
the atrial and most of the ventricular leads were bipolar.  
The  underlying  cause  of  death  was mostly general athe-
rosclerosis with its cardiac, cerebral and other complications in 
69 (83.1 %) PM pts vs. 7 (50 %) ICD pts. Other circulatory diseases 
were found in 3 (3.6 %) PM vs. 3 (21.4 %) ICD pts. Non-circulatory 
causes of death were present in 11 (13.2 %) PM vs. 4 (28.5 %) ICD 
pts (tab. 1).

However the pts were mostly polymorbid with under-
lying cause of death and one or several other significant  
diseases. The general atherosclerosis with coronary artery 
disease was the most frequent: 81 (97.6 %) in PM pts vs. 12 
(85.7 %) in ICD pts (tab. 2). Hypertension was present in 58 
(69.9 %) vs. 8 (57.1 %) pts (p=0.34, NS). 

As regards heart pathology, the frequent changes are              
summarised in tab. 2-4. 

The following findings in the myocardium were compared in 
PM vs. ICD pts. 

Coronary artery disease related changes were acute myocardial 
infarction and acute myomalacia in 21 (25.2 %) vs.2 (14.3 %) pts, 
scar in 31 (37.4 %) vs. 12 (85.7 %) pts, out of which with chronic 
aneurysm in 6 (7.2 %) vs. 5 (35.6 %) pts. Evidence of aorto-coro-
nary bypass was found in 7 (8.4 %) vs. 3 (21.4 %) pts and coronary 
stent implantation in 2 (2.4 %) vs. 4 pts (28.6 %) pts (tab. 2).

Disperse multiple fibrosis was present in 65 (78.3) PM vs. 9 
(64.3 %) ICD pts, amyloid 4 (4.8 %) vs. 0 (0 %) pts, primary dilated 
cardiomyopathy 4 (4.8 %) vs. 4 (28.6 %) pts (tab. 3). Interesting 
exceptional findings were: purulent myocarditis 3 vs. 0 (in one 
case there was abscess close to the electrode tip) and metastasis 
of lung adenocarcinoma into the wall of the right atrium 1 vs. 0.

In the endocardium, thrombus was found in 8 (9.6 %) PM vs. 2 
(14.3 %) ICD pts. (tab. 4). Thrombi and connective tissue encap-
sulations were frequent on leads and electrodes, as described in 
our earlier publications (13,14).

The valves exhibited sclerotic and rheumatic changes in PM 
pts only. The sclerotic changes were present in 24 (28.9 %) PM 
vs. 0 (0 %) ICD pts. Annular sclerosis of mitral valve was present 
in 17 and sclerotic calcification of aortic valve in 19 PM pts. In 12 
out of these PM pts both valves were affected. The rheumatic 
valve disease was found in 6 (7.2 %) vs. 0 (0 %) pts (tab. 4).

Other valvular findings were exceptional: acute bacterial en-
docarditis of the sclerotic aortic valve 1 vs. 0, thrombotic endo-
carditis of the mitral valve 1 vs. 0. One PM patient had a papillary 
fibroelastoma of the aortic valve. Two PM and one ICD patients 
were treated by valvular surgery. 

In 2 PM pts radiofrequency ablation was performed. 
The most frequent change in the heart size was hypertrophy 

and dilatation of both ventricles in 35 (42.2 %) PM vs. 10 (71.4 %) 
ICD pts (p=0.04) or of the left ventricle alone in 22 (25.5 %) vs. 3 
(21.4 %) pts (p=0.69, NS). 

The immediate cause of death (tab. 5) was cardiac etiology 
in 43 (51.8 %) PM and 9 (64.2 %) ICD pts. It included heart failure 
in 35 (42.2 %) PM vs. 9 (64.2%) ICD pts and acute myocardial 
infarction in 8 (9.6 %) vs. 0 (0 %) pts.

The circulatory non-cardiac cause was present in 16 (19.3 %) PM 
vs. 2 (14.3 %) ICD pts. A relatively frequent non-cardiac circulatory 
immediate cause of death was massive pulmonary embolism in 8 
(9.6 %) PM vs. 1 (7.1 %) ICD pts (p=0.77, NS). Other non-cardiac cir-
culatory disorders were exceptional: encephalomalacia 4 vs. 0, brain 

Atherosclerosis Other circulatory

disorders

Circulatory

Total

Non-circulatory

disorders

PM pts 69 (83.1 %) 3 (3.6 %) 72 (86.7 %) 11 (13.2 %)

ICD pts 7 (50.0 %) 3 (21.4 %) 10 (71.4 %) 4 (28.5 %)

p 0.005 0.01 0.14 (NS) 0.14 (NS)

Table 1. Underlying causes of death.

CAD AMI or acute

myomalacia

Scar Chronic

aneurysm

CABG Stent

PM pts 81 (97.6 %) 21 (25.2 %) 31 (37.4 %) 6 (7.2 %) 7 (8.4 %) 2 (2.4 %)

ICD pts 12 (85.7 %) 2 (14.3 %) 12 (85.7 %) 5 (35.6 %) 3 (21.4 %) 4 (28.6 %)

p 0.04 0.37 (NS) 0.0008 0.002 0.14 (NS) 0.0002 

CAD – coronary artery disease, AMI – acute myocardial infarction, CABG – coronary artery bypass grafting.

Table 2. Coronary artery disease related changes and revascularization.
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haemorrhage 1 vs. 1, thrombosis or embolism of arteria mesenterica 
superior 2 vs. 0, ruptured aneurysm of abdominal aorta 1 vs. 0. 

Non-circulatory disorders, 24 (28.9 %) PM vs. 3 (21.4 %) ICD pts, 
included bronchopneumonia in 15 (18.1 %) PM vs. 0 (0 %) ICD 
pts (p=0.08, NS), sepsis 5 (6.0 %) vs. 1 (7.1 %) pts (p=0.87, NS) and 
other exceptional causes 4 (4.8 %) vs. 2 (14.3 %) pts (p=0.17, NS).

Three males and one female with biventricular devices (2 PM 
and 2 ICD) were evaluated in this study. There were 3 pts with 
the diagnosis of primary dilated cardiomyopathy and one with 
coronary artery disease, median age 56.8 (48-62) years. In all the 
hearts examined hypertrophy and dilatation of both ventricles 
were present. Three pts died from heart failure and in one the 
immediate cause of death was the rupture of cerebral arterial 
aneurysm.

DISCUSSION
 

The number of patients with implanted PM/ICD devices in-
creases continually. These patients die at home or in the hos-
pital, some of them suddenly. Autopsy of persons who die 
unexpectably at home represents great part of autopsies at de-
partments of forensic medicine. Knowledge of the pathological 
findings in these persons is therefore important for both forensic 
medicine physicians and pathologists.

In gender analysis the number of males outnumbered females 
in this study (significantly only in ICD pts), which is similar to the 
Kim (9), Duray (10), Sindler (15), and Mase (16) publications, and 
the Henyan meta-analysis (17). According to this meta-analysis, 
females, unlike their male counterparts, did not benefit so much 
from ICD therapy in the primary prevention of all-cause mortality. 
One potential explanation for this feature is the lower incidence 
of ventricular dysrhythmias in women. 

As regards to the age in our study, ICD pts were younger than PM 
pts, similar to the Sepsi personal communication. This may be due to 
the fact that pacemakers are also used in very old and polymorbid 
pts while in ICD implantation more contraindications are applied. 

In our group of pts who died in hospital the interval between 
the first implantation and  death was relatively short, 4.0±3.0 
years for PM and 2.8±2.5years for ICD pts. The survival of pts with 
implanted devices will probably be longer and incidence of sud-
den death will be higher in pts who died out of hospital. The pts 
involved in this study were often admitted to hospital due to 

a non-cardiac condition and the cause of death was frequently of 
non-cardiac etiology (see below).

In the Sepsi personal communication of PM and ICD pts who 
died and were autopsied in hospital or died at home and were 
autopsied in the department of forensic medicine, the implan-
tation-to-death intervals were similar to those in our populati-
on (PM VVI 4.0, PM DDD 4.3, ICD VVI 3.7 and ICD DDD 1.9 years). 
Five-year survival in the MUSTT Study (ICD pts) was 76 % (4). In 
the Durray study (10) 822 non-selected ICD pts were followed for 
43±30 months, during which 222 pts (27.4 %) died. A comparison 
of the above-mentioned studies is difficult due to the different 
criteria for patient inclusion and on the mode of evaluation.

The implantation-to-death interval was non-significantly shor-
ter in ICD vs PM pts, similar to the Sepsi personal communication. 
ICD implantation is often indicated in pts with more severe heart 
damage.

The underlying cause of death  was more often circulatory in 
our pts (86.7 % in PM and 71.4 % in ICD pts) in comparison with 
Czech general population 51.1 % (19) and European general po-
pulation 35.5 % (20) apparently because all pts with implants suf-
fer from cardiac disease.

As regards to the heart pathology the most frequent finding 
was coronary atherosclerosis with its consequences. The more 
frequent occurrence of coronary atherosclerosis in PM vs. ICD 
pts may be explained by the higher age of the PM pts. The con-
sequences of coronary atherosclerosis were more serious in ICD 
pts. We found a frequent occurrence of scars, chronic aneurysm, 
aorto-coronary by-pass graftings and coronary stent implanta-
tions. Malignant arrhythmias or risk of malignant arrhythmias and 
therefore indication of ICD implantation is higher in such dam-
aged hearts.

Primary dilative cardiomyopathy was more frequent in ICD vs. 
PM pts.

Sclerotic valve changes were frequent mostly in old PM pts and 
not present in relatively young ICD pts. Rheumatic valve changes 
not so frequent in the last decades were also present in PM pts 
only. Our results demonstrate increasing the importance of 
sclerotic valve changes in comparison with rheumatic changes.

In three pts bacterial purulent myocarditis was found, in one 
case in relation with PM electrode similarly as in Lysenkova study 
(11). Kim described two cases in which the ICD system required 
explantation for infection (9). Baman described risk factors for 
mortality in pts with cardiac device-related infection (18). 

Disperse
fibrosis

Amyloid DCMP

PM pts 65 (78.3 %) 4 (4.8 %) 4 (4.8 %)

ICD pts 9 (64.3 %) 0 (0.0 %) 4 (28.6 %)

p 0.25 (NS) 0.40 (NS) 0.003

DCMP – dilated cardiomyopathy

Table 3. Other myocardial changes. Table 4. Endocardial and valvular changes.

Mural
thrombi

Sclerotic
valve changes

Rheumatic
valve changes

PM pts 8 (9.6 %) 24 (28.9 %) 6 (7.2 %)

ICD pts 2 (14.3 %) 0 (0.0 %) 0 (0.0 %)

p 0.60 (NS) 0.02 0.30 (NS)

Heart
failure

Acute myoc.
infarction

Cardiac
total

Circulatory
non-cardiac

Non -
circulatory

Non-cardiac 
total

PM pts 35 (42.2 %) 8 
(9.6 %)

43 (51.8 %) 16 
(19.3 %)

24
(28.9 %)

40 (48.2 %)

ICD pts 9 (64.2 %) 0 
(0 %)

9 
(64.2 %)

2 
(14.3 %)

3 
(21.4 %)

5 
(35.7 %)

p 0.12
(NS)

0.23 
(NS)

0.39 
(NS)

0.66 
(NS)

0.56 
(NS)

0.39 
(NS)

Table 5. Immediate cause of death.
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The pts were mostly old and polymorbid in this study. Two or 
more pathological processes affected the heart in many cases. 
Coronary atherosclerosis, hypertension, valve changes and cardi-
omyopathies influenced the heart, often in combination. Some 
features such as hypertrophy, dilatation or dispersed fibrosis may 
have been the consequence of several pathological processes.

The immediate cause of death was mostly of cardiac etiology 
and heart failure was the most frequent reason in our study just as 
in the other publications (9-10). But in relatively great part of hos-
pitalized and autopsied pts the immediate cause of death was of 
non-cardiac etiology (pulmonary embolism, bronchopneumonia, 
sepsis etc). It was in 48.2 % PM pts in our study vs. 33.7 % PM VVI 
and 39.8 % PM DDD pts in Sepsi´s communication (these PM pts 
died in hospital and were autopsied in department of pathology 
or died at home and were autopsied in the department of foren-
sic medicine). In ICD pts there were 35.7 % non-cardiac causes of 
death in our study of hospitalized and autopsied pts vs. 17.6 % in 
the Kim study (9) and 31.0 % in the Duray study (10) of all implan-
ted ICD pts. It is necessary to bear this difference in mind during 
examination and therapy in urgently admitted PM/ICD pts.
 

CONCLUSIONS

In PM/ICD pts who died in hospital, males outnumbered females, 
males were younger than females, and ICD pts were younger 
than PM pts, similar to other studies. Younger age of the ICD pts 
may be explained by the fact that pacemakers are used almost 
without contraindications also in old polymorbid pts while in 
ICD implantation more contraindications are applied.

The interval between implantation and death was relatively 
short. The survival of pts with implanted devices will probably 
be longer in pts who died out of hospitals. 

The underlying cause of death was more often circulatory in com-
parison with general population, coronary atherosclerosis with its 
consequences was the most frequent cardiac finding. The more 
frequent occurrence of coronary atherosclerosis in PM vs. ICD pts 

may be explained by the higher age of the PM pts. The consequen-
ces of coronary atherosclerosis were more serious in ICD pts (such 
as occurrence of scars, chronic aneurysm, aorto-coronary by-pass 
graftings and coronary stents) because the risk of malignant arr-
hythmias and indications of ICD implantation are higher in such da-
maged hearts. Dilative cardiomyopathy was more frequent in ICD 
pts. Sclerotic and rheumatic valve changes were present in older 
group of PM pts only. Two or more pathological processes affected 
the heart in many cases. The immediate cause of death was most-
ly cardiac etiology, and heart failure was the most frequent cause 
in our study, similar to other publications. But PM/ICD pts often die 
in hospital also due to a non-cardiac condition, and the immedia-
te cause of death is frequently of non-cardiac etiology (pulmonary 
embolism, bronchopneumonia, sepsis, etc). It is necessary to bear 
this difference in mind during examination and therapy in urgently 
admitted PM/ICD pts. Both forensic medicine physicians and patho-
logists must be familiar with findings in PM/ICD implanted patients.

A  comparison of studies evaluating the causes of death in 
PM/ICD pts is difficult, depending on different criteria chosen 
for assessment and on the mode of evaluation. 

LIMITATIONS

The limitation of this study arises from the fact that all the PM 
and ICD pts investigated died in hospital. The findings in pts 
who died out of hospital could be different. 

Another limitation of the study is the relatively low number 
of ICD and, in particular, cardiac resynchronisation therapy pts 
(with biventricular pacing).

Unfortunately, the clinical data and ECG findings before death 
coming from several hospitals did not allow us to establish the 
diagnosis of sudden cardiac death in this study.
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