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The modern cardiac pacemaker is a commonly
employed device used for the control of various
arrhythmias.1 It has a good record of safety and
eYcacy. Recently models capable of delivering
dc shocks directly to the myocardium to terminate life threatening tachyarrythmias have been
introduced.2 While there are some published
data on the reasons for pacemaker
implantation,3 the causes of death in patients
with pacemakers,4 and pacemaker assessment

post mortem,5–7 our aim in this study was to
make a prospective audit of pacemaker function after death in patients from our cardiology
caseload and to cross correlate this with the
cause of death and other demographic data.
Methods
Over three years, at three hospitals, two
pathologists collected cardiac pacemakers from
deceased patients awaiting cremation and from
cases on which a necropsy had been held. The
connections and lead implantation sites were
checked where possible, and the explanted
units were sent for formal electronic testing.
This involved a check on battery status and
performance under a standard 470 ohm load.
Program details were checked by electronic
interrogation of the pacemaker unit according
to the manufacturer’s instructions.
The patient’s demographic details (age at
death, date of birth, age at pacemaker implantation) were recorded. The certified cause of
death was checked with the patient’s record
(where available) and in those cases having a
necropsy the established cause of death was
recorded. The reasons for pacemaker implantation were also audited. Pacemakers in
deceased patients awaiting burial were not
available for assessment.
Results
In all, 69 patients and pacemakers were
recruited into the study (31 men and 31
women). The distribution of their ages at death
is given in fig 1. Age at death was skewed
towards the elderly end of the spectrum. The
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Abstract
Aim—To audit prospectively the reasons
for pacemaker implantation, the duration
of the pacemaker use, the cause of death,
and pacemaker function after removal
from the patient.
Methods—Pacemakers were removed at
necropsy, or from the bodies of patients
awaiting cremation, in three hospitals
over a three year period. The cause of
death was taken from the results of the
necropsy or from the certified cause of
death. Demographic data, including the
time of implant and reasons for implantation, were checked. The pacemakers were
analysed in terms of battery status, program, and output under a standard 470
ohm load.
Results—69 patients were studied. Average age at death was 78 and 80 years for
men and women, respectively. The average duration since pacemaker implantation was 46 months. Eleven patients had
necropsies, showing that three died from
ischaemic heart disease, six from cardiomyopathy, one from an aortic aneurysm,
and one from disseminated neoplasia.
From the necropsy results and death certificates, the distribution of causes of
death in the group as a whole were ischaemic heart disease (21), cardiomyopathy
(8), cerebrovascular disease (11), neoplasia (11), chest infection/chronic obstructive airways disease (8), and other causes
(10). In all cases the pacemaker box function was within normal limits.
Conclusions—Neither primary nor secondary pacemaker dysfunction was found.
The study highlights the impact of arrhythmias in cardiomyopathy, and raises
questions about the true role of ischaemic
heart disease in these pacemaker requiring patients. The relatively short gap
between pacemaker implantation and
death requires further study.
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Figure 1 Bar histogram of the patient’s age at death
versus case frequency.
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Figure 2 Pie chart showing the indications for pacemaker
implantation in the patients studied. NOS, .

gap between male and female age at death was
small (men 78.2 years, women 80.5 years), the
average being 79.2 years.
The reasons for pacemaker implantation
parallel the results of other studies3 (fig 2) The
study revealed 27 cases of third degree heart
block, seven of second degree block, and two
with first degree block. Sick sinus syndrome
was present in 16 patients. There were,
however, 17 cases in which “arrhythmia NOS”
(not otherwise specified) and/or “syncopal
attacks NOS” were given as the indications for
unit implantation.
The causes of death in the group as a whole
(from death certificates and necropsy findings)
were ischaemic heart disease (21), cardiomyopathy (8), cerebral vascular disease (11), neoplasia (11), chest infection and/or chronic
obstructive airways disease (8), and other
causes, including peripheral vascular disease,
renal failure, gastrointestinal haemorrhage, and
so on (10). These data are displayed graphically in fig 3. In the cases coming to necropsy,
six had cardiomyopathy, three had ischaemic
heart disease, one had an abdominal aortic
aneurysm, and one had disseminated neoplasia. In these latter two cases, the underlying
cardiac lesion was coronary ischaemia. The
cases with cardiomyopathy had amyloid heart
disease (2), dilated cardiomyopathy NOS (2),
hypertrophic cardiomyopathy (1), and cardiomyopathy associated with systemic lupus erythematosus (1). The five cases in which death
occurred below the age of 60 years included
three with cardiomyopathy and two with
ischaemic heart disease.
All the pacemakers functioned within normal limits when tested following explantation.
Time since implantation ranged between one
day and 11 years. The average lifetime of the
implant was 46 months. One case involving a

Figure 3 Pie chart showing the causes of death (from
death certificates and necropsy findings) in the group as a
whole.

defibrillator pacemaker unit (fig 4) was encountered. This unit was removed before it
became evident that the defibrillator had not
been deactivated.
Discussion
Pacemakers are common devices employed for
the management of a variety of arrhythmias.1
Following their introduction,8 9 over the last 40
years their design has improved and relatively
few suVer failure, either primary (program failure, lead fracture) or secondary (battery depletion, “twiddler” damage).10 In this study we set
out to audit pacemaker function in three
hospitals by harvesting the pacemaker units
from deceased patients, recording their demographic data, and formally testing the explanted units electronically.
Although the number of patients recruited
into the study is relatively small, the reasons for
pacemaker implantation reflect those in other
studies,3 and we are confident that we were not
dealing with a biased cohort.
One of the prime objectives for the study was
the assessment of pacemaker status after death.
We were reassured to find that all the units
studied had good outputs against a standard
470 ohm load, with adequate battery reserve
and functioning programs. Within the
necropsy subgroup, the ability to inspect the
entirety of the system directly, from pacemaker
box along the wire to the implantation site, was
employed to exclude wire fracture, implantation misplacement, and infective endocarditis.
None of these features was identified, although
some non-specific thrombus and minor fibrous
adhesions to atrial tissues were noted.11
The benefit of this thorough testing was particularly relevant in those cases that came to
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A defibrillator pacemaker unit showing the “lightning flash” symbol.

coroner’s necropsy. These examinations, often
carried out in cases of sudden death, might
conceivably involve pacemaker dysfunction, so
electronic unit interrogation is pertinent in
medico-legal necropsies of fatalities involving
road accidents and other forms of accidental
death.5
Pacemaker unit assessment within the pacemaker clinic had the additional benefit that we
were able to remove some deceased patients
from the routine clinic recall programme. This
avoided the unfortunate situation where deceased patients were sent clinic appointments
because of failure to update the database. To
augment the recovery of deceased patients’
pacemaker units we have issued local hospitals
with proformas encouraging those removing
pacemakers to return them intact to our centre
with details of the cause of death.
The safe disposal of pacemakers is important. While it is acceptable for pacemakers to
be left in situ in patients awaiting burial, there
is a specific requirement for the removal of
pacemakers if cremation is to take place, to
prevent the possibility of explosion. By requesting the return of pacemakers to our centre we
also hope to avoid the inadvertent placement of
a pacemaker in a standard incineration box of
hospital waste.
The defibrillator pacemaker is being used
increasingly,2 and we were not surprised that
one case featured within our cohort. There is a
suggestion that malfunction in these units is
associated with increased mortality.12 Such
units are capable of discharging a 30 joule
shock and should ideally be deactivated before
any manipulation is undertaken, as recommended in patients undergoing surgery.13 Accidental discharge through scissors cutting the
defibrillator leads could be hazardous to medical or mortuary staV.14 It is helpful that
defibrillator pacemakers bear a hazard warning
“lightning flash” logo (fig 4).

The certificated causes of death showed a
bias towards cases of ischaemic heart disease. If
one accepts the limitations of certificated cause
of death,15 then extrapolating from our
necropsy caseload (in which six of the 11 cases
had an underlying cardiomyopathy), it is possible that cardiomyopathy features more largely
in a pacemaker requiring population than hitherto suggested. The small numbers in our
study preclude any further interpretation, but
future data collection should provide greater
insight into the causes of arrhythmias.
The modern pacemaker has a battery life of
five to 10 years, depending on use. The finding
that the average time between implantation and
death was 46 months was also notable. No pattern was discerned in those with shorter
“lifetimes,” but there is scope for further work
in this area as pacemakers and the patient care
required following implantation are relatively
expensive.16 There has been some work examining patient longevity following pacemaker
implantation in the very elderly.17 Given the
availability of dual lead, multiprogram models
alongside standard VVI pacemakers it would
be financially sensible to target pacemaker
models at specific patient populations.17 Also,
as some of the pacemakers have short implantation times, it might be argued that we should
reuse the explanted units, as is the practice in
some other countries.18 19 However, at present
those units retrieved and deemed suitable are
only available for appropriate veterinary purposes from our centre.
In conclusion, this study confirms the integrity of pacemaker units in patients dying in and
around SheYeld and shows no evidence of
secondary pacemaker failure. The study highlights the impact of cardiomyopathy in the
population requiring a pacemaker, and raises
questions as to the real impact of ischaemic
heart disease.
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with this study and the preparation of the manuscript.
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