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Abstract

This study presents the frequency of old myocardial infarctions (OMI), and the frequency of unrecognized 
myocardial infarction (UMI) in elderly people in a forensic material. It was also examined if predisposing factors 
of UMI could be identifi ed. Of special interest was also to investigate the value of the police’s records as a source 
for medical information in a forensic setting. The study is based upon medico-legal autopsies of persons above 
the age of 60 at the time of death during the period 1999-2003. The study included 325 cardiovascular deaths. Of 
these, 166 died from OMI. UMI accounted for 123 of these (74%). Most UMI were located in the interventricular 
myocardial septum and left anterior wall (>60%), but no signifi cant differences could be found between UMI 
and recognized MIs (RMI). No obvious reason could be found as to why the UMI remained unrecognized. Police 
records were inferior to the hospitals records, regarding medical information to the pathologist, with information 
about cardiac disease in about 60%, and with information about OMI in 11-17%. Hospital records supplying 
information about OMI were found in half the cases. It is concluded that unrecognized myocardial infarction is 
not uncommon among elderly persons, and with a high risk of sudden death. More emphasis should be put in 
recognizing OMI in ECGs to attempt to reduce the risk of sudden cardiac death.
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Introduction

In previous studies of deaths among elderly persons in Western Norway, a high 
frequency of deaths from cardiovascular disease has been found [1,2]. These studies 
revealed many unrecognized cardiac diseases in the elderly population, especially 
unrecognized myocardial infarctions. The lack of a central heart registry in Norway 
made it difϐicult to conϐirm these ϐindings. With a declining autopsy rate in Norway 
it was also difϐicult to conϐirm the ϐindings [3,4]. Studies have shown that about 25% 
to 40% of myocardial infarctions are clinically unrecognized until detected with ECG 
performed for screening or other clinical purposes [5,6].

The risk associated with unrecognized myocardial infarction (UMI) has been 
demonstrated to be substantial, with a long-term total mortality as poor or worse than 
that of recognized myocardial infarction (RMI) [6]. It has been shown that the heart 
rate of ventricular tachycardia is inversely related to the size of dense myocardial scar 
[7]. The primary aim of the present study was to examine the frequency of UMI in a 
forensic autopsy material. Most similar previous studies have been on clinical series, 
and have investigated clinical aspects of symptoms and disease [5,6]. We also wanted to 
see if the localisation of the myocardial infarction (MI) had any relevance for whether 
the MI became recognized or remained unrecognized. As the study is based upon 
medico-legal autopsies requested by the police, we found it interesting to examine 
to what extent the police obtain information sufϐicient for the forensic pathologists 
before the medico-legal examination. The value of police reports as a source for clinical 
information was also of interest.
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Materials and Methods

The material was collected from reports, based upon medico-legal autopsies at The 
Gade Institute, University of Bergen, during the 5 year period of 1999 through 2003. The 
inclusion criteria of the study were that the deceased was 60 years or older at the time 
of death, and that the death, after a medico-legal autopsy, was registered as caused by 
either an old myocardial infarction or an acute myocardial infarction. All abbreviations 
used in the text are listed in ϐigure 1. Old myocardial infarction (OMI) was deϐined as a 
morphologically visible scar in the myocardium seen during the medico-legal autopsy, 
and conϐirmed microscopically as scar tissue in the myocardium. Acute myocardial 
infarction (AMI) was deϐined as morphologically acute changes seen microscopically 
with degeneration and necrosis of muscle ϐibres, inϐiltration of neutrophil granulocytes 
and contraction band necrosis.

Unrecognized myocardial infarction (UMI) was deϐined as an infarction that was not 
clinically recognized, and therefore neither registered in the hospital records, nor in the 
police records, based on information from family and friends. Recognized myocardial 
infarction (RMI) was deϐined as MI that was documented either by information in the 
deceased’s hospital records, or by information from police, family and friends. The 
localisation of the myocardial infarctions (Figure 2), was registered together with 
heart weight. Body height and weight were used to calculate BMI. In addition, general 
information like day and month of death, marital status, accommodation, living 
arrangements and place of death of the deceased, were registered. The circumstances 
leading to the ϐinding of the deceased, and information from the person who found the 
dead body, was also registered, from the police records.

Medical information from health services

The local hospitals (Haukeland University Hospital, Voss County Hospital and 
Haraldsplass Deaconess Hospital), all medical records from the included cases were 
examined. Most patient records were from a period before the introduction of digital/
electronically patient records, and full insight in the patients’ records was not always 

Abbreviations: 
 

MI: Myocardial Infarction 
OMI: Old Myocardial Infarction 
AMI: Acute Myocardial Infarction 
UMI: Unrecognized Myocardial Infarction 
RMI: Recognized Myocardial Infarction 
BMI: Body Mass Index 
RCA: Right Coronary Artery 
LAD: Left Anterior Descending Coronary Artery 
CX: Circumflex Coronary Artery 

Figure 1: Abbreviations used in text.
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Figure 2: 1. Right ventricular wall; 2. Interventricular septum wall; 3. Left ventricular anterior wall; 4. Right ventricular 
posterior wall.
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obtainable. We had, however, access to the ICD-9 or -10 codes given at the end of each 
admission, which was sufϐicient to register any serious cardiovascular condition. We 
did not register other diseases from the hospitals’ medical records.

Medical information from the police

With the police’s request of an autopsy, a report always follows describing the scene 
of death, the circumstances and some witness information. The police reports are 
based on interviews with healthcare personnel, friends and relatives. This information 
was registered to compare the quality of the police reports with the information found 
in the medical records from the hospitals. Some of the police reports also contain 
an inventory of medications found at the scene. These lists of medication could 
sometimes give an indication of the deceased’s medical condition. The Chi2 test and 
Student’s T-test was used in the analysis of the results. A probability level of p<0.05 
was considered signiϐicant.

Results

There were performed 2425 forensic post mortem examinations in the period. 
There were 1169 patients 60 years or older. Of these 660 were autopsied. In the others, 
only an external examination was performed. Of the 660, 325 died from cardiovascular 
disease. In 46 patients an acute myocardial infarction was found and considered the 
cause of death. In 166 an old infarction was found and considered the cause of death. 
In the remaining 113 patients no infarction was found (Table 1). In 17 of the 46 
patients dying from an acute MI, an old MI was also found in 15 men and 2 women. 
OMI constituted 51% of all cardiovascular deaths.

Medical information from health services

From the 166 deceased (130 male and 36 female) with OMI revealed at autopsy 
(Table 2), 39 medical records (6 female and 33 male) could not be obtained. It was 
considered that no previous contact with the health services had taken place due to 
severe cardiovascular disease, for all of them, as all such known cases would have 
been admitted to the Haukeland University Hospital, with registration in the patient’s 
medical records. Thus the 6 females and the 33 males without medical records, but 
with an OMI revealed at autopsy, were considered as having an UMI.

Of the 30 females where a medical record was found, no information was found 
indicating an OMI in 22, while 8 of the females had a positive history of OMI. Medical 
records were obtained for 97 of the 130 males. Of these 97, 62 were without any 
medical history of an OMI, while among the remaining 35 males with medical records, 
positive information of an OMI was found. Thus, 33 males without, and 62 males with 

Table 1: The cause of death according to different type of heart condition in number of cases (%). No signifi cant 
differences (p=0.6).

Cause of death Male Female Total
Old MI 130 (54) 36 (43) 166 (51)

Acute  MI 31 (13) 15 (18) 46 (14)
Coronary disease 36 (15) 13 (15) 49 (15)

Hypertrophic heart disease 24 (10) 4 (5) 28 (9)
Other acute conditions 20 (8) 16 (19) 36 (11)

Total 241 84 325

Table 2: Medical information from medical journals obtained from hospitals, and medical information obtained from 
police records.  OR 1.81 for men, OR 2.28 for the women. Medical journals are a signifi cant better source for medical 
information in sudden deaths than police reports.

Male Female
Info RMI (%) UMI (%) Total (%) RMI (%) UMI (%) Total (%)

Medical 35 (27%) 95 (73%) 130 (100%) 8 (22%) 28 (78%) 36 (100%)
Police 22 (17%) 108 (83%) 130 (100%) 4 (11%) 32 (89%) 36 (100%)
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medical records were considered having an UMI, 95 males altogether (73 % of all 
male OMI). Similarly, 6 females without and 22 females with medical records were 
considered having an UMI, 28 altogether (78 % of all female OMI).

Medical information in the police records

Among the 36 females and 130 males with OMI, police records revealed information 
of symptoms like angina and cardiac failure indicating possible heart disease in 24 
females (66.7%) and 72 (55.4%) males. There were no information in the police 
records of an OMI in 32 (89%) of the females, nor in 108 (83%) of the males. Not 
unexpectedly, the medical journals gave more information than the police records 
(Table 2). The police reports, however, gave information of 7 cases with an OMI, not 
recorded in any medical record, two female and ϐive male cases.

Myocardial location of OMI

As many myocardial infarctions affected several adjacent areas in the myocardium 
at the same time, a number of combined infarctions were registered. The number of 
affected areas is therefore higher than the number of cases in the study. Only infarctions 
in the septum and in the left anterior- and posterior walls were found. The locations 
are given in Table 3. The healed myocardial scars were affecting a signiϐicant part of 
the ventricular walls, and no single subendocardial scars were registered. Among the 
166 OMI, the septum was involved in 98 cases, the anterior wall was affected in 78 
cases and the posterior wall in 42 cases (Table 3).

In UMI the septum was affected in 72 of the 123 cases (59 %), the left anterior wall 
in 54 cases (44 %) and the left posterior in 32 (26 %). In RMI the septum was involved 
in 26 of the 43 cases (60 %), the left anterior wall in 24 (56 %) and the left posterior 
in 10 (23 %). Due to the many combined infarctions, the number of infarcted areas 
was 242 in the 166 cases with OMI. The myocardial interventricular septum was the 
most frequent localisation of the OMI in this study. Hearts with multiple scars from 
OMIs, where the location of the scars were not clearly identiϐied in the autopsy report, 
or where substantial scarring was a histological ϐinding, were classiϐied as “other 
location”. Signiϐicant difference in localisation between UMI and RMI were found 
(p=0.030, OR 0.81(0.67-0.98)).

Acute myocardial infarctions

In 46 cases, the cause of death was considered to be an AMI. There were 15 females 
and 31 males (Table 4). Among the 31 males, 15 had an OMI in addition to an AMI, but 
only two of these OMIs were recognized (RMI). Two of the 15 females with AMI also 
had OMI, while one of the two females with AMI had a RMI. Most AMI were located in 
interventricular septum (23 of the 58 locations) followed by anterior wall infarctions 
(21 of 58 locations).

Table 3: Location of all deaths from old myocardial infarctions, divided into UMI and RMI. No signifi cant differences 
between UMI and RMI (p=0.101). In UMI the interventricular septum was affected in 72 of the 123 cases (59 %), the left 
anterior wall in 54 cases (44 %) and the left posterior wall in 32 (26 %). In RMI the septum was involved in 26 of the 43 
cases (60 %), the left anterior wall in 24 (56 %) and the left posterior wall in 10 (23 %).
  OMI

Myocardial infarction
location

UMI RMI
Male Female Total Male Female Total 

Septum 23 11 34 10 0 10 
Septum-Anterior 25 5 30 12 3 15 

Septum-Posterior 7 1 8 1 0 1
Anterior 6 3 9 2 0 2

Anterior-Posterior 13 2 15 4 3 7
Posterior 7 2 9 1 1 2 

Other 14 4 18 5 1 6
Total 95 28 123 35 8 43
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Age, gender, body mass index, and heart weight

In the males, weight could not be obtained due to decomposed body in two cases. 
Results for all groups are shown in table 5. No signiϐicant differences between the 
groups were found. The mean heart weight was elevated for all groups. The heart 
weight was on average 0.66 % of the bodyweight.

Living arrangements, accommodation and factors related to the discovery

Most females lived alone, while a greater proportion of the males lived with a 
partner (p<0.05). A signiϐicant difference in residence was found between females who 
tended to live in apartments, and males who tend to live in detached or semidetached 
houses (p<0.05). No signiϐicant differences between males and females could be found 
regarding who found the deceased, but a greater amount of men was found by friends 
and co-workers. More males (31%) were also observed getting ill, than females (16%), 
although no signiϐicant differences could be found (Table 6).

Discussion and Conclusion
The material is based upon forensic examinations, and most cases from the study 

population were found dead outside a health institution, most of them at home. Other 
studies have also shown that a high proportion of fatal cardiac arrests occurred outside 
hospital and that an inverse relation with age exists [8,9]. In one study, 91% of such 
fatalities in persons below age 55 and 70% at age 65-74 happened outside hospital 
[8]. A similar age trend has been reported from the United States on the basis of data 
from death certiϐicates and was also observed in the pilot Brighton heart attack study 
[10,11]. The high proportion of deaths outside hospital shows the potential limitations 
of further improvements in hospital treatment. To reduce the number of sudden 
cardiac death, primary prevention and intervention before admission is necessary. 
This can be improved by intensiϐied training of ambulance crew members, and also 
by public education in cardiopulmonary resuscitation and deϐibrillation. Implantable 
cardioverter deϐibrillators (ICD) can also prevent sudden deaths, and it is therefore 
important that UMIs can be recognized.

Depending on the country’s rate of medico-legal autopsies, a forensic autopsy 
material will give more information about the cardiac health in general elderly 
population than a hospital autopsy material. The mortality rate from cardiac disease 
in Norway declined during 1987 to 2007 [12]. A decline in the number of myocardial 
infarctions was also seen during the (19)90ies. New clinical diagnostic guidelines, with 
the measurement of troponin as a blood test from around year 2000, led to an increase 
of 33 % more MIs during 2000-2002 [13]. Some of our UMIs, might have been detected 
clinically with these diagnostic guidelines. UMI are very common also in other studies, 
and beyond age 65, women are as vulnerable to cardiovascular death as men [14]. 
UMI pose a high risk of sudden death with 34% of sudden deaths attributed to UMI 
in one study from USA [15].We found a higher proportion of UMI in sudden deaths, 
but the American study is conducted after the implementation of the new diagnostic 
guidelines. With the use of such new diagnostic guidelines, the number of UMIs in our 
population might have been lower.

Table 4: All patients with AMI as the cause of death, with location of OMI and AMI in the same hearts.

Location
Acute MI Old MI

Male (%) Female (%) Total (%) Men (%) Female (%) Total (%)
Septum 9 (29) 5 (33) 14 (30) 8 (26) 0 8 (47)

Septum-Anterior 7 (23) 2 (13) 9 (20) 2 (7) 1 (7) 3 (18)
Septum-Posterior 0 0 0 0 0 0

Anterior 7 (23) 2 (13) 9 (20) 1 (3) 0 1 (6)
Anterior-Posterior 1 (3) 2 (13) 3 (7) 2 (7) 0 2 (12

Posterior 6 (19) 2 (13) 8 (17) 1 (3) 0 1 (6)
Other 1 (3) 2 (13) 3 (7) 1 (3) 1 (7) 2 (12)
Total 31 15 46 15 2 17
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Clinicians and pathologists differ in the deϐinition of the anatomic location of the 
myocardial infarction. Clinicians often deϐine the location from ECG or echocardiography 
ϐindings. These may differ from the anatomical classiϐication the pathologists use. One 
clinical study, performed with MRI and nuclear contrast imaging, showed that 49 
% of all MI, were in the left anterior wall, and the rest in other locations [16]. Our 
ϐindings indicate a different distribution of the MIs, with the interventricular septum 
being more often involved, but direct comparisons is difϐicult due to differences in 
nomenclature. A Norwegian study gives the distribution of coronary atherosclerosis, 
and thus an indication where one could suspect to ϐind AMI [17]. However, the blood 
supply to the interventricular septum can derive from different major vessels. The 
right coronary artery (RCA) or the left circumϐlex artery (CX) and in some cases both, 
can all supply the right posterior descending (PDA) artery. In addition, the anterior 
aspect of the septum is supplied by the left anterior descending artery (LAD). In the 
study referred, LAD was affected in 44% of the cases, CX in 14% and RCA in 41% of the 
patients. Only 20% had a 3-vessel coronary disease. 55% had a single vessel disease. 
In our study, more patients had 3 vessel disease. We found no differences in symptoms 
reported, between patients with UMI and RMI, and were not able to detect a difference 
between UMI and RMI that could explain why some MIs remain unrecognized.

In one study individuals in lower socio-economic groups had fewer visits to a 
doctor, less medication and were less likely to have cardiac disease prior to death [18]. 
We found no signiϐicant differences when considering socio-economic factors such 
as marital status and type of residence. In this study from Finland, of medico-legal 
autopsies, the interventricular septum was involved in 52% of all OMI, not unlike our 
results [18]. 

Table 6: Living arrangements, the cause of fi nding and by whom, in those dying from OMI.
Female Male Total

Marital status 
(p=0.010)

Unknown 3 12 15
With partner 5 52 57

Alone 28 66 94
36 130 166

Residence 
(p=0.002)

Unknown 5 54 59
Detached/Semidetached 8 36 44

Apartment 21 37 58
Institution 2 3 5

36 130 166

Found by whom 
(p=0.105)

Unknown 3 20 23
Family 18 51 69

Health workers/Police 13 28 41
Friends/co-workers 2 26 28

Other 0 5 5
36 130 166

Found why 
(p=0.103)

Unknown 4 13 17
Observed getting ill 6 40 46
Family came home 1 1 2

Not appeared at work 3 5 8
Not answering phone 4 14 18

Routine visit 11 17 28
Other 7 40 47

36 130 166

Table 5: General statistics on those with cause of death OMI vs AMI. The table shows the mean (±SD) and range. No 
signifi cant fi ndings between male and female with Students T-test.

Old myocardial infarctions Acute myocardial infarction
Male Female Male Female

Age (year) 71±8 (60-93) 75±9 (62-94) 70±7 (60-85) 76±7 (69-90)
Height (cm) 177±7 (163-198) 163±7 (146-176) 175±9 (148-194) 161±9 (141-175)
Weight (kg) 83±18 (43-159) 68±17 (46-126) 79±14 (52-114) 70±13 (42-85)

BMI 26±5 (15-52) 25±5 (19-47) 26±3 (20-35) 26.6±4 (17-33)
Heart weight

(gram)
570±151 (280-775) 458±151 (280-685) 515±89 (380-720) 448±115 (300-760)
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The septum was equally often affected in UMI and RMI. The anterior wall was more 
often affected in RMI than in UMI, which is similar to other studies where this ϐinding 
was signiϐicantly more common in patients with RMI than in UMI [19]. Posterior wall 
infarction was equally often seen in UMI and RMI, while posterior infarction was more 
common in UMI than RMI in this study from USA [20]. Compared with the patients 
with clinically recognized acute myocardial infarction, the patients with clinically 
unrecognized infarction had a signiϐicantly higher incidence of diabetes mellitus. This 
has not been examined in the present study.

Other studies have shown a ratio as low as 5% for silent ischemia in elderly [20]. 
Elderly persons may have atypical symptoms and be more prone to silent myocardial 
ischemia [21]. As the mean age in our study was high, this could explain our ϐindings 
of a high number of OMI, although the reason why elderly have atypical symptoms 
is not known. In some studies of UMI, very few had ECGs indicating OMI, with ECG 
having low sensitivity [22,23]. A complicating factor in the diagnosis of OMI is that a 
random ECG may not always give indications of OMI. A study regarding infarctions in 
the septum, showed that the Selvester QRS points system indicated a 52 % prevalence 
in anteroseptal scarring, but only one of 46 patients involved, had septal scarring [24]. 
Random ECG is difϐicult to use in the diagnosis of UMI, as Q-waves have poor predictive 
value of localisation of MI in all parts of the heart, except the anterior wall, where one 
ϐinds a scar in 89% of all Q-waves [25].

Studies have shown that in patients with cardiac ischemia and OMI, there can be 
changes in the potassium ion channels that may predispose to cardiac conduction 
disturbances, and may cause cardiac arrhythmia [26]. Old myocardial infarctions can 
cause delayed conductivity, and thus arrhythmia, especially if it is interfering with 
the bundle of His [27]. The present study is pathology based, and for an AMI to be 
visible microscopically, the patient has to survive the AMI for several hours. Therefore, 
in this study, we cannot exclude that in addition to the registered OMIs, there also 
can be some AMIs. A number of the deaths have been witnessed, and the general 
impression is that the death is very sudden. The myocardium has been thoroughly 
examined microscopically before we have concluded that a diagnosis of AMI is not 
possible. Biochemical markers have not been used. We are convinced that malignant 
arrhythmias occur in OMI and that therefore the cause of death is the OMI and in most 
cases not an AMI.

The heart weight was high for most of the patients in our study, with a ratio of 
0.66% of bodyweight. It is well known that sudden cardiac deaths have been associated 
with increase in myocardial mass [28,29]. In our material the mean heart weight was 
enlarged, with 0.66% of bodyweight, a risk factor of sudden deaths, although no 
signiϐicant differences could be found between UMI and RMI.

The police records were nearly as good as the medical records for information 
regarding pre-mortal state of health in this study. Compared to how often cardiac disease 
is found during a post-mortem, we found that a large number of heart conditions were 
unknown in the police records, but also to a high degree unknown in medical records. 
In a study from New Zealand, with evaluation of police reports in sudden unexplained 
death, more than 75% of the police reports did not contain necessary information of 
medical or family history [30]. Our impression is that the police reports in Western 
Norway probably were a reasonable good source of information.

The police reports are, however, not as good a source of information as the medical 
journal. In some cases, the police reports are scarce, due to lack of relatives to ask, 
or other circumstances making a full interview difϐicult. However, it is obvious that 
information found in the medical journals, hopefully known to the deceased, has not 
been shared with the relatives, making them unfamiliar with the deceased’s health 
status.
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The study population has been found to differ very little from the average population 
in Western Norway [3,4,31,32]. No signiϐicant differences were found regarding pre-
mortal state of health, living arrangements and type of residence. No more diseases or 
ailments, no high risk factors for sudden deaths, or severe illness than in the average 
population were found.

No seasonal differences, relating to age, sex or origin of MI were found. There were 
not found any increase in the death rate during the inϐluenza season, or during warmer 
periods in the summer when elderly have had a higher risk of lethal illness [33,34]. In 
this forensic material from a Western Norwegian population of sudden cardiac deaths, 
half of the decedents probably were unaware of their survived previous myocardial 
infarction. Most of these unrecognized conditions were probably silent infarctions. 
The anatomical localisation of the UMIs, was mostly in the myocardial interventricular 
septum. Males had more UMIs than females, and males were younger than females. 
Unfortunately it was not stated in the forensic journals if the OMI was transmural. This 
could be of importance as it has been shown that the correlation between the heart 
rate of ventricular tachycardia increases with higher degree of scar transmurality [7]. 
Such information could be used when selecting candidates for ICD. There were no 
signiϐicant correlation between the location of the MI and the lack of symptoms. The 
mean heart weight was elevated, and all victims had severe coronary disease. Most of 
the decedents died outside health institutions.

To reduce the number of sudden cardiac death it is necessary to inform the public 
about symptoms of a MI. To reduce the death among those who have an UMI, it is 
necessary with intervention by intensively trained ambulance crew members, and also 
by public education in cardiopulmonary resuscitation and deϐibrillation.

New advances in clinical diagnostics of myocardial ischemia have been introduced 
since the study population was examined. Today’s frequency of UMI may be different. 
A combined study of medico-legal autopsies and clinical autopsies may reveal if the 
last decade’s new diagnostic guidelines, as well as new diagnostic methods such as 
coronary computed tomography, and frequent use of angiography have reduced the 
frequency of UMI.
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