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Abstract The aim of this clinicopathological study was to
determine the frequency of infant deaths due to unnatural
causes among cases of sudden and unexpected infant death.
Nine institutes of legal medicine in Germany that took part
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in the German study on Sudden Infant Death Syndrome
(GeSID), representing 35% of the German territory, in-
vestigated in a 3-year period (from 1998 to 2001) 339 cases
of infant death that were not expected to be due to unnatural
causes from the first external examination. All cases were
investigated by complete, standardised, post-mortem exam-
ination including death scene investigation, autopsy, his-
tology, toxicology and neuropathology. The frequency of
unnatural deaths was 5.0% (n=17). The causes of death were
head injury (n=7), suffocation (n=5), poisoning (n=2),
neglect (n=2) and septicaemia due to aspiration of a foreign
body (rn=1). Two deaths were unsuspected accidents and 12
were due to infanticide. In 3 cases, it was not possible to
differentiate between accidental death and infanticide. A
complete postmortem examination including an analysis of
the clinical history, death scene investigation, autopsy, his-
tology, toxicology, and neuropathology is mandatory to dif-
ferentiate sudden and unexpected deaths due to natural causes
(e.g. SIDS) and cases of unnatural death.
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Introduction

The investigation of sudden unexpected death of infants is
difficult. After a thorough investigation at least three enti-
ties can be described: (1) one group of cases lacking clinical
symptoms as well as significant pathological findings, which
has been designated sudden infant death syndrome (SIDS)
and which is still believed to be of common but unknown
etiology; (2) cases with known and internationally accepted
cause of death, but the related diseases were lacking serious
preceding symptoms or were not recognised as such; (3)
between these extremes is a group of “borderline” SIDS
with mild or intermediate findings not considered to be a
sufficient cause of death. All three subgroups can become
complicated by the admixture of unnatural deaths. These
include deaths due to suffocation, but lacking external le-
sions because oronasal occlusion has occurred by soft cover-
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ing, and deaths due to poisoning by drugs or other substances
that have been administered but not identified. This is made
more complex by the occurrence of unnatural mechanisms
in the presence of mild pre-existing changes that are held
responsible for the cause of death.

Although there is a wide range of estimated frequency of
deaths due to suffocation (between 0.6 and 10%) [1,4]and a
considerable number of cases of infanticide that were orig-
inally diagnosed as SIDS [5], an autopsy is performed in
Germany in about 50% of the sudden and unexpected infant
deaths only [8].

The aim of this study was to examine the circumstances
and causes of unnatural deaths in infants dying suddenly
and unexpectedly that on initial external assessment were
thought to be from natural causes. In addition, the value of
different diagnostic instruments will be analysed and the
number of unrecognised infanticides will be estimated for
Germany.

Material and methods

The German SIDS study was a case—control study with 18
centres participating [14]. Unnatural deaths were recorded
systematically as a substudy in nine centres. The other nine
centres did not record the information on unnatural deaths
or permission was not granted to send the information to the
national study centre. The nine participating centres in this
report cover 35% of all births in Germany. The study period
was from November 1998 to October 2001. Cases younger
than 8 days or 1 year of age or older were excluded from the
study.

In Germany the first external examination is usually done
by an emergency doctor, general practitioner or paediatrician.
If any suspicious finding was seen the case was referred to
the prosecutor and was not included in the GeSID study.
Similarly, cases that were suspected as being due to an ac-
cident based on the death scene examination by the police

Table 1 Case description: cause of death and mechanism of death, main findings, and critical diagnostic instruments

Case no. Cause of death Mechanism Case description

Critical diagnostic

instruments

1 Septicaemia Accident  Aspiration of foreign body with necrotising pharyngitis and septicaemia Macro. exam.,
microbiology

2 Suffocation Accident  Aspiration of foreign body with airway occlusion Macro. exam.

3 Dehydration  Unclarified Neglect, subileus Macro. exam.

4 Dehydration,  Unclarified Neglect, failure to thrive Macro. exam.

5 Poisoning Unclarified Heroin poisoning, heroin-dependent mother Toxicology

6 Head injury Infanticide Small haematoma of the scalp, intracerebral haemorrhage, pneumonia Macro. exam.,
neuropath., histology

7 Suffocation Infanticide Repeated soft covering or external airway occlusion, lung siderosis Macro. exam., histology

8 Suffocation Infanticide External mechanism of suffocation Macro. exam., histology®

9 Suffocation Infanticide  Soft covering, respiratory tract infection Macro. exam., histology®

10 Suffocation Infanticide Compression of the neck—3 small haematomas in the muscles of the Macro. exam., X-ray

neck, multiple fractures at different stages of healing

11 Head injury Infanticide Subdural haemorrhage Macro. exam.,
neuropath.

12 Head injury Infanticide Haematoma of the scalp, severe brain oedema, respiratory tract infection Macro. exam., histology,
neuropath.

13 Head injury Infanticide Subdural haemorrhage, pneumonia Macro. exam., histology,
neuropath.

14 Head injury Infanticide Subdural haemorrhage, generalised viral infection Macro. exam., histology,
virology, neuropath.

15 Head injury Infanticide Retinal haemorrhages, subdural haemorrhage, severe brain oedema Macro. exam.,
neuropath.

16 Head injury Infanticide Small haematoma of the scalp, subdural haemorrhage, brain oedema  Macro. exam.,
neuropath.

17 Poisoning Infanticide Promethazine poisoning, focal pneumonia Toxicology, histology

Macro. exam. macromorphological examination, neuropath. neuropathology
In case 8, severe congestion of the conjunctivae was found. Lung histology showed severe congestion, intraalveolar, septal and subpleural
haemorrhages, and severe acute emphysema; other organs: no pathological changes. The suspicion “external suffocation’ has been confirmed

by the perpetrator’s confession.

°This infant suffered from cough and cold 2 days prior to death. Histology: mild pharyngitis, tracheitis; lung histology: acute congestion of the
blood vessels, haemorrhagic oedema of the alveoli and the alveolar walls, microhaemorrhages, septal and subpleural haemorrhages, severe
acute emphysema, microembolism (mainly bone marrow cells); other organs: unspecific changes. Confession of the perpetrator: occlusion of

nose and mouth



Table 2 Causes and mechanisms of unnatural death

Cause of death Accidental Unclarified Infanticide Total (n)
Neglect 0 2 0 2
Suffocation 1 0 4 5
Poisoning 0 1 1 2
Head injury 0 0 7 7
Other 1 0 0 1
Total (n) 2 3 12 17

were not enrolled. Thus, the cases that were enrolled into
this study were sudden and unexpected infant deaths that
were initially thought to be from natural causes.

The study manual was in accordance with the European
guidelines for medico-legal autopsies [15] and closely re-
flects the international standardised autopsy protocol [2].
The death scene investigation was performed by police
officers in all cases, and in some areas as well as in selected
cases by a specialist in legal medicine. The autopsy included
a thorough external examination, complete internal exam-
ination, extensive histology, microbiology, PCR-based virol-
ogy, neuropathology, clinical chemistry if indicated and a
full analytical toxicology scheme. Before the autopsy, an
X-ray investigation of the whole body was performed. The
final diagnosis was made in an interdisciplinary case con-
ference at the study centre.

Results

There were 339 infant deaths that were registered in the
study from the nine centres. Of these 339 cases, 292 (86.1%)
were classified as SIDS. In 30 (8.8%) cases a morpholog-
ically defined natural cause of death was found and in 17
(5.0%), an unnatural cause of death.

The average age of these 17 infants was 4.0 months (range,
3-51 weeks). Nine of the cases were male (52.9%).

Analysis of the individual cause, mechanism and de-
scription of the unnatural deaths (Table 1) shows that the
most frequent causes of death were head injury (n=7) and
suffocation (n=5). Poisoning (n=2), neglect (n=2), and sep-
ticaemia (n=1) accounted for the other cases.

Two deaths were unsuspected accidents and 12 were due
to infanticide (Table 2). Thus, the incidence of infanticide,
which initially was suspected as SIDS or natural cause, was
3.5% in this study. In about 20% of the unnatural deaths
(n=3) it was not possible to differentiate between accidental
death and infanticide.

Table 1 summarises the critical diagnostic instrument for
the identification of the cause and mechanism of death. All
cases of head injury were identified by the macroscopic ex-
amination of the brain and completed by neuropathology/
histology. Histology is necessary in each case to identify
pre-existing diseases and to estimate the time of violence
prior to death. In cases of suffocation it can be indicative of
the cause of death.
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Discussion

In this study, infant death due to infanticide initially thought
to be due to SIDS was rare (3.5%). Even if those cases
where it was not possible to determine whether the death
was due to an accident or infanticide are classified as in-
fanticide, then the incidence was still only 4.4%. This figure
is similar to the Westphalian cot death study conducted in
1990-1995, which found 8 cases of unsuspected infanticide
among 274 cases of sudden and unexpected death (2.9%)
[10]. This result is in contrast to Krous et al. [3], who found
that the ratio of infanticide to SIDS increased in California
from 4.3 to 10.2% over a period of 18 years. These dif-
ferences can be explained by a different period and a dif-
ferent study design (these authors analysed all infanticides,
not only those that were detected among cases presenting as
SIDS).

This study illustrates the need for a complete post-mortem
examination in order to identify the 5% of unnatural deaths
that are unexpected. However, it should be emphasised that
in about a quarter of unnatural deaths the mechanism (acci-
dental or inflicted) may not always be apparent despite this
extensive investigation. In particular, the detection of suffo-
cation due to soft covering or external airway occlusion can
be difficult[1, 4, 6, 10]. Small lesions in the skin of the neck
or face as well as histological findings in the lungs (e.g.
acute emphysema, congestion of blood vessels, alveolar and
septal haemorrhages) should leave a wake of suspicion. In
the present series, this suspicion was confirmed in two of
three cases by the police investigation (Table 1, cases 9 and
10), whereas in case 6 the mechanism leading to death re-
mained unclear.

The international standardised autopsy protocol [2] has
become the recognised standard for the post-mortem exam-
ination of sudden unexpected deaths in infancy [11]. How-
ever, the value of the individual components of the protocol
has not been systematically studied. Toxicology was essen-
tial to detect the two cases of poisoning that would not have
been recognised otherwise. Whole-body radiograph was a
useful confirmatory diagnostic tool in one case of infanti-
cide (before autopsy), but did not lead to a diagnosis of
infanticide that would not have been identified by other
means. The cases of infanticide from head injury would be
difficult to detect without macroscopic examination of the
brain. This argues against the suggestion of a limited autop-
sy [12] not including the brain. These results demonstrated
that an external examination of the infants body is essential
but often not sufficient to recognize cases of unnatural death.
This is particularly true for infants who died due to suf-
focation or head injury. These two types of violence were
the cause of death in 10 of 11 infanticides. External changes/
injuries such as petechial haemorrhages in the eyelids, the
conjunctivae or the skin of the head, minor excoriations or
blood-tinged fluid around the mouth and nose are rare [4—7].
In cases of shaken baby syndrome, small haematomas of the
skin of the chest or of the extremities can be the only visible
injury and are unspecific [7].

In Germany, 8,332 cases were officially registered as
SIDS in the 10-year period from 1990 to 1999 [13]. An
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autopsy was performed in about 50% of these cases [8].
Furthermore, of those that were autopsied, additional in-
vestigations such as histology, neuropathology and toxi-
cology were not routine. If these data were applicable to
those that were essentially uninvestigated (4,166 not au-
topsied), then there would have been on average 21 un-
identified unnatural deaths per year of which there would be
14 infanticides per year. This argues strongly for a complete
autopsy in all cases of sudden unexpected death in infancy.
It has to be stressed that it is the primary task of the specialist
in legal medicine and not that of the prosecutor to decide
which investigations are necessary. Even if a complete in-
vestigation had been performed, in about 20% of the cases
of unnatural death differentiation between accidental and
homicidal mechanisms cannot be determined. If the sus-
picion cannot be confirmed without any reasonable doubt,
e.g. by the police investigations, the parents have to be pre-
sumed innocent.

Conclusion

Unsuspected unnatural deaths are rare (5.0%) among in-
fants who die suddenly and unexpectedly that are suspected
of dying from natural causes. A complete post-mortem in-
vestigation is essential to detect cases of unnatural death as
well as infanticides.
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