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Abstract
Purpose: To determine the proportion of pediatric deaths investigated by HM Coronial
autopsy, which were potentially preventable deaths due to treatable natural disease, and
what implications such findings may have for health policy to reduce such deaths.
Methods: Retrospective Study of 1,779 autopsies of individuals between 7 days and 14
years of age requested by HM Coroner, taking place in one specialist pediatric autopsy
centre. Cases were included if they involved a definite natural disease process, in which
appropriate recognition and treatment was likely to have affected outcome. Strict criteria
were used and cases were excluded where the individual had any longstanding condition
which might have predisposed to, or altered the recognition of, acute illness, or its response
to therapy.
Results: Almost 8% (134/1779) of this population were potentially preventable deaths as a
result of natural disease, the majority below the age of two years. Most individuals reported
one to seven days of symptoms before death and the majority had sought medical advice
during this period, including from general practitioners within working hours, and hospital
emergency departments. Of those who had sought medical attention, around one third had
more than once (28%, 15/53). Sepsis and pneumonia accounted for the majority of deaths
(46% and 34% respectively), with all infections (sepsis, pneumonia and meningitis)
accounting for 110/134 (82%).
Conclusion: Around 10% of pediatric deaths referred to HM Coroner are potentially
preventable, being the result of treatable natural acute illnesses. In many cases medical
advice had been sought during the final illness. The results highlight how autopsy data
review can identify findings of potential significance to mortality reduction, and the
importance of centralised investigation and reporting of pediatric deaths.
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Introduction
The United Kingdom has the highest all cause mortality for children aged 0-14 in Western
Europe[1]. Compared to Sweden, the best performing country, this is an annual excess of
almost 2000 deaths, representing more than 132,000 Potential Years of Life Lost . The
National Health Service (NHS) Outcomes Framework highlights areas for improvement
including domain One (‘Preventing people from dying prematurely’) including ‘Potential
Years of Life Lost from causes considered amenable to healthcare in children and young
people’ (1aii).[2,3], and time from first NHS presentation to diagnosis or start of treatment
has been suggested as an indicator of health care quality[4].
Case analysis of childhood deaths offers some insight into whether deaths were potentially
avoidable. For example, the most recent Department of Education Child Death review report
reported that 22% of deaths were identified as having potentially modifiable factors.[5] In
addition, apparent ‘missed diagnoses’ have been repeatedly reported in the press, with
particular attention on ‘out of hours’ primary care providers [6-8].
The aim of this study was to use post-mortem data to investigate infant and childhood
deaths who were referred for autopsy at a large regional pediatric pathology centre, with a
view to identifying those with a potentially preventable or treatable, natural cause of death in
relation to preceding medical intervention. The study also aimed to explore the utility of using
high quality autopsy data as a means of improving understanding of the findings of
population based data, in order to potentially aid informing policy and ultimately to reduce
avoidable mortality in children.
Methods
Great Ormond Street Hospital, London, is a specialist pediatric hospital which carries out
autopsies on behalf of HM Coroners in the South of England together covering
approximately 18 million of the population (25-30% of total population)[9]. In the region,
cases referred to HM Coroner include all sudden and/or unexpected deaths, and in most
cases an autopsy will be requested. (Whilst a substantial proportion of autopsies in this area
are referred to the centre, cases may also be sent to other centres for autopsy hence the
dataset does not include 100% ascertainment of deaths in the region).
An autopsy database containing detailed non-identifiable data from every autopsy performed
at the centre between January 1996 and January 2012 was searched to identify cases in
which the cause of death was deemed to be a natural disease process in which preceding
medical intervention was likely to have affected the outcome, including clear acute
conditions such as pneumonia, appendicitis, volvulus, intussusception, meningitis and
sepsis, following coroners’ autopsies in infants and children aged 7 days to 14 years of age.
Strict inclusion and exclusion criteria were applied in order to ensure as far as possible that
those included were otherwise normal infants and children dying of acute medical causes
potentially amenable to intervention (Box 1). No cases were included in whom there was an
underlying condition which might have either predisposed to disease, or changed the timecourse of disease, the recognition of severe illness or the response to therapy, and cases
previously admitted to hospital during the index illness were also excluded. The data
therefore underestimate the true frequency of all potentially preventable deaths in the group.
Characteristics including symptoms, underlying diagnosis, medical advice sought, and
treatment given were analysed for general trends rather than individual examples of possible
suboptimal care. The study using routine non-identifiable autopsy data was approved by the
local Research Ethics Committee (Bloomsbury REC).
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Results
Of 1,779 Coronial autopsies performed at the centre between 1996 and end 2011, 134 (8%)
fulfilled the strict inclusion criteria noted above. Nearly two-thirds were infants (85/134, 63%),
and three-quarters were under the age of two years (100/134, 74%; Figure 1) Causes of
death are provided in Figure 2. Sepsis and pneumonia accounted for the majority (46% and
34% respectively), with all infections (sepsis, pneumonia and meningitis) accounting for
110/134 (82%). A presumed pathogenic organism was isolated from peri-mortem or autopsy
samples in 82% (Figure 3), the most common being Staphylococcus aureus (21/134, 15%),
Group B Streptococcus (17/134, 13%), Neisseria meningitidis (15/134, 11%), Streptococcus
pyogenes (Group A Streptococcus, 11/134, 8%), and Streptococcus pneumoniae (9/134,
7%). Multiple organisms were implicated in 11 cases (8%). Seven cases involved viral
infection with bacterial super-infection (Table 1).
The duration of symptoms, as provided from the history and associated clinical notes, is
provided in Figure 4. The majority described symptoms for between one and seven days
(89/134, 66%); there was a peak of individuals with duration of symptoms given as seven
days, probably due to rounding duration of symptoms to a period of one week. The duration
was either not provided or unclear in 16 (12%). In 21, there were apparently no symptoms
preceding the final presentation (16%), the majority of these cases involving sepsis (14/21,
58%), the others including pneumonia (9/21, 38%), and volvulus (1/21, 4%).
Patients were considered to have sought medical advice or treatment if they were seen and
discharged before death, (the presentation or admission during which death occurred was
not included); definite information regarding care prior to death was provided in 86 cases. In
33 of these it was recorded that no medical advice had been sought during the last illness.
Advice was sought at least once from a medical professional or a professional allied to
medicine in 62% (53/86; together totalling 71 consultations). General practitioners and
hospital emergency departments accounted for 87% (62/71) of medical contacts during the
final illness, whilst ‘out of hours’ general practitioners had been consulted only four times
(Figure 5). Of those who sought medical attention, almost one third (15/53, 28%) had sought
medical advice on two or more occasions. One had sought medical attention on four
occasions during the last illness prior to death (Figure 6). The number of attendances with
medical professionals by cause of death is given in Figure 7. In nine of twelve cases of
meningitis for which the number of attendances is recorded, the family had sought medical
attention at least once during the last illness (75%), one had sought advice twice, and one
had sought advice three times without the condition being recognised. Treatment given prior
to final admission, whether on the advice of medical professionals or empirically by the
carer, is given in Figure 8.

Discussion
At present, autopsy derived data represents the gold standard for determining cause of
death, since death certification alone is associated with a significant error rate (at least 30%
for major errors)[10]. This study demonstrates how collated high-quality autopsy data can be
a useful addition to case note analyses of health care practices in child death review
processes, and may be useful for shaping policy responses, such as provision of paediatric
services. At present, however, there is no standardised system for reporting and collating
such autopsy findings from multiple centres. Large national databases allowing complete
ascertainment would provide useful public health data.
The findings of this study demonstrate several important points. First, almost 10% of deaths
in infants and children investigated by HM Coroner are potentially preventable, being the
result of of treatable natural diseases. These most commonly affect children less than two
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years of age. It is widely accepted that the youngest children are often the most challenging
for promptly detecting serious illness. Secondly, in most cases there were between one and
seven days of symptoms preceding death, and in many cases there were multiple
presentations to general practitioners and hospital emergency departments, such
attendances representing potential opportunities for specialist referral or treatment. Thirdly,
such contacts in primary care are not limited to ‘out of hours’ providers, but predominantly
involve ‘in hours’ general practitioners and hospital emergency departments. Finally, some
specific entities, such as life-threatening Group A Streptococcal Septicaemia arising in
Varicella infection, highlight the importance of questioning primary diagnoses, and of
providing adequate procedures to identify children who subsequently deteriorate.
These data demonstrate that over the period of the study, at least 134 infants and young
children referred to our centre for autopsy were previously healthy and died of diseases
which may have responded to appropriate medical treatment. Assuming that the relative
frequency of these findings is similar to national data, there could be around 500 child
deaths in the UK during the study period from infectious and gastrointestinal diseases which
are potentially preventable. Indeed, since Coroners also send some cases to other units,
and we have used extremely strict inclusion and exclusion criteria with the intention of
highlighting deaths only in clearly previously healthy infants and children, our data purposely
represent a significant under-estimate. We have not included any individuals born
prematurely, or those with chronic medical conditions, and there will certainly also be
potentially preventable deaths in these groups. Indeed, pre-existing medical conditions may
make detection of superimposed significant serious illness even more difficult than in healthy
children due to background symptoms. Furthermore, we have specifically excluded natural
deaths which are the result of pre-existing medical conditions, which are nonetheless,
potentially preventable, such as deaths due to asthma, a major cause of potentially
preventable pediatric death.
The estimates arising from this study vary slightly from rates of preventable deaths given by
previous reports. Data from the Child Death Overview Panels[11] suggests that preventable
deaths due to natural diseases represent 2-3% of pediatric deaths. This is significantly less
than the estimate arising from this study, most likely because CDOP data also includes
‘expected’ deaths which are not referred for autopsy, of which a smaller proportion are acute
and potentially preventable. The report of CEMACH suggests as many as 26% of infant and
childhood deaths result from a failure of care[5]. This is likely to be greater than the findings
of the present study due to the inclusion of individuals with chronic diseases and conditions
which might make the identification and treatment of severe illness more difficult.
Our results demonstrate that potentially preventable natural deaths are most common in
younger children, with three-quarters affecting children under the age of two years. This may
be a consequence of both innate predisposition to infectious diseases in this group and the
fact that this is the age group who have the most difficulty communicating their symptoms.
Furthermore signs can be subtle in infants and young children, and the natural course of
illnesses in the young may include a rapid onset and precipitous decline. The data on
duration of symptoms in the period preceding death, as given in the information provided at
the time of autopsy, shows that a minority report no symptoms prior to sudden unexpected
death; most of these cases representing systemic infection (sepsis) in young children and
infants. However, it should be noted that a significant number of these cases involved a
diagnosis of histologically-confirmed pneumonia and it seems unlikely that such individuals
would have no symptoms at all; these cases may therefore result from a lack of recognition
of the severity of illness on the part of some carers. Improved education regarding
recognising the signs and symptoms of serious illness in young children may have an
important contribution to reducing such deaths in addition to addressing issues of health
service provision.
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Nevertheless, the majority of cases were associated with recognised preceding symptoms of
illness, with carers of two-thirds of cases reporting symptoms of between one and seven
days duration, giving a potential period for recognition and treatment. Indeed, of those where
specific data was provided, the majority had sought medical advice or treatment, and of
these, around one third had sought medical advice on at least two occasions prior to the
presentation resulting in death. Of particular note, 75% of cases with autopsy-proven
bacterial meningitis in which medical attendance had been recorded, had been seen by a
medical professional at least once during their final illness. A previous study reporting on
>300 cases of meningococcal disease reported that only half of those affected were referred
to hospital following their initial presentation to medical care[12]. The data also demonstrate
that, in contrast to portrayal in popular media, such missed opportunities are not usually a
feature of ‘out of hours’ primary care providers; the vast majority of medical attendances
were to hospital emergency departments or to general practices during normal working
hours.
Finally, it is of note that seven children died of bacterial super-infection associated with
previous viral infection, and notably, three of these cases involved Group A streptococcal
septicaemia in the context of Varicella infection. This is a well-recognised complication of
Varicella[13], and suspicion should be raised in cases of children attending primary care who
are disproportionately unwell with otherwise typical signs of Varicella infection. Such
examples represent potentially missed opportunities to treat a rare but well-reported lifethreatening condition.
The intention of the present study was not to assess individual practice, but rather to use
high quality autopsy data to identify common risk factors at system level. We acknowledge
that there are limitations, in particular, in the absence of a full investigation into the
circumstances of death and the final illness, some of the cases we have selected as
‘potentially preventable’ may not have actually been prevented despite any form of medical
care. However, since there is currently no method by which data such as this is routinely
collated, our autopsy experience provides some data regarding this issue to raise
awareness and stimulate debate. The data supports the suggestion that routinely including
information such as the number of attendances to health care providers, past medical
history, therapy given and specific causes of death, would allow similar analyses to be
carried out nationally. The study also highlights the role of high quality autopsy data to
provide important public health issues. Provision of accurate denominator data would allow
more accurate estimates to be determined; at present it is not possible to derive exactly what
proportion of infant and child deaths and referred to, or accepted by, HM Coroners, and what
proportion of these cases have a potentially preventable cause identified at autopsy. Overall,
around 45% of all UK deaths are referred to HM Coroner, and about 40% of these undergo
autopsy examination, but no such specific data are available by age group, although children
<14 years of age represents around 4% of inquests, (whilst representing 18% of the
population)[14]. In addition, identification of cause of death in infant and child deaths is
related to the expertise of the pathologist performing the examination, with more medical
causes identified by specialist pathologists, hence further complicating registry derived data
interpretation [15].
In summary, this autopsy study has demonstrated that around 8% of this population were
potentially preventable deaths as a result of treatable natural disease, the majority affecting
children below the age of two years. Most individuals reported one to seven days of
symptoms before death and the majority had sought medical advice during this period,
including from general practitioners within working hours, and hospital emergency
departments. Such attendances represent potential missed opportunities for disease
recognition and treatment. Sepsis and pneumonia accounted for the majority of deaths
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Figure legends
Box 1: Inclusion and Exclusion Criteria
*For a diagnosis of sepsis any two of the following were required: Positive blood/spleen
cultures, clinical evidence of sepsis, pathological evidence of sepsis.
**Allow if single previous infection, completely resolved before the onset of these symptoms.
***Allow if Mild neonatal problems, completely resolved (e.g. neonatal jaundice requiring
phototherapy).
Figure 1.
Age distribution of 134 infants and children with potentially preventable deaths due to
treatable natural causes and undergoing autopsy between January 1996 and December
2011
Figure 2.
Relative proportions of different causes of death in 134 infants and children with potentially
preventable deaths due to treatable natural causes and undergoing autopsy between
January 1996 and December 2011
Figure 3.
Primary Causative Organism in infants and children with potentially preventable deaths due
to treatable natural causes and undergoing autopsy between January 1996 and December
2011
Figure 4.
Duration of symptoms (in days) as reported in the documentation provided at the time of
autopsy in 134 infants and children with potentially preventable deaths due to treatable
natural causes and undergoing autopsy between January 1996 and December 2011
Figure 5.
Medical professionals consulted during the final illness by 53 infants and children with
potentially preventable deaths due to treatable natural causes and undergoing autopsy
between January 1996 and December 2011
* Includes one patient who was refused an appointment and given advice by a GP
receptionist over the telephone
§ Includes one patient who telephoned the OOH GP and was refused an appointment
¤ Clinical history states patient sought medical attention, but does not specify from whom
Figure 6.
Number of attendances with medical professionals during the last illness of 53 infants and
children with potentially preventable deaths due to treatable natural causes and undergoing
autopsy between January 1996 and December 2011
Figure 7.
Number of attendances with medical professionals by cause of death in134 infants and
children with potentially preventable deaths due to treatable natural causes and undergoing
autopsy between January 1996 and December 2011
Figure 8.
Therapy given to 134 infants and children with potentially preventable deaths due to
treatable natural causes and undergoing autopsy between January 1996 and December
2011. [Two patients received symptom control and antibiotics]
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