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Abstract

Background: Confidential enquiries into asthma deaths can identify inadequacies in medical management and factors which contribute
to patients’ death.   

Aims: To identify risk factors for paediatric asthma deaths over a 6-year period. 

Methods: Observational case-series study of paediatric asthma deaths between 2001-2006 in the UK Eastern Region. Hospital, primary
care and post-mortem data were obtained for every child (≤17 yrs) with asthma recorded on the death certificate, and a detailed
questionnaire was completed. Information was obtained on asthma severity, medications, hospital admissions, GP and hospital follow-up,
adherence, psychosocial / behavioural factors, allergies, details of the terminal attack and precipitating factors.    

Results: 20 children (10 male; 8-17yrs; median: 11.5yrs) died of asthma between 2001-2006. 9/20 had mild to moderate asthma (BTS/
SIGN criteria), 10/20 had severe asthma and 1 child was not known to have asthma. 13/20 were clinically atopic. Only 3 had undergone
allergy assessment. 10/20 died between June and August. 12/20 children had adverse psychosocial and behavioural factors. 7/20 children
were on non-combination long-acting β2-agonist (LABA) treatment without inhaled corticosteroids (ICS).

Conclusions: Almost half the deaths occurred in children with mild/moderate asthma. We recommend that allergic factors and seasonal
allergy should be identified early, non-combination LABAs avoided, and speculate that overuse of short-acting  β2-agonists (SABAs) may
indicate non-adherence with ICS.  Asthma deaths in children can be avoided if risk factors are identified early. 
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Introduction 
In the UK, asthma mortality peaked in the mid 1960s and again
in the late 1970s and early 1980s.1 In response to these worrying
statistics, a Confidential Enquiry into asthma deaths in children
and adults was started in Eastern England in 1988.  Initially, only
deaths in the Norwich Health District were investigated, but in
1992 the Enquiry was extended to East Anglia (Norfolk, Suffolk
and Cambridgeshire).  In 2001 the Enquiry was further extended
to include the whole of the Eastern Region of the UK. 

Data from the Office of National Statistics (ONS) show that

rates of childhood mortality from asthma have been on the
decline since the epidemic of asthma deaths in the mid-1960s,
when they reached 10 per million among children aged under 5
years and 14 per million among 5-14 year-olds. Between 1990
and 2000, asthma-related deaths among children aged under 5
years and those aged 5-14 years remained uncommon at around
2 per million each year.2

Previous UK Eastern Region Confidential Enquiries into
asthma deaths in children and adults < 65 years old have
identified behavioural and psychosocial factors as well as
seasonal allergic factors as contributing to the patient’s death. In
two-thirds of asthma deaths medical management failed to
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comply with national guidelines.3-5 A number of previous studies
from different parts of the world have also reported on risk
factors contributing to asthma deaths.6-13

The aim of this observational study was to identify risk
factors contributing to asthma deaths in children during a 6-year
study period (2001-2006). The Eastern Region population is
approximately 5.5 million, 22% of whom (1,276,000) are
children below the age of 18 years.14 This is the first report on
asthma deaths in children in the Eastern Region of the UK.

Methods 
The methods used during the 2001-2003 period have been
reported previously,5 and the same methodology was used for
the remainder of this six-year study (2001-2006). In brief, the
Chair of the Confidential Enquiry requested patient details from
the ONS relating to deaths in patients < 18 years old in the
Eastern Region of the UK in the previous 12 months (each year
for the six years of the study) with asthma recorded in the first
part of the death certificate. The Eastern Region of the UK
consists of the counties of Norfolk, Suffolk, Cambridgeshire,
Bedfordshire, Essex and Hertfordshire, and the Unitary
Authorities of Peterborough, Luton and Southend-On-Sea. The
Enquiry excluded the area within the M25 London orbital
motorway.   

Each patient’s details were distributed to two members of
the Confidential Enquiry Working Group – a respiratory
physician/paediatrician in the District General Hospital (DGH)
nearest to where the patient lived, and a general practitioner
(GP). The respiratory physician/paediatrician obtained the local
hospital notes and in conjunction with the child’s paediatrician
completed a detailed proforma related to the patient’s asthma
and overall asthma care. The proforma included information on
asthma severity, medication, hospital admissions, GP and/or
hospital follow-up, compliance with medication, psychosocial
and behavioural factors, allergies, details of the terminal attack
and suspected precipitating factors. 

A GP from the Working Group obtained the general practice
records and made a detailed review of the patient’s notes. The
results of all available post-mortem examinations were also
reviewed. Patients were excluded from the enquiry at this stage
if the hospital and/or general practice records or the post-
mortem report revealed that the main cause of death was not
asthma. The GP member then contacted the deceased’s GP
before completing a proforma detailing all aspects of asthma
management, including the number of prescriptions issued for
each asthma medication, how often appointments were missed,
whether the patient attended for asthma review regularly,
whether or not a management plan had been issued, and how
often peak flow measurements had been recorded. 

Asthma severity was classified by the working group
members using the British Thoracic Society (BTS)/Scottish
Intercollegiate Guideline Network (SIGN) stepwise guidelines for
asthma treatment: mild (BTS steps 1-2), moderate (BTS step 3)

and severe (BTS steps 4-5).15 Admissions to hospital or visits to
the Accident and Emergency department for the previous 12
months were also taken into account when assessing severity
(i.e. severe asthma = BTS steps 4-5 or at least two hospital
admissions in the previous year). Allergy testing for asthma is not
routinely carried out in the UK and only a limited number of
patients had results of skin testing recorded in either the primary
care or secondary care notes. Therefore only limited data were
available on atopy, known allergies and possible anaphylactic
precipitating factors.  

Socioeconomic data were derived for each patient based on
their home address/permanent place of residence. A Multiple
Deprivation Score Index (MDS index) was calculated from seven
weighted domain scores using the following: Income (22.5%),
Employment (22.5%), Health Deprivation and Disability
(13.5%), Education, Skills and Training (13.5%), Barriers to
Housing and Services (9.3%), Crime (9.3%) and Living
Environment (9.3%). An MDS index close to 1 suggests a good
socioeconomic status.16

A Summary Form – incorporating all the relevant information
obtained from the records, post-mortem examination and
interview with the deceased’s GP – was then completed
following discussion with members of the Working Group.
National guidelines on asthma management15 were used to
define standards and to make judgements on the
appropriateness of medical care received by the patient.

Ethics approval was not required for this study.

Results
Between 2001-2006, 20 children (10 males) died from asthma in
Eastern England. Ages ranged between 8-17yrs (median age
11.5yrs). Patient characteristics are shown in Table 1.  
Asthma severity
Using BTS/SIGN guidelines to assess severity, 9/20 children had
mild to moderate asthma (BTS steps 1-3). Of these, three
children had previous hospital admissions (although none in the
previous 12 months). 10/20 children were graded with severe
asthma (BTS steps 4-5) and of these nine had admissions to
hospital in the previous year (one admitted to the intensive care
unit (ICU)). One child had no prior recorded history of asthma
before death, and died suddenly with asthma recorded as the
cause of death which was confirmed by post-mortem
examination. (see Figure 1). 
Health care factors
Five out of the 10 children with severe asthma were managed
solely in primary care and had never been seen in hospital by a
respiratory specialist. One of these children had been referred to
hospital two months prior to death but had not been seen by
the time of death. None of the five had a written asthma
management plan. In total, only 6/20 children had a record of a
written asthma management plan. Only 5/20 children had a
peak flow measurement recorded (either in primary or secondary
care) within a year of death. Spirometry was recorded in only
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7/20 children (6/7 suffered from severe asthma). In 6/20 GP
practices there was a respiratory nurse specialising in asthma
(each specialist nurse had attended a recognised training course
for asthma within the last two years).

For 8/20 children, follow-up for their asthma was considered
inadequate. Only 7/20 children were under regular review in an
asthma clinic (either hospital or primary care) during the year
preceding their death.

One child with severe asthma was seen 16 hours prior to
death by a GP and was misdiagnosed as croup: no treatment had

been given. The child was seen again 4 hours prior to death by a
different GP who diagnosed an asthma attack, gave nebulisers
and oral prednisolone but did not refer the child to hospital.

Four children had co-existing medical conditions (ADHD,
epilepsy, neurofibromatosis disease type 1, and autism with
learning difficulties).
Drug treatment and adherence
Of the patient cohort, 9/20 children were poorly compliant with
prescribed medication and 6/20 children had poorly controlled
asthma despite taking their recommended treatment (which was

Age Sex Severity/ ICS Non Oral Previous Atopy Adherence Social Asthma PF Anaphylaxis/SD
BTS step combination prednisolone admissions plan
guidelines LABAs

11 F Mild-2 Yes No No No NK Poor - No No SD

15 M Severe-4 Yes Yes No Yes Dog Good Domestic No No Suspected anaphylaxis  
allergy problems (dog walk prior to death)

10 M Severe-5 Yes Yes Yes Yes NK Poor - No No Gradual deterioration
over 24h

15 M Mild-1 No No No No NK Good - No No SD

8 F Severe-5 Yes Yes Yes Yes Eczema Good - No Yes Gradual deterioration
dog allergy over 24h

16 M Severe-4 Yes No Yes Yes Allergic Poor Family Yes No Suspected anaphylaxis
rhinitis aspirin discordance New pet (rat)

12 F Not known No No No No NK - - - - SD
asthma

11 M Severe-3 Yes No No Yes +ve SPT Good Family No Yes SD
to HDM discordance

10 M Severe-3 Yes No Yes Yes Eczema Good Unable to Yes Yes Suspected anaphylaxis
Nut allergy recognise (nut)

severity

9 F Mild/ No Yes No No Eczema Poor ? ? ? Suspected anaphylaxis
moderate-3 Animal allergy (guinea pig exposure)

16 F Moderate-3 No Yes No No NK Poor - ? ? SD

12 F Severe-2 Yes No No No NK ? - No No SD

8 M Severe-3 Yes Yes No Yes Dog allergy ? - ? ? Suspected anaphylaxis
Dog exposure

15 F Moderate-3 Yes Yes No No Eczema Poor Domestic ? ? SD
violence

15 F Moderate-3 Yes No Yes Yes Seasonal asthma Good - Yes ? SD
Hay fever Thunderstorm

17 M Moderate-3 Yes Yes No Yes Seasonal Poor Denial No ? Unwell for 3 days
asthma Thunderstorm

10 F Moderate-3 Yes No No No Seasonal asthma Good - Yes Yes SD
Hay fever Thunderstorm
Eczema

9 M Severe-4 Yes No Yes Yes Severe eczema Good - Yes ? SD
Milk + Peanut 
allergy

9 M Moderate-3 Yes No No Yes Eczema Poor Denial Yes Yes SD

10 F Severe-3 Yes No No Yes Eczema Poor Neglect No No SD

ICH= inhaled corticosteroids; PF= peak flow; LABAs= long acting β-agonists; NK= not known; SD= sudden death; SPT= skin prick test; HDM= house dust mite

?= information not available; +ve=positive

Table 1. Characteristics of the 20 paediatric patients who died from asthma, Eastern Region, 2001-2006.
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therefore considered to be inadequate). Seven children had been
prescribed non-combination LABAs and of these six were not
taking ICS – two children had not been prescribed ICS and four
children were not taking their prescribed ICS. 8/20 children were
on inadequate doses of ICS or were not commenced on oral
prednisolone in time (see Table 2).

Adherence to treatment was defined as the extent to which
patient behaviour matched the health professional’s
recommendation. Poor adherence was defined as taking less
than 50% of the recommended inhaled medication or omission
of all inhaled medication for one week or longer over the
previous six months.
Adverse behavioural/psychosocial factors
Overall, 12/20 children had psychosocial or behavioural factors
which may have contributed to their death. 6/12 children came

from dysfunctional families or families with serious domestic
problems. 2/12 children were in denial about their asthma, and
therefore did not recognise the severity of their disease and the
need for regular treatment. 5/12 children displayed poor
adherence with their medication and attending appointments.

Two of the children were smokers. No information on
parental smoking was available. 

Four out of the 20 children were taken to hospital in the
parent’s car and died on route while stuck in traffic. In two cases
an ambulance was refused by the parents who preferred to use
their own transport.

Analysis of the socioeconomic data of our patient cohort
revealed a distribution that was similar to the socioeconomic
profile of the Eastern region with less than a third of patients
belonging to the ‘deprived’ group.
Allergic and seasonal factors 
At least 13/20 children were likely to be atopic with a clinical
picture consistent with atopic disease, but only three had had a
formal allergy assessment in an allergy clinic to confirm this.
There was insufficient information on atopic status on six out of
the remaining seven children – the seventh child was not known
to have asthma and no data were available on atopy either.

In 4/20 children, animal exposure was a likely allergic trigger
before death (a dog in two cases, guinea pig in one, and a
newly-acquired rat in one). One child who was known to be
allergic to nuts had documented exposure to nuts shortly before
the fatal attack and another child had aspirin sensitivity but there
is no evidence that NSAID ingestion contributed to his death.
There were no data available regarding allergies to medication
on any other patients.

Ten of the 20 children died between June and August. Two
had mild asthma and both suffered sudden death, implying an
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Figure 1.  Asthma severity including number of children
with previous hospital admissions in each group (mild,
moderate, severe)

No record of peak flow monitoring over last year 15 (75%)
prior to death

No record of written asthma management plan 14 (70%)

Inadequate follow up 8 (40%)

Delayed or no referral to specialist 5 (25%)

Follow up in hospital asthma clinic at time of death 7 (35%)

Inadequate doses of inhaled corticosteroids or 8 (40%)
delayed doses of oral prednisolone

Number of patients on non-combination LABAs 2 (10%)
without prescribed ICS 

Number of patients prescribed non-combination 4 (20%)
LABAs and ICS but non-compliant with ICS

Table 2. Health-related risk factors – doctor, practice or
hospital – for paediatric asthma deaths, number of
patients (%)
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Figure 2.  Number of asthma deaths in different months;
there is a clear peak in the months of June/July/August
which most likely represents seasonal asthma
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acute allergic trigger (see Figure 2). Three deaths during this
period occurred during a thunderstorm. In a further five children
there was evidence of allergen exposure shortly prior to death –
in four cases exposure to an animal or pet, and in one case
exposure to nuts. None of these children had a post-mortem
serum measurement for tryptase.

Discussion
Main findings and interpretation in relation to
previously published work  
Severity of asthma is an important risk factor for paediatric
asthma deaths: half of the 20 children who died in the Eastern
Region of the UK between 2001-2006 were considered to have
severe asthma. Five of these 10 were on BTS/SIGN treatment
steps 4 or 5 and the rest were under-treated but had had at least
two hospital admissions within the previous 12 months. A
number of risk factors were identified in this severe group
including use of non-combination LABA inhalers, inadequate
health care, under-treatment with ICS, delayed referral to a
specialist, and under-estimation of disease severity by close
family members and in some cases medical staff. Psychosocial
factors are common in this group, but poor compliance was less
common than in those considered to have mild/moderate
asthma. Furthermore, 7/10 children with severe asthma were
atopic but only two of them had undergone formal allergy
assessment. 

It is of interest that almost half the deaths occurred in children
with mild to moderate asthma. Our results are in accord with the
Victoria study in which the majority of deaths could not be
classified as “high risk”, with 33% judged to have a history of
trivial or mild asthma and 32% no previous hospital admissions
for asthma.17 In our study, nine children had been prescribed
treatment from BTS/SIGN steps 1-3 and were therefore considered
to have mild to moderate asthma. This group displayed a different
cluster of risk factors. Six were clinically atopic but the atopic
status of the other three could not be determined. Other risk
factors included seasonal asthma (3/9), poor compliance with
medication (6/9), and use of non-combination LABA inhalers (4/9).
Seasonal asthma often remains unrecognised in patients
considered to have ‘mild’ asthma, who can suddenly become
unwell when they receive a large allergen load during the pollen
or fungal spore seasons.  Other allergic triggers such as pets and
foods – especially nuts – can cause severe or even fatal asthma in
patients with poorly controlled disease or bronchial hyper-
reactivity due to seasonal allergen exposure.11

Peak flow measurements were poorly recorded in the
primary care notes in our patient group. It is important that
objective measures of lung function are recorded routinely in
children with asthma at each follow-up appointment. These
measures provide a basis for comparison during times of illness
and are essential for evaluating the severity of disease. 

Spirometry was recorded in only a minority of cases, and an
assessment of asthma severity based on symptoms and

treatment was often inaccurate. Baseline spirometry is known to
give an accurate “snapshot” of asthma severity, and the FEV1

derived from spirometry is linearly related to the severity of
airways obstruction.18 Ramsey et al. also suggest that FEV1/FVC
is a useful indicator of asthma severity in children.19 Spirometry is
reproducible, with most children able to perform acceptable
spirometry with 50% success by the age of 6 and with 85%
success at age 10. Methods and results are standardised and
spirometers widely available.19,20

Overall, only 6/20 children had any record of a written
asthma management plan and this may have contributed to
poor compliance or confusion with treatment leading up to
death. A recent review has shown that there is strong paediatric
evidence that the addition of a written action plan significantly
improves outcomes.21,22 During acute exacerbations a written
record of the best treatment options is likely to be particularly
useful – and therefore all children should have a detailed
management plan which is updated on a regular basis. 

Seven of the asthma deaths occurred in children prescribed
non-combination LABA inhalers, and none of these had a
written asthma management plan.  In at least half of these cases
there was evidence of a lack of compliance with ICS treatment.
In asthma, the overuse of β2-agonists combined with under-use
of anti-inflammatory medications is associated with increased
mortality.23 Recent studies have suggested that LABAs may
increase severe and life-threatening asthma exacerbations as
well as asthma-related deaths, especially when used without
regular ICS.24,25 Therefore, non-combination LABA inhalers
should not be used in asthma. In addition it is essential for
primary care to have a system that flags up patients who use
excessive amounts of SABAs.

A significant proportion of the children had psychosocial or
behavioural factors which may have affected compliance with
medication and attendance at appointments. This finding is in
line with other studies investigating risk factors for fatal asthma:
domestic problems, family discordance, neglect, smoking,
denial, non compliance with medication, failure to attend
appointments and delay in seeking medical help, have all been
shown to contribute to adverse outcomes.6-13 These factors must
be taken into account when children are seen and assessed for
asthma, and a special effort should be made to improve
compliance. 

Two of our subjects were known smokers. There is strong
evidence that cigarette smoking in asthma is associated with
poor symptom control, and smokers have more severe
symptoms and are more likely to be admitted to hospital
compared with non-smokers with asthma.26,27 Active smokers
also present impaired short-term therapeutic responses to
corticosteroids: the underlying mechanism remains unresolved
but could result from alterations in airway inflammatory cell
phenotypes, changes in the glucocorticoid receptor alpha to
beta ratio, and increased activation of pro-inflammatory
transcription factors or reduced histone deacetylase activity.28,29
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In four out of the 20 deaths, children were taken to hospital
in the parent’s car and died on route whilst stuck in traffic. It is
possible that these deaths could have been averted by the rapid
arrival of a paramedic in an ambulance where oxygen-driven
nebulisers and adrenaline are readily available. Previous studies
have suggested that delay in receiving medical help affects
outcome.8,12

In the UK, children with asthma do not undergo routine
allergy testing and atopy remains unidentified. Therefore,
amongst these 20 children there was a lack of recorded
information on allergic status. However, we found that asthma
deaths peaked between the months of June and August.
Researchers in Denmark who reviewed 108 asthma deaths in
children aged 1-19 years old in the years 1973-1994 also noticed
a similar peak in mortality in the summer months in patients who
were more likely to be atopic, had fewer asthma symptoms, and
who were not under regular review for their asthma.9 Of the 10
seasonal deaths, at least half the children were clinically atopic
but no information on atopy was available for the rest. Only two
of the 10 had a record of an asthma management plan. None of
them was under hospital review for their asthma, although 6/10
were under GP follow-up once a year but not necessarily prior to
the onset of the pollen season. Five of the 10 seasonal deaths
occurred in patients on LABAs with four of them not compliant
with regular medication.  Children with seasonal asthma are at
high risk as they are usually asymptomatic out of season, remain
unprotected by ICS treatment, and increase their use of SABAs
or LABAs when they suddenly receive a large allergen load. 

In four children there was documented animal exposure prior
to death. One child was playing with a guinea pig belonging to a
friend and another child was exposed to a newly acquired pet rat.
Two other children were in contact with dogs at the time of death.
In all the above cases exposure to the pet may have been the
allergic trigger. None of these children was ever assessed formally
for pet allergy and no skin testing results were available for any of
them. In one case there was documented exposure to nuts prior
to death (the patient was known to be nut allergic). Acute severe
asthma due to anaphylaxis as a cause of sudden death may be
underestimated. A group of researchers in Sweden who evaluated
37 children and young adults who died of asthma noted that a
significant proportion of deaths were probably caused by food
allergy and that for 8/37 of the subjects death was associated with
exposure to pet dander.11 In a recent US study, children admitted
to a paediatric ICU for asthma exacerbation were significantly
more likely to report food allergy compared with children
admitted to a regular paediatric ward or seen in ambulatory care.
The researchers concluded that self-reported food allergy is an
independent risk factor for potentially fatal childhood asthma.30

Therefore, not only is poorly controlled asthma a risk factor for
deaths due to food allergy, but food allergy in an asthmatic child
is a marker for a potentially fatal outcome.

In three cases, asthma deaths occurred during a
thunderstorm. All three children suffered from seasonal asthma

and two of them also suffered from hay fever. Thunderstorm-
related asthma is increasingly recognised in sensitised, atopic
individuals before a sudden, large allergen exposure particularly
consisting of fungal spores such as Alternaria alternata.
Thunderstorm-related asthma usually occurs at a time and
location during an allergen season in which large numbers of
patients with asthma are outdoors.31

Strengths and limitations of this study 
This is a retrospective, uncontrolled, observational study and
therefore has inherent limitations. The amount of information
available for each patient is limited by the quality of record-
keeping in both primary and secondary care. Patient records in
GP practices and hospitals are either electronic or handwritten,
and the clinical details are variable. Self-reported data from GPs
(when missing from the patient’s chart) may have introduced
some bias and could not be substantiated because relatives were
not interviewed. The determination of social dysfunction was
not standardised, allowing for the possibility of incorrect
classification. The use of ICS prescribing data from GP records
may have resulted in under-reporting of non-adherence. 

However, in most cases, a combination of primary and
secondary care records, as well as post-mortem results, provided
sufficient insight to enable conclusions to be drawn – with a
remarkable degree of consistency – into the circumstances
surrounding these asthma deaths. There can be an element of
subjectivity when clinical data are interpreted, but this was
minimised by detailed discussion and the need for consensus
amongst the large number of professionals on the Working
Group; this is a strength of this study. 
Implications for future research, policy and practice
Children with severe asthma are at high risk of asthma
exacerbations and should have shared care in both primary and
specialist secondary care. There is also a need for prompt referral
to hospital for children who have frequent asthma exacerbations
and specialist follow-up for children after hospital admission.
Recognising the symptoms and seeking prompt medical help
during an exacerbation can affect outcome. 

As part of their regular management and follow-up, all
children with asthma should have received training in the use of
a peak flow meter (once they are of an age where their peak flow
technique is reliable and reproducible) and use of their inhalers,
and should have received an individual asthma management
plan. Both the child and the family should be educated on how
to recognise acute exacerbations and respond appropriately.

Our results suggest that determination of atopic status and
specific allergic sensitisation is an essential part of the
management of all children with a diagnosis of asthma. We
recommend that children with asthma undergo formal allergy
assessment to identify allergic triggers and be provided with a
written management plan. Their annual review should take
place before each season and in many cases seasonal increases
in prophylactic therapy will be required.

A serum sample for tryptase should be taken in all sudden,
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unexplained, anaphylactic or asthmatic deaths. None of our
subjects with documented allergen exposure prior to death had
a post-mortem serum measurement for tryptase. Tryptase is a
useful marker of mast cell degranulation and can be taken up to
72 hours after death.32-34 

Conclusions
In this case series of paediatric asthma deaths, a number of
important risk factors have been identified. Psychosocial and
behavioural factors can lead to poor-compliance with
medication. The use of non-combination LABA inhalers
contributes to confusion with treatment and underuse of ICS
particularly without a written management plan. Seasonal and
allergic triggers remain unrecognised particularly in patients with
less severe asthma as there is no routine allergy testing for
asthma patients in the UK. The risks associated with disease
severity and non-adherence with ICS are well recognised;
however, these could be anticipated with the routine use of
spirometry and a system for identifying those patients who use
excessive SABAs or who fail to attend appointments. Many of
the above risk factors are likely to be preventable if asthma is
phenotyped, triggers identified early, and patients educated to
self-manage their condition.  

Handling editor Maureen George
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