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An Epidemiological Approach to Reducing
the Risk of Fatal Anaphylaxis

Richard S.H. Pumphrey

Abstract Estimates of the population prevalence of anaphylaxis range from 0.03% to 0.95%
with immediately-life-threatening reactions affecting <0.1% of the population; wide differences
in published statistics are due to differing inclusion criteria and imprecise use of terms such as
incidence and prevalence. Expected symptoms in anaphylaxis vary according to the trigger and
population studied. The severity of reactions is determined by interaction between genetic and
environmental factors and cannot yet be predicted accurately. Whether a reaction is fatal or not
depends as much on comorbidity such as asthma or heart disease as it does on severity of allergy or
dose and route of exposure to the trigger.

The UK fatal anaphylaxis register is the longest-running and most comprehensive attempt at
epidemiology of fatal anaphylaxis; it has recorded around 1 anaphylactic death per 3 million
population each year since 1992, about half of these were iatrogenic (predominantly older people)
and the rest divided between sting reactions and (mostly in younger people) food allergy. Most deaths
were first reactions: fatal recurrent reactions occurred through avoidance failure combined with failure
of rescue treatment — lessons from these failures can teach how to reduce future fatalities.
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2.1 Introduction

Epidemiology is the “who, what, why, where, and when?” of a disease; it is essential for the development
of logical management strategies. In the case of anaphylaxis it asks “Who is affected? What triggers
their reactions? Why, where, and when do they become exposed to the trigger for their reactions?”
Although it is generally an observational rather than interventional science, it can nevertheless study
outcomes of different management strategies, for instance by asking “How many of those dying had
been prescribed self-injectible epinephrine and why had this failed to save them?”

But epidemiology depends on clear and simple definition of the population to be studied and here
anaphylaxis presents a problem: allergic reactions have a continuous spectrum of severity (Fig. 2.1)
[1-3] and manifold combinations of symptoms contributing to this severity. Non-life-threatening
reactions may have dramatic presentation with many severe symptoms and fatal reactions may show
little before cardiac or respiratory arrest.
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Fig. 2.1 Distribution of severity of 720 reactions in 320 Manchester clinic patients using a weighted symptom score
described in reference [1]. Applying different case definitions from published studies such as reference [2] or refer-
ence [3], there could be as much as a thirty-fold difference in numbers of the population included in the study

A variety of definitions have been proposed for anaphylaxis, all including descriptions such
as “allergic reaction,” “severe, generalized,” “life-threatening.” None of these is perfect because not all
anaphylaxis is allergic [4], most authors include cases that did not endanger life, and acute allergic
reactions can kill without being generalized.

Whatever the definition, there is general agreement that anaphylactic reactions are best treated by
epinephrine [5, 6], and that the first dose should be given early during the course of the reaction.
Because the evolution of such reactions is unpredictable, consensus groups have moved away from a
bald definition towards detailed descriptions of symptom complexes that are characteristic of allergic
reactions that might progress to anaphylaxis. A leading example is shown in Table 2.1. The authors [7]
estimate it will identify 95% of all cases that will progress to anaphylaxis (i.e., its sensitivity is 0.95)
but give no estimate of the definition’s specificity (the fraction of allergic reactions that will not progress
to anaphylaxis that are excluded by the Table 2.1 description). Clinical experience and data such as
Figure 2.1 suggest that the specificity will be low because so few patients fulfilling the criteria in
Table 2.1 would progress to respiratory or cardiac arrest if given no treatment. A low specificity may
be unimportant if the objective is to make sure that every case that might need epinephrine is given it
early in the reaction, but epidemiology needs a specific definition as much as it needs a sensitive one.

Further discussion of sensitivity and specificity of definitions for anaphylaxis can be found in the
publications of the Brighton Collaboration, whose focus is specifically on recording adverse reactions
to vaccines [8]. Accepting the inverse relationship between specificity and sensitivity, they resorted
to using three levels of certainty: level 1 with highest specificity but lowest sensitivity, and level 3
with highest sensitivity but lowest specificity. Numerical estimates for sensitivity (approximately
0.6-0.7) and specificity (approximately 0.7-0.8) of these definitions have recently been published
[9]. Because there is no gold standard for the definition of anaphylaxis, these estimates are based on
physician diagnosis and therefore reflect the physician’s opinion about what anaphylaxis is. Such
opinion is typically colored by confusion between a definition of anaphylaxis and descriptions of
symptom complexes that might progress to anaphylaxis, resulting in inclusions of non-anaphylactic
reactions with symptoms of the type that occur in reactions that might progress to anaphylaxis.
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Table 2.1 Anaphylaxis is likely when any one of these three criteria is fulfilled. Note that this is not a definition of
anaphylaxis but, rather, is a description of symptom complexes that might progress to anaphylaxis

1. Acute onset of an illness (minutes to several hours) with involvement of the skin, mucosal tissue, or both (e.g.,
generalized hives, pruritus or flushing, swollen lips/tongue/uvula) and at least one of the following:
(a) Respiratory compromise (e.g., dyspnea, wheeze—bronchospasm, stridor, reduced PEF [peak expiratory
flow], hypoxemia)
(b) Reduced BP (blood pressure) or associated symptoms of end-organ dysfunction (e.g., hypotonia [collapse],
syncope, incontinence)
2. Two or more of the following that occur rapidly after exposure to a likely allergen for that patient (minutes to
several hours):
(a) Involvement of the skin-mucosal tissue (e.g., generalized hives, itch—flush, swollen lips/tongue/uvula)
(b) Respiratory compromise (e.g., dyspnea, wheeze—bronchospasm, stridor, reduced PEF, hypoxemia)
(c) Reduced BP or associated symptoms (e.g., hypotonia [collapse], syncope, incontinence)
(d) Persistent gastrointestinal symptoms (e.g., crampy abdominal pain, vomiting)
3. Reduced BP after exposure to known allergen for that patient (minutes to several hours):
(a) Infants and children: low systolic BP (age specific) or greater than 30% decrease in systolic BP [Low
systolic blood pressure for children is defined as less than 70 mm Hg from 1 month to 1 year, less than
(70 mm Hg + [2 x age]) from 1 to 10 years, and less than 90 mm Hg from 11 to 17 years]
(b) Adults: systolic BP of less than 90 mm Hg or greater than 30% decrease from that person’s baseline

2.2 Prevalence and Incidence of Anaphylaxis

The imprecise use of the terms incidence and prevalence by some reports on the epidemiology of
anaphylaxis may cause confusion. The incidence of a condition is the rate of appearance of new
cases. Incidence is a fractional rate with units t™'; it is usually quoted as cases per 100,000 (or simi-
lar fraction) per year (or similar interval). Studies of incidence of anaphylaxis have generally
reported the incidence of reactions, not of new cases: those studies that have asked the appropriate
question have recorded that most of those presenting with an acute reaction have a history of previ-
ous reactions and are therefore not new cases.

In a defined population, at a given time, the prevalence of a condition is the probability that an
individual chosen at random will have the condition. Prevalence is a dimensionless number in the
range O—1. It is usually quoted as a percentage or cases per 100,000. Anaphylactic reactions occur
when someone with the underlying hypersensitivity state is exposed to the appropriate trigger in a way
that will cause an anaphylactic reaction. Epidemiology of anaphylaxis measures the prevalence of
reactions, not the underlying hypersensitivity state. Thus the observed prevalence is the product of the
prevalence of the hypersensitivity state and the probability of exposure to a sufficient dose of provoking
agent by an appropriate route to cause an anaphylactic reaction. The prevalence of anaphylactic
hypersensitivity in the general population might be as high as 15% if one worked at finding the optimal
dose and route for the allergen — e.g., an intravenous injection of grass pollen extract in people with
hay fever, or restinging everyone who had a wasp sting 3—8 weeks after their sting. Fortunately, the
probability of exposure is low and kept low by self-preservation. After a mild allergic reaction to nuts,
most people carefully avoid nuts. One study [10] found within a median interval of 5.4 years following
the initial peanut reaction, 55% had 1-5 (average 2) accidental re-exposures.

2.3 Epidemiological Studies of Nonfatal Anaphylaxis

The Brighton Collaboration definition of anaphylaxis (or more exactly, description of symptom
complexes that might occur in anaphylaxis) may be the best achievable for epidemiological record-
ing but is too elaborate for most retrospective studies. An approximation to the prevalence and
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incidence of anaphylaxis is known from a variety of approaches that settle for lower sensitivity
and specificity such as analysis of prescribing of self-injectible epinephrine [11, 12], coding of
hospital admissions [13] or discharges [14], or cases developing in those already admitted to
hospital [15], general practitioner records[16], referrals to emergency medicine departments [17,
18] or allergy clinics [1, 19, 20], or self-reported anaphylaxis from a sample population by
questionnaire [21].

When the case definition is based on self-injectible epinephrine prescriptions, there is an
assumption that anaphylaxis has been adequately diagnosed by the prescribing doctor. An unpublished
audit of referrals to anaphylaxis clinics in Manchester, UK, suggested the diagnosis was correct for
around half the patients. Because it is impossible to predict which reactions will become dangerous,
epinephrine must be given for any reaction with the characteristics in Table 2.1 if it is to have a
chance of preventing 95% of evolving allergic reactions becoming life-threatening. Depending on
our degree of caution, from 0.1% to 100% of those with a history of acute allergic reaction might
benefit by carrying epinephrine in the sense that it would attenuate the severity of a recurrence of
their reaction. These considerations indicate that estimates of anaphylaxis prevalence based on
self-injectible epinephrine prescriptions may have a tenuous link to the actual prevalence.

When the case definition is based on the diagnostic code, the assumption is both that the
diagnosis (usually by a nonspecialist) was correct, and that the condition has been correctly
coded. While common conditions are accurately coded, rare conditions such as anaphylaxis are
frequently coded incorrectly. It should also be pointed out that most cases of anaphylaxis treated
in the emergency department do not get admitted to hospital; unpublished audit of admissions
in Central Manchester, UK, suggest that a majority of cases admitted and coded as anaphylaxis
were not. Examples include idiopathic angioedema that was dramatic but not life-threatening,
gross angioedema of the tongue unresponsive to epinephrine, angiotensin converting enzyme
inhibitor (ACEI)-induced angioedema and one patient with acquired C1 esterase inhibitor who
was admitted seven times with upper airways angioedema unresponsive to epinephrine before the
correct diagnosis was made.

These limitations mean that the statistics presented in the tables here can only give the
broadest-brush picture of anaphylaxis around the world. In summary:

1. The continuous spectrum of severity of allergic reactions leads to wide variations in estimates of
the prevalence of anaphylaxis (Fig. 2.1). A recent expert review [22] reckoned that the best esti-
mates of population prevalence ranged from 0.03% to 0.95% with one estimate of 1.2-16.8% [2].
This implies that immediately life-threatening reactions (those causing a dangerous degree of
shock or severe respiratory difficulty) affect <0.1% of the population, consistent with data in
the UK fatal anaphylaxis register indicating 0.005-0.01% of UK deaths were due to anaphylaxis
during 1992-2005.

2. Expected symptoms in anaphylaxis vary according to the trigger and population studied (Table 2.2)
[1-5].

3. Common triggers for severe reactions comprise iatrogenic, stings, food, and latex; for some
reactions no trigger was found — maybe because the patient was underinvestigated or maybe
because it was an idiopathic reaction. The relative frequency of each class of trigger and of indi-
vidual triggers within each class depends on the population studied (Table 2.3). Infants and
young children are most likely to have severe reactions to milk and eggs; older children and
adolescents to nuts or seafood; and adults to iatrogenic triggers, stings, and foods such as nuts
and seafood. When only reactions that caused respiratory or cardiac arrest are considered,
iatrogenic causes outweigh stings and foods in most studies that include all three classes in an
unbiased way. For food allergy in particular, mild to moderate reactions are so much more
common than immediately life-threatening reactions that wide differences in estimates of the
dominant causes of anaphylaxis have been reported, depending on the cut-off taken between
acute allergic reaction and anaphylaxis.
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T Table 2.2 The probability of various symptoms/signs in anaphylaxis. Frequencies in different publications reflect T
different concepts of “anaphylaxis” and different catchment populations. Each study omitted frequencies for some
symptoms; none mentioned common symptoms such as a sense of impending doom or important Symptoms seen
occasionally in severe reactions such as fitting or pink froth from the mouth due to pulmonary edema. Each indi-
vidual symptom/sign has moderate to low sensitivity and most have low specificity, even in the case of a rapidly
evolving illness

Med Rec Adult ED Ped ED Perioperative Drug induced

[23] [24] [25] [26] [27]
Pruritus 0.55 0.56 0.40 - 0.34
Difficulty breathing 0.43 0.43 0.54 -
Faintness 0.15 0.15 0.04 -
Sneezing/rhinitis 0.17 0.06 [<0.11] - [<0.1]
Chest pain 0.03 -
Abdominal pain 0.08 - 0.06
Nausea/vomiting 0.09 0.19 0.21 - 0.19
Urgent bowel action 0.01 - 0.05
Erythema 0.36 0.07 0.25-0.35 [<0.72/<0.93] 0.64
Urticaria 0.55 0.49 0.54 [<0.72/<0.93] 0.29
Angioedema (unspecified) 0.56 0.40 0.32 0.12/0.08 0.55
Angioedema tongue 0.15 [<0.1]
Upper airway Angioedema 0.07 0.11 0.18 0.07
Bronchospasm/wheeze 0.26 0.18/0.35 0.19 0.40/0.19 0.51
Stridor 0.01 0.01
Conjunctivitis 0.23 [<0.06] [<0.11] 0.10
Tachycardia 0.27 0.24
Bradycardia 0.02 0.01/0.01 0.09
Collapse 0.03 0.02 0 0.51/0.11 0.35
Shock/hypotension 0.05 0.09 0 0.17/0.18 0.55

4. Geographical differences in anaphylaxis are complex and depend on many factors, ranging from
prescribing habits [28], stinging insect populations [29], pollen exposure [30], food ingredient
prevalence [31], to ethnic [32] and racial genetic characteristics.

5. As well as seasonal variation [33], studies of time trends indicate that anaphylaxis is getting more
common [12, 34].

2.4 Factors Determining the Severity of Acute Allergic Reactions

What factors underlie the range of severity of acute allergic reactions seen in Figure 2.1? Broadly
we might expect the severity of a reaction to be a product of the degree of allergy and the dose of
allergen. Those who regularly perform challenge tests will be familiar with the unpredictable way
in which reactions become more severe with increasing challenge dose once the threshold for react-
ing has been passed. The threshold dose for a reaction may change from day to day and can be
affected by the process of challenge: thus cautiously increasing repeated doses during a challenge
may be similar in effect to ultra-rush immunotherapy induction and raise the threshold for a reac-
tion. Conversely, a negative sting challenge may be followed by a reaction to a subsequent sting
[35], maybe through naturally occurring fluctuations in the reaction threshold or because the chal-
lenge sting sensitized the patient.

Allergy tests do not tell us how severe a reaction will be. Although there is good correlation
between negative specific IgE and/or skin prick tests and lack of clinical sensitivity, neither specific
IgE level nor skin prick test weal diameter relate closely to the severity of reactions and even the
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Table 2.3 Relative frequency of major groups of supposed trigger for anaphylaxis

Drug Common Stings Food Common Other Idiopathic
Source Cases (%) drugs (%) (%)  foods (%)  Other= (%)
ED Hong 282 40 NSAID, 7 50 Seafood 1
Kong[ 18] antibiotics,
Chinese
medicines
*clinic 226 18 NSAID > 59 10 Celeriac 3 Latex 5
Switzerland antibiotics > > all
[20] others others
Adult ED 142 28 Antibiotics > 17 17 Seafood 17
Australia NSAID > > nuts
[24] others
Ped ED 57 5 Antibiotics 5 32 Egg, 1 Latex 32
Australia milk
[25] > nuts
Clinic 432 8 NSAID > 20 61 Nuts > 1 8
Australia[19] antibiotic > egg >
others others
TOR France[26] 4904 86 NMBA > 0 0 14 Latex 0
antibiotics >
others
Ped Hospital code 6457 28 + Immunization/ Excluded 32 ? 14 Unspecified
USA[14] 25 serum +
others
Hospital codes 391 35 Glafenine > 55 9 1
Holland[27] antibiotics >
others

“anaphylaxis defined as including shock.
‘compiled from a table of IgE-mediated perioperative reactions 1984-2002: the original table demonstrates strong
time trends in the relative frequency of the causative agents.

Double Blind Placebo Controlled Food Challenge (DBPCFC) response only correlated weakly [36].
So what are the other factors that determine severity?

Data from patients in Manchester, UK [37], suggested the severity of coexisting atopic diseases
predicted which patients were most likely to develop life-threatening allergic reactions to peanuts and
tree nuts. A previous history of atopic eczema correlated with shock during anaphylaxis, rhinitis with
upper airway angioedema, and asthma with a principally asthmatic mode of anaphylaxis. Additionally,
patients with the lowest serum angiotensin converting enzyme (ACE) concentrations were more
likely to develop life-threatening pharyngeal edema, suggesting that this type of reaction may be
partly mediated by bradykinin. There was also a relationship between allergen and mode of reaction;
for example, pharyngeal edema was more likely with tree nuts (particularly Brazil nuts) than with
peanuts. The low ACE levels found in some patients in this study of nut allergy contrasts with the
findings in sting anaphylaxis where plasma angiotensinogen levels were lower in those with a history
of sting reactions when compared with controls but ACE levels were similar in both groups [38].

Platelet activating factor (PAF) is another mediator with established importance in animal
models of anaphylaxis [39, 40]. In human reactions to peanuts, high PAF levels correlated with
severity as did low serum levels of PAF-acteylhydrolase (PAF-AH) [41]. In particular, PAF-AH
levels were low in serum samples from those dying from fatal peanut reactions; PAF-AH is a
major pathway for inactivation of PAF; thus, low levels are associated with enhanced PAF
activity. Fatal peanut anaphylaxis typically has a dominant asthmatic component leading to
primary respiratory arrest, but PAF-AH levels were not significantly different in life-threatening
and non-life-threatening asthma from other causes, indicating specificity for asthmatic anaphylaxis
rather than asthma from other causes.
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It seems likely that many other allotypic variations will be found that determine which organ
system is most affected by anaphylaxis and which mediators cause the most profound effects during
anaphylactic reactions, but whether a reaction is fatal or not may be determined as much by
comorbidity of coronary artery disease, bronchial hyperreactivity and vascular sensitivity, which in
turn have genetic predispositions and may be modulated by cytokines.

2.5 Epidemiology of Fatal Anaphylaxis

There are good reasons to study fatal anaphylaxis. Experimental animal anaphylaxis differs in
important respects from that in humans, and experimentation on humans could never be acceptable.
We must therefore make the best of whatever observations we can to find who may be affected, what
triggers their reactions, the circumstances leading to the reaction, and why whatever treatment was
applied had failed. In cases where the fatal reaction was not the first indication of a severe allergy,
we can also study why allergen avoidance failed.

While epidemiology of fatal anaphylaxis avoids the problem of deciding whether the
reaction was severe enough to be classified as anaphylaxis, it leaves two key uncertainties:
whether death was really due to anaphylaxis and whether the suggested trigger agent was really
what caused the reaction.

Estimating the likelihood death was due to anaphylaxis is not simple because underlying
pathology contributes so much to the lethality of the reaction. For example, when shock and
coronary artery spasm lead to myocardial infarction because the coronary arteries were already
partly occluded by atheroma, it may be difficult to prove whether sudden death following a dose of
antibiotics was due to anaphylaxis or non-anaphylactic myocardial infarction. Similarly, there may
be little difference between fatal asthma and fatal anaphylaxis, particularly with food allergy
reactions; it may even be meaningless to make such a distinction, particularly if we think of
anaphylaxis as an acute allergic reaction that would benefit by treatment with epinephrine.

Nor is it easy to determine what triggered a fatal reaction. With clinic patients, skin prick and
challenge tests can be used in an attempt to prove the cause; but in fatal cases, challenge tests and
skin prick tests are clearly impossible. Assessment of mast cell tryptase and IgE antibodies to the
supposed trigger is possible only when a suitable sample has been retained and even then, insight
into the limitations of these investigations is needed for accurate interpretation of the results [42].
Urgent retrieval of samples for these investigations before they are discarded is vital to ascertain
the cause of death.

2.6 Fatal Anaphylaxis Around the World

Eighty-nine deaths in Florida 1996-2005 were identified as due to anaphylaxis by diagnostic codes
on the death certificate; 41 had autopsies and the autopsy reports were available for 34. But beyond
this, the cause of death was not verified by scrutiny of the medical records or details of events
surrounding the death [43]. The reaction trigger was identified in 44 deaths: of these, 64% were
iatrogenic, 16% triggered by food allergy, and 20% by stings.

A detailed study of 26 deaths attributed to anaphylaxis in a register of all fatalities in Cook
County, Chicago 1989-2001 highlighted the role of comorbidity in fatal anaphylaxis [44]. Of these,
the authors considered 15 were consistent with anaphylaxis, 8 probably consistent and 2 possibly
consistent, recognizing the difficulty in validating the cause of death in a register of this type. Out
of 23 with autopsy findings available, 15 had coronary arterial disease and 5 had chronic obstructive
airways disease that may have contributed to the lethality of the reaction.
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An unpublished Canadian study [45] identified 63 anaphylactic deaths from the records of the
chief coroner for Ontario, 32 related to food allergy. Of these 32, 11 were under 18 (two of them 17
years old). Nine of the 11 were known to have been asthmatic, the remaining 2 may have been. The
population of Ontario is around 12.5 million, giving a death rate of one child in a 20 million
population each year — comparable to the UK rate.

The French anaphylaxis network (Réseau d’Allergo Vigilance) has a register of severe anaphy-
lactic reactions [46] but has not focused on fatal reactions, only four of which (three due to food
allergy) were recorded 2002-2003 from a population of 60M [47].

In New South Wales, Australia, 10 fatal reactions to food were recorded 1999-2008 (R Loblay
and J Ruhno, personal communications, 2009). Five were attributed to peanuts, three to Chinese
food, and two to milk. Eight of these were in children (four male, four female) and at least five of the
children had asthma. This gives a death rate of one each year for 6 million population, substantially
higher than the UK rate for fatal reactions to food in childhood. One of these cases was widely pub-
licized and details are interesting in that they highlight some of the problems of children with peanut
allergy [48]. During a “trivia challenge” at a school camp, this 13-year-old boy had to eat a spoonful
of peanut butter as fast as possible. Within seconds of contact, he spat out the food, vomited,
developed intense itch, rapid lip and tongue swelling, wheeze, and choking. The first epinephrine was
given 13 min after his collapse: resuscitation was unsuccessful. He had had a minor reaction to a
sweet containing peanut some months before this and a history of other food allergy, eczema, and
asthma. Contributory factors may have included peer pressure to participate in the challenge.

Seven fatal food reactions in Sweden (population 9M) were identified 1993—-1996 [49]. Of these
deaths two were caused by peanut, three by soy, one by tree nut, and one of unknown food
(T Foucard, personal communication, 2008). Subsequently, during 1997-2003 there were two deaths
caused by peanuts, one by tree nuts, none by soy and two by unknown food [50]. The authors specu-
lated that the change in incidence might be due to increased awareness of the risk of soy allergy.

2.7 The UK Fatal Anaphylaxis Register

Given the difficulty devising prospective trials of anaphylaxis management, it seemed that studying a
large number of fatal reactions might give insight into why prevention and treatment had failed. With
this in mind, a register of all fatal anaphylactic reactions in the UK since 1992 was established. The
register holds detailed information about the deceased, their medical history, the events leading up to
the reaction, the reaction itself, and, where the evidence is sufficient, estimates of the likelihood the
cause of death was anaphylaxis and the likelihood for one or more possible trigger factors. This has
provided a wealth of data and has taught important lessons for the management of anaphylaxis [51].
There seemed a strong chance that searches for the register might miss cases, particularly deaths
attributed to asthma rather than anaphylaxis in asthmatics with food allergy or aspirin sensitivity,
deaths due to antibiotics taken by patients at home and sting deaths in older people where the sudden
death was most likely to be blamed on myocardial infarction. Retrospective re-investigation of
asthma deaths proved futile. Cases in the register suggested that asthma deaths age 0-32 were the
ones most likely to have been attacks triggered by food allergy; this led to a year-long prospective
study of fatal asthma in this age group. The outcome suggested that most of the food allergy-related
acute asthmatic deaths had already been identified through the diligent surveillance of the UK
Anaphylaxis Campaign, and that it was unlikely that many cases had been missed. Nevertheless the
findings strongly suggest that young people who go into respiratory arrest within an hour of the start
of a sudden attack of asthma should be investigated for anaphylaxis. If they have a history of food
allergy, this should include examination of their gastric contents for food they were not seen to eat,
such as a recent UK case where the stomach contained sesame seeds, pumpkin seeds, linseed, and
poppy seeds in a boy with known sesame allergy who had not been seen to eat any such food. Sadly
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most cases like this are still diagnosed as due to asthma, the verdict is given as “death from natural
causes” and no further investigation is undertaken; retrospective surveys then have no hope of
deciding whether the asthma attack had an intrinsic or extrinsic trigger.

More recently the searches of the UK death register have been expanded to include all asphyxia
deaths due to upper airways angioedema; this retrieved a few further cases of probable anaphylactic
death that the original searches had missed and consolidated data on fatal ACE inhibitor-related
angioedema and hereditary angioedema. Some such deaths had already been retrieved because of
an improbable diagnosis of anaphylaxis. Amniotic fluid embolus deaths are also under study
because the differential diagnosis for some cases included antibiotic or anesthetic anaphylaxis.

There are 536 UK fatalities in the register and following detailed investigation of 345, 272 seem
more likely than not due to anaphylaxis while the remaining 73 have more likely other causes of
death including at least 2 directly due to epinephrine overdose, 11 with ACEI-related angioedema
and no evidence of an allergic trigger, and 4 following insertion of bone cement. Data to assess the
remaining 191 is still being collected; from information on the death certificate it is likely that over
100 will prove to have been due to anaphylaxis.

2.7.1 What Has Triggered Fatal Reactions?

Over the last 16 years in the UK, around 20 deaths each year were most probably due to anaphylaxis;
about half of these were iatrogenic and the rest divided between sting reactions and food allergy
deaths. A small number were triggered by less common agents, including latex, hair dye, and
hydatid cyst rupture (Fig. 2.2, Table 2.4). It seems likely that the rate of fatal anaphylaxis in the UK
has remained largely unchanged 1992-2005.

60 ~
50

40 +

unidentified unconfirmed
Dother confirmed
® jatrogenic unconfirmed
30 - Biatrogenic confirmed
sting unconfirmed
Osting confirmed

u food unconfirmed
Bfood confirmed
20 ® epinephrine overdose

10 A

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Fig. 2.2 Yearly totals for fatal anaphylaxis in the UK. Confirmed cases have been studied in detail; for some of the
unconfirmed cases, anaphylaxis may seem an unlikely cause of death once they have been studied in more detail and
so the final numbers will be lower. Extrapolating from the cases reviewed so far, most of the “unidentified, unconfirmed”
cases 2003-2005 will have been diagnosed as anaphylaxis on the basis of serum tryptase levels at autopsy and will be
found to have low probability of anaphylaxis. The England & Wales Death Register has not yet been searched for
2006-2009; thus, the entries for these years are mainly cases studied in detail immediately following death


http://www.pdfxviewer.com/
http://www.pdfxviewer.com/

R.S.H. Pum;

(/UCU _tr aC%,

Table 2.4 Dominant mode of death in fatal anaphylaxis. The data are taken from the UK Fatal Anaphylaxis
Register. The dominant mode of death depends on age and the reaction trigger. At higher resolution, the nature
of the food (milk, peanut, tree nut, fish, etc.) or the nature of the iatrogenic intervention (contrast medium,
antibiotic, muscle relaxant, NSAID, etc.) also have different modes and age distributions

110 Fatal food reactions

Age 0-9 10-19  20-29 30-39 40-49  50-59 60-69 70-79 >80
Asthma 8 24 8 4 3 2 1
Breathing difficulty 1 8 8 5 1 1
Upper airway 1 4 2 2 1 1
swelling
Shock and dib 1 4 7 1 1
Shock 1 2 1
Other 1 2 2 1 1
EpiOD DIC DIC EpiOD inhV
EpiOD inhV
48 Fatal sting reactions
Asthma 1 1 1
Breathing 1 2 2
difficulty
Upper 3 1 1 3 1
airway swelling
Shock and dib 1 1 1 2
Shock 1 2 4 6 6 3 1
Other 1 1 1
inhV  Epil MI
94 Fatal iatrogenic reactions
Asthma 2 2 2 3
Breathing 1 2 2 2
difficulty
Upper 1 1 1 2 2
airway swelling
Shock and dib 1 2 1 2 5 10 6 2
Shock 2 3 4 3 8 8 2
Other 2 1 1 3 4 1
DIC DIC 2xDIC 3xMI  EpiOD
EpiOD Bowel Bowel Infected
infarct infarct line

EpiOD = overdose of epinephrine. DIC = disseminated intravascular coagulation (but in every case there was
also cerebral infarction) MI = myocardial infarction. The cause of the infarcted bowel is unknown but specula-
tion included vasospasm from epinephrine or prolonged shock. Epil = epilepsy following shock/cerebral
anoxia. inhV = inhaled vomit during reaction thought to be the cause of respiratory arrest.

2.7.2 Who Died from Anaphylaxis?

There are clear differences in the profiles of those dying from anaphylaxis triggered by different
agents, with iatrogenic deaths mostly in older patients, while foods affected a higher proportion of
young people (Table 2.4). Most of those dying from food allergy were atopic but iatrogenic and
sting deaths did not show this tendency. Overall there were approximately equal numbers of male
and female; for food allergy there was a male predominance in childhood and female in early
adulthood, similar to patterns of epinephrine pen prescribing [11]. There was a male predominance
in sting reactions and fatal contrast medium reactions, contrasting with the female predominance
for nonfatal contrast medium reactions. All races were represented but there was a remarkable
excess of boys with milk allergy with one or both parents from Africa, the Middle-East, or Far-East:
it is not known whether this was for genetic or cultural reasons.
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2.7.3 When Did They Die?

Fatal reactions showed both circadian and annual variation; both seem most likely to depend simply
on the chance of exposure. For example, fatal sting reactions occurred May—November peaking in
August when wasp populations are highest, and food reactions were highest in December, probably
associated with festive eating.

2.7.4 How Did They Die?

Acute allergic reactions can kill by shock or respiratory arrest (Table 2.4). Those resuscitated
from the acute reaction died later (median 60 h post-reaction) from a variety of reasons, related
to cerebral infarction, adult respiratory distress syndrome, infections, infarction of the bowel, or
bleeding due to disseminated intravascular coagulation. Two additional patients died shortly after
anaphylaxis during surgery, but there seemed a more likely cause for their death than the after-
effects of the reaction.

Anaphylactic shock is not caused by the same process in every patient. It may be cardiogenic due
to the direct effect of the reaction and its mediators on the heart muscle (more typical of older
patients with diseased hearts) or peripheral due to vasodilatation and/or fluid leakage from intravas-
cular to extravascular compartments (more typical of younger patients with healthy hearts), or a
combination of both. Death outside hospital from peripheral shock has typically followed a change
to a more upright posture, highlighting the need to keep shocked patients lying flat [52]; there may
be further advantage in raising the legs to help maintain venous return to the heart [53].

Anaphylactic shock causes myocardial ischemia and sometimes infarction. Reduced pulse
pressure leads to reduced flow through the coronary arteries: this is made more dangerous if the
coronary arteries are narrowed by disease or undergo spasm as part of the reaction. Allergic
angina (Kounis syndrome [54]) due to vasospasm in allergic reactions is more likely in hearts
with existing arterial disease because of the increased numbers of mast cells. Caution in the use
of epinephrine has been urged in such cases (typically middle-aged men developing angina,
maybe with a rash and breathing difficulty, within 30 min of starting a drug such as a beta-lactam
antibiotic) [55]. Transient left ventricular dysfunction has been described in anaphylaxis, possibly
due to multi-vessel epicardial coronary spasm or coronary microvascular impairment or maybe a
direct effect on the myocardium of catecholamines released or injected during the reaction;
recently a case report emphasized the role of injected epinephrine in myocardial stunning leading
to transient left ventricular dysfunction [56].

Primary respiratory arrest in anaphylaxis has a variety of causes: these comprise upper airways
angioedema, bronchospasm (often with mucus plugging), inhaled vomit, and pulmonary edema.
Upper airway occlusion by angioedema may be part of a generalized reaction, such as following a
sting, or a local mucosal reaction from food such as Brazil nuts. Lower airway occlusion by
bronchospasm is most commonly due to an acute asthma attack in someone taking daily asthma
medication, with or without other indications of an allergic reaction such as urticaria or angioedema.
Upper and lower airway occlusion may occur together, such as in a case where tracheostomy was
performed because of pharyngeal edema in a Brazil nut reaction, only to find the lungs could not be
ventilated because of bronchospasm and mucus plugging. Inhalation of vomit can be fatal in the
absence of allergy but is also a possible outcome of an acute allergic gastric reaction in someone
with food allergy. Pulmonary edema with shock results from sudden left ventricular failure, and
while this may be due to massively severe anaphylaxis, in the UK register it has perhaps more com-
monly resulted from intravenous bolus injection of epinephrine.

Although anaphylaxis can kill fit and healthy people, most deaths in the UK register resulted from
existing pathology made fatal by a relatively mild allergic reaction. Thus an allergic reaction to milk
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may cause a fatal attack of asthma in a child with poorly controlled asthma, particularly if the asthma
is already exacerbated by a rhinovirus infection. Most fatal allergic reactions to food have been of
this type. Optimal daily control of asthma is crucial in reducing the risk of a fatal reaction in those
with food allergy [57]. Similarly, a sting reaction that would otherwise be mild may be fatal in some-
one with systemic mastocytosis. Raised background tryptase levels have been found in many of those
presenting with sting anaphylaxis and may be due to clonal mast cell proliferation [58]. Existing
coronary artery disease is frequently found at autopsy in those dying from iatrogenic anaphylaxis.

Drugs used to treat asthma, hypertension, arrhythmia, and various other conditions may also
enhance the effects of anaphylaxis or make its management more difficult. A recent history of high
daily dosage of beta-2 agonists was found in several of those dying from food-allergy-related
anaphylaxis/asthma who failed to respond to epinephrine: whether the failure of epinephrine to
rescue the patient was because the asthma was very severe or because the excessive beta-2 agonist
use reduced the effectiveness of epinephrine by tachyphylaxis is not known. When an anaphylaxis
patient with arrhythmia might benefit from treatment with a beta-adrenergic blocking drug, it will
be helpful for the cardiologist and allergist to discuss which condition poses the greater risk to the
patient and what the optimal management plan might be. Because ACE is the major pathway for
bradykinin inactivation, ACE inhibitors may augment the severity of anaphylaxis, in some patients
by increasing the likelihood of angioedema, in others by blocking formation of angiotensin II which
is one of the homeostatic pathways opposing shock in anaphylaxis [59]. As well as ACE inhibitors,
NSAID, aspirin, and beta-blockers were associated with severe reactions to foods [60].

2.8 Fatal First Reactions: Why Was Rescue Treatment Unsuccessful?

For those whose previous history is adequately known, the fatal reaction was thought to be their first
for 19 out of 32 antibiotic, 17 out of 20 muscle relaxant, 7 out of 13 nonsteroidal anti-inflammatory
drug, 13 out of 13 other drug, 10 out of 10 contrast media-related, and 22 out of 38 insect sting
anaphylactic deaths [61]. Most patients had been exposed to the causative drug or been stung previ-
ously without reaction. For such patients, management is limited to what can be done at the time of
their first reaction and this will depend on where the reaction occurs (Table 2.5).

The commonest place for iatrogenic reactions is the operating room, and this will be fully
equipped to provide appropriate emergency care. The main problem here has been recognizing that
the sudden change in the patient’s condition was due to anaphylaxis in time to prevent progression.

Table 2.5 Circumstances of 278 fatal anaphylactic reactions

Food Tatrogenic Sting

Home 31 Home 30 Home 18 2in bed

School 7 School 1

Work 5  Work 1 Work 6 5 outdoors labor, 1 driving
truck

Out /about 6 Out /about 11 2 driving, 1 cycling,
4 walking, 4 sitting, 1 sport

Friend’s house 13 OR 60  Orchard/garden 15

Relative’s house 8 ER 2 By bee hives 2

Restaurant 23 Ward/department 22

Takeaway 6

Wedding 2 Dentist 2

Abroad 4 GP 1

Camping 2
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a minute. The first drug used in treatment has usually not been epinephrine but rather alpha adren-
ergic agonists such as metaraminol or norepinephrine for hypotension or salbutamol for increased
airways resistance. There are case reports that could be taken as supporting either approach [62, 63]
but in general the consensus is that epinephrine is the preferred drug for initial treatment of anaphy-
lactic reactions in the OR [64, 65].

2.9 Fatal Recurrent Reactions

2.9.1 Reducing the Likelihood of a Severe Recurrence

For the other patients who had a previous reaction, even if this was mild (as was the case for the majority
of anaphylactic deaths attributed to food allergy) there is an opportunity to protect the patient against
the worst effects of a recurrence. Allergen-specific immunotherapy and other more recently devised
methods of attenuating or eliminating the allergic response to allergen exposure are discussed else-
where in this book. Optimal daily management of asthma, hypertension, and arrhythmia has been
discussed above a way of avoiding factors that will increase the severity of a recurrent reaction.

2.9.2 Why Did Avoidance Fail?

For the minority of patients who had a previous reaction and knew what caused it, allergen avoid-
ance failed for a variety of reasons. Iatrogenic fatal recurrent anaphylaxis was largely due to beta-
lactam antibiotics and NSAID. Reasons for avoidance failure include:

1. Ignoring a patient’s claim of penicillin allergy. Most of the many patients who claim “penicillin
allergy” will not react if given penicillin because their allergy was a rash on the second to fourth
day of amino-penicillin treatment for a sore throat. If on the other hand their allergy was rapidly
developing symptoms following the first dose of a new course, the chance of anaphylaxis on
re-exposure is high. Patients commonly do not remember the reaction that led to their label of
“penicillin allergy” making it difficult to conclude whether penicillin treatment might be dan-
gerous; fatal reactions have resulted from the decision to treat in the face of such a claim of peni-
cillin allergy. There is evidence in some such cases that the penicillin allergy was side-chain
specific and previous treatment with a different beta-lactam antibiotic without a reaction made
the doctor discount the earlier history of a severe reaction. Doctors should take a history of peni-
cillin allergy seriously and, if they are uncertain whether it is significant, should err on the side
of caution.

2. Bypassing protocols intended to protect patients with drug allergy. Patients have been classified
as penicillin allergic and given a red armband warning of their allergy, which was not seen when
the antibiotic was injected in the other arm. Penicillin allergy warnings on treatment sheets or GP
records have frequently been overlooked or not transferred from old handwritten records to new
computer records. Patients have repeatedly detected and rejected inappropriate prescriptions for
a drug they thought they were allergic to only to be caught out subsequently when the same drug
was prescribed with a different name.

3. Of 16 patients dying from cephalosporin anaphylaxis, five had previously reacted to a penicillin;
three died following cefaclor given because of previous amoxicillin reactions on the grounds that
only one in ten patients with penicillin allergy react to cephalosporins.
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not recognizing that the new prescription was a potentially cross-reacting drug or the same drug
with a different name, or the doctor having been given the records of a patient with similar name
and age who was not NSAID allergic and so was not warned of the allergy.

The previous sting history is known for 38 fatal sting reactions on the register: 16 had a previous
acute reaction. None of these had had venom-specific immunotherapy. Despite advice that a 3-5 year
course of specific immunotherapy is optimal management of proven sting allergy, some patients
preferred to rely on sting avoidance and self-injectible epinephrine, especially where there was dif-
ficulty attending for specific immunotherapy. Five had self-injectible epinephrine that failed to save
them (see below for details). It is not known how many had adopted a diligent sting avoidance strategy.
While even obsessive avoidance cannot be totally successful, the risk of being stung can be substan-
tially reduced by a few simple rules. Advice for each region is available on the internet.

We recently reported 48 additional food-allergy deaths in the UK [66]. The food blamed for fatal
reactions was catered (18), domestically prepared (6), packaged/labeled (16), sold loose/unlabelled
(2), whole nuts (3), and unknown (3). Fourteen were thought not to have been avoiding the culprit
food; avoidance was graded as casual for 16, careful for 7, extremely careful for 6, and unknown
for 5. Even with the most diligent avoidance, lapses occurred during festive eating, foreign travel,
or when distracted by disruption to routine. Just as much as they need to recognize foods that will
cause them to react, patients should be made aware of these potentially dangerous circumstances
and be supported in assessing them and developing appropriate coping strategies with increased
vigilance in hazardous situations.

2.10 Self-injectible Epinephrine

Since 1905, epinephrine has been known as an effective treatment for an acute attack of asthma [67]
and since 1910 as an antidote to anaphylaxis [68]. It seems to have been in routine use to treat
anaphylaxis by the 1930s, as demonstrated by a graphic personal account by a beekeeper of his
anaphylactic reaction and the severe angina that affected him following the use of 10 minim (0.6 mL)
of epinephrine in treatment of his shock and breathing difficulty [69]. Early studies of fatal and
near-fatal food allergy emphasized the need for treatment with epinephrine early in the reaction
[70, 71] and recommended that those at risk should carry their own epinephrine treatment. For the
patient, achieving the correct dose and route was difficult [72] until the auto-injectors for self-
treatment with epinephrine that had been available since 1980 [73] were used more generally.

The current widespread availability of auto-injectors has not solved all the problems. There is
much we may learn from 31 food allergy and 5 sting-allergic fatalities who had been prescribed
epinephrine for self-treatment:

1. In 15/36 treatment failures, an auto-injector was used early in the reaction and apparently cor-
rectly. One patient was so confident her epinephrine would save her that she bit into a chocolate
knowing it might be risky. She saw the nut, rapidly developed difficulty breathing, and used her
pen immediately and apparently correctly. Her symptoms did not remit; she arrested and could
not be resuscitated. It must be recognized that although epinephrine is the most effective treat-
ment for anaphylaxis if used early in the reaction, not all patients will be saved. Such failure could
be speculatively attributed to a variety of causes:

(a) Obesity preventing intramuscular injection. Epinephrine injected into the subcutaneous tissue
causes intense vasospasm, and most of the epinephrine will remain there for hours without
being absorbed. This, after all, is the rationale for adding epinephrine to local anesthetics to
prolong their action. For optimal absorption, the injection must be intramuscular, and even
then not all muscles absorb well. The anterolateral aspect of the thigh near the midpoint of its

.tal repeat anaphylaxis to NSAID have followed avoidance failure for reasons such as the patier %
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length is easy to reach and, fortunately, a good site for absorption of epinephrine when tested
in active men aged 18-35 [74]. However, with the rising tide of obesity the depth of subcuta-
neous adiposity is frequently greater than the 16mm of needle in the EpiPen [75-77] and even
more often longer than the 10mm of the Anapen. If the vasculature of older humans behaves
like that of older rats [78], the absorption of epinephrine may be less effective than in young
men. It is worth recording that in none of the autopsies of these cases was the auto-injector
needle track dissected to establish which tissue the epinephrine was injected into: this infor-
mation would have been valuable.

(b) Overuse of salbutamol for daily asthma treatment. Most of those dying from food anaphylaxis
take daily treatment for asthma and it has been possible to establish for some of those whose
fatal asthma was triggered by food allergy and whose self-injectible epinephrine failed to
save them that the dose of short-acting beta-2 agonist was greatly in excess of the maximum
recommended. In such cases epinephrine may no longer be effective at reversing bronchos-
pasm [57].

(c) In atleast one case, bisoprolol had been prescribed by a cardiologist unaware that the patient
was at risk of anaphylaxis and might need epinephrine treatment. This patient had previously
used his auto-injector on three occasions following stings and had symptoms of limited sever-
ity; but the next sting, after he had started taking bisoprolol, was fatal despite early use of his
auto-injector. As patients with sting or food allergy get older there is an increasing risk they
will develop hypertension or arrhythmia and may be prescribed a beta-blocker or angiotensin
converting enzyme inhibitor (ACEI). Beta-blockers will attenuate the usefulness of epineph-
rine in anaphylaxis and ACEI may promote hypotension or angioedema in susceptible
patients. Patients at risk of anaphylaxis, in particular those carrying their own epinephrine,
should be instructed to make sure any doctor prescribing for them is fully aware of this.
Ideally patients should attend for regular review and retraining; any new medication should
be evaluated in the contest of their anaphylaxis rescue package. In practice however, it is my
experience that many older patients decline the offer of regular follow-up even if they have
used their auto-injector on a number of occasions.

(d) Extreme severity of reaction. The need for two or more doses of epinephrine may be an indi-
cator of severity. One patient used two pens and two patients used three pens but still died;
retrospective proof whether this was due to their obesity or due to the severity of the reaction
is impossible.

. The dose prescribed was too low for 2/32. One had been given an epinephrine inhaler and told

not to take more than 2 puffs at a time when it was thought this treatment might be effective if 20

or more inhalations were used. The other weighed 36kg but had a junior (0.15mg) pen. A second

pen had been available but was used incorrectly.

. The injection was given late in the reaction in 5/36. One was heard by her husband to shout “ana-

phylaxis;” he found her collapsed with her pen on the floor; he gave the dose but she showed no

improvement. Two had left pens elsewhere and had to retrieve them (of which one was time-
expired); one collapsed while waiting in pharmacy queue for pen to be dispensed; for one, the
reason was unknown.

. Six failed to use their injection correctly, indicating inadequate training.

(a) One jabbed the pen on her thigh but withdrew it immediately, spilling most of the
epinephrine.

(b) One pulled the pen apart, preventing it from activating properly.

(c) One man was found dead with the telephone in one hand and his epinephrine injection in the
other. He had a history of wasp allergy and there was a dead wasp trapped in his clothing. It
seems reasonable to suppose he was uncertain how to use his epinephrine and the progress of
the reaction was too swift to allow him to take the treatment.
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(d) In one fatal sting reaction, the first pen is said to have failed to activate, the second and third
fired while being removed from their canister, a fourth pen given by a paramedic failed to
revive the patient.

(e) One had been given a pen for nut allergy but was reacting to latex and did not use it [79].

(f) Itis not known why one other failed to use his pen.

5. Eight out of 36 did not have it with them at the crucial time.

(a) Three had left pen elsewhere, too far away to be retrieved in time for treatment

(b) Two had not replaced after use (one used the day before, the other several years previously)

(c) One found her epinephrine to be out of date and so went to hospital; she then died after inap-
propriate bolus iv injection of epinephrine 1 mg

(d) Two reason not known

The failure in these latter cases might be attributed to poor training; often the doctor prescribing the
pen is unfamiliar with the device [80, 81] and fails to train the patient adequately to ensure they have
the device with them when it might be needed, to use it at the correct time in a reaction with a
correct injection technique [82—-84].

Of 102 fatal reactions to foods, 71 had not been prescribed epinephrine for self-treatment. This is
not so surprising when the severity of their worst previous reaction is taken into account — three quar-
ters of those whose death was attributed to food anaphylaxis had never had a severe reaction previ-
ously. I have presented one such case to various audiences to see who might have recommended he
should carry an epinephrine pen. In UK audiences a small minority would have recommended a pen
but in Canada a large majority would have, reflecting national differences of opinion. Of the fatal cases
in the UK, at least 2/71 had requested an auto-injector but their doctor refused to prescribe one.

2.11 Conclusion

Detailed study of fatal reactions provides insight that is vital for reducing risk and improving man-
agement. Most fatal reactions occur unexpectedly in those with no previous history of reactions;
knowing the typical circumstances of fatal reactions allows better planning for training in the correct
use of epinephrine and basic life support for the particular mode of anaphylaxis the patient exhibits,
including posture appropriate for shock or respiratory distress. In those whose history suggests they
may be at significant risk of a life-threatening reaction, the key elements of risk reduction include
training in effective allergen avoidance, optimizing their daily management of conditions such as
asthma, hypertension, and heart disease to use drugs that will not increase the risk from anaphylaxis
or if that is not possible, to achieve a logical balance of risk between the treated condition and ana-
phylaxis, and lastly, provision of appropriate kit for self-treatment in the event of a reaction. The
ways in which self-injectible epinephrine failed teach important lessons, not only about the need for
continual review and retraining but also the provision of kit and instructions appropriate for the
individual patient, according to their body mass and their attitude to their allergy.
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