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Summary

Background: Anaphylaxis is the most serious manifestation of an immediate allergic
reaction and the most common emergency event in allergology. Adrenaline (epi-
nephrine) is the mainstay of acute pharmacotherapy for this complication. Although
epinephrine has been in use for more than a century, physicians and patients are
often unsure and inadequately informed about its proper administration and dosing
in everyday situations.

Methods: This review is based on pertinent publications from the period 1 January
2012 to 30 September 2017 that were retrieved, on the basis of the existing guide-
lines of 2007 and 2014, by a PubMed search employing the keywords “anaphylaxis
treatment,” “allergic shock,” “adrenaline,” and “epinephrine,” as well as on further ar-
ticles from the literature.

Results: Adrenaline/epinephrine administration often eliminates all manifestations of
anaphylaxis. The method of choice for administering it (except in intensive-care
medicine) is by intramuscular injection with an autoinjector; this is mainly done to
treat reactions of intermediate severity. The injection is given in the lateral portion of
the thigh and can be repeated every 10-15 minutes until there is a response. The
dose to be administered is 300-600 ug for an adult or 10 pg/kg for a child. The risk
of a serious cardiac adverse effect is lower than with intravenous administration.
There have not been any randomized controlled trials on the clinical efficacy of ephi-
nephrine in emergency situations. The use of an autoinjector should be specially
practiced in advance.

Conclusion: The immediate treatment of patients with anaphylaxis is held to be ad-
equate, yet major deficiencies remain in their further diagnostic evaluation, in the
prescribing of emergency medications, and in patient education. Further research is
needed on cardiovascular involvement in anaphylaxis and on potential new thera-
peutic approaches.
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threatening immediate-type allergy and represents

the most common and often life-threatening
emergency situation in allergology. In contrast to hay
fever, asthma, and atopic eczema (atopic dermatitis), few
reliable epidemiological studies exist of the prevalence
rates of anaphylactic reactions (1).

Q naphylaxis is the maximal variant of an acute life-

Background

In tandem with the general increase in allergic dis-
orders in the population, anaphylactic reactions have
become more common, not only in Europe (2-4), but
also in the USA and Asia (5-7), for example from
16/100 000 person-years in 2008 to 32/100 000 person-
years in 2014 (5). With a total prevalence of 42/100 000
person-years in the period from 2001 to 2010, Lee et al.
observed an annual increase of 4.3% and, for food-
induced anaphylaxis, of 9.8% (6).

In particular, food-induced anaphylaxis in children
has increased—for example, from 41/100 000
emergency admissions in 2007 to 72/100 000 such
admissions in 2012 (7).

Often, patients with allergic rhinitis (hay fever)
also react to allergens that occur in foodstuffs and
pollen grains (“pollen-associated food allergies”).

A classic example are people with allergies to birch
pollen, who also react with anaphylaxis to hazelnuts,
because they have developed IgE antibodies to the
major birch pollen allergen Bet v 1, which occurs in
many foodstuffs.

Reactions to Bet v 1 homologous proteins are altogether
common, but they rarely trigger severe reactions (8).

In view of the numerous triggers and the multiple
possibilities for exposure over a lifetime, lifetime
prevalence rates of anaphylaxis in the population
have been estimated to be 0.3—15%; in some studies
this also includes milder reactions, such as externally
triggered acute urticaria (9—11).

Methods

On the basis of the available guidelines from 2007 and
2014 we conducted a selective literature search in
PubMed, using the search terms ‘“anaphylaxis
treatment”, “allergic shock”, “adrenaline”, and “epi-
nephrine” for the period from 1 January 2012 to 30
September 2017. We also took recourse to literature we

ourselves collected over time.
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Clinical symptoms

Anaphylactic reactions are accompanied by a multitude
of symptoms affecting different organs, which
sometimes occur in succession and sometimes simulta-
neously—but not necessarily always to the same
degree.

In most cases (80-90%), the reactions start with
subjective general symptoms and skin manifestations
(for example, urticaria/hives 62%, angioedema 53%),
sometimes accompanied by formication on the palms
of the hands and soles of the feet. Advanced symp-
toms include nausea of the gastrointestinal tract in
24% of those affected, colic-type pain in 16%, vomit-
ing in 27%, and diarrhea in 5%.

The respiratory tract is affected in 49%. Those af-
fected experience dyspnea, either as a narrowing of
the upper airway in the sense of laryngeal edema or as
asthmatic bronchial constriction (35%).

Anaphylaxis can affect the cardiovascular
system—for example, by triggering tachycardias or
blood pressure fluctuations in up to 42% of cases.
These can be so comprehensive that anaphylactic
shock may ensue (12—-15) (Box).

Anaphylaxis can affect the same patient to different
degrees of intensity, which is considered in the clas-
sification into grades of clinical severity (16, 17).

Pathophysiology
During the trigger phase of anaphylaxis, mast cells and
basophils, which release highly active mediator
substances, are of central relevance. The best known
substance is histamine (18). Furthermore, eicosa-
noids—such as leukotrienes and prostaglandins—but
also platelet activating factor (PAF) have important
roles, which are, however, not fully understood just yet.
Further to activation by antibodies, anaphylaxis
can be triggered non-immunologically by direct
mediator release or complement activation.
The causes of a fatal outcome are mostly (19, 20):
® Circulatory shock
® Cardiogenic shock as a result of cardiac arrest
(also arrhythmia, myocardial infarction)
® Obstruction of the upper airway (laryngeal edema)
® Severe asthma attack with bronchoconstriction.

Triggers and allergens

The most important triggers of anaphylaxis in adults
are insect venom, foods, and medicines, whereas in
children, it’s foods (7able I).

In addition, so called non-specific summation or
augmentation factors are relevant, if a reaction is
triggered only after simultaneous effects of other,
often non-specific factors plus contact with the
allergen (1, 21-24), as for example:

® Physical exercise/exertion

® Administration of medications (acetylsalicylic

acid, beta blockers, angiotensin converting
enzyme [ACE] inhibitors, and others)

e Acute infections
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BOX

The most important symptoms of
anaphylaxis*

® Subjective general symptoms
(known in the past as prodromal symptoms)
— Restlessness
— Abnormal tiredness in children
— Paresthesias or itching of palms, soles of feet, or in
anogenital region
- Metallic or fishy taste in the mouth
— Visual disturbances
— Feelings of anxiety

© Skin
— Generalized pruritus
- Disseminated weals (urticaria, hives)
— Circumscribed tissue swellings (angioedema, e.g.
of the eyelids, lips)
- Episodic reddening (flushing)

® Gastrointestinal tract
- Nausea, vomiting
— Stomach cramps, colic
- Diarrhea, voiding of feces and/or urine

© Airways
- Rhinoconjunctivitis
— Dyspnea
— Wheezing
— Asthma attack
— Blocking of upper trachea, glottal edema (a feeling
of obstruction of the throat)
— Respiratory arrest

® Cardiovascular system
— Palpitations and tachycardia
— Drop in blood pressure
— Collapse, circulatory shock, cardiac arrhythmia

* modified from (1, 9, 12, 15, 26)

® Psychological stress
© Alcohol use
o Simultaneous exposure to different allergens.

Acute treatment

The basic principles of emergency treatment have been
described in national and international guidelines (14,
25, 26).

General measures
General measures include:
o Interrupting delivery of the allergen
® Positioning the patient in a way that is appropriate
for their symptoms
® Diagnostic evaluation of vital signs
® Prompt insertion of an intravenous cannula and
administration of fluids as required
® Providing oxygen and appropriate cardiopulmo-
nary resuscitation if required (27).
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TABLE 1

Common triggers of anaphylaxis*
Wasp 1460
Bee 412
Hornet 93
Bumblebee 5
Horsefly 4
Mosquito 4
Pulses (including peanut) 241
Animal proteins 225
Nuts 199
Grains 101
Fruits 65
Vegetables 63
Herbs/spices 55
Additives 13
Others 17

* The data come from an anaphylaxis registry, which collects voluntary notifi-
cations from the German-speaking region. They therefore do not represent a
population-based epidemiological data collection

(modified from [16])

Medication therapy
Adrenaline/epinephrine is of central importance in the
setting of pharmacotherapy. Antihistamines (H;-
antagonists) are used in mild reactions and glucocorti-
coids are given in order to prevent late phase reactions.
Adrenaline/epinephrine has been in use for more
than 100 years. The consensus is that it is effective in
treating anaphylaxis, even though—in the sense of
evidence-based medicine—placebo controlled pro-
spective studies are lacking. Such studies would not
be ethically justifiable in any case (14, 26).

Mechanism of action of adrenaline/epinephrine
Adrenaline/epinephrine is one of three endogenous
catecholamines, which is produced alongside noradren-
aline in the adrenal glands and released in a scenario of
stress, like cortisone. In combination with other blood
pressure  raising  systems—for example, the
renin-angiotensin system—this forms the basis for the
spontaneous resolution of symptoms in many cases.
Adrenaline binds to catecholamine receptors, but its
specificity is dose-dependent: at low dosages, beta 1
and beta 2 receptor effects dominate, the effects
mediated by alpha and beta receptors are balanced only
at moderate dosages. At high dosages, vasocon-
striction—mediated by alpha receptors—plays a
greater part (Table 2) (28).

Because of these effects, adrenaline/epinephrine is
used in non-allergic states too—for example, for the

purpose of vasoconstriction in local surgery, to treat
symptoms after intubation, and in croup or false
croup.

The anti-anaphylactic effect of adrenaline/epineph-
rine is primarily due to the stimulation of alpha and
beta receptors. The alpha adrenergic receptors are
responsible for vasoconstriction in the area of the pre-
capillary arterioles of the skin, mucosa, and kidneys
and smooth muscle contraction in the venous vascular
bed, which results in increases in peripheral vascular
resistance and blood pressure. Subsequently, any
tissue edema that has developed as a result of the
increased vascular permeability reduces (29).
Concomitantly, adrenaline/epinephrine dilates via
beta-2 adrenergic receptors the bronchi and vascula-
ture especially in the skeletal muscles.

Stimulation of the beta adrenergic receptors in-
creases the heart rate and contractility of the cardiac
muscle while simultaneously expanding the coronary
arteries. The result is an increased output of the heart,
accompanied by increased oxygen consumption.
Increased cardiac output in turn raises the systolic
blood pressure. At higher concentrations and with
rapid administration (for example, if given intra-
venously), adrenaline/epinephrine can have an
arrhythmogenic effect. At high concentrations, the
contracting effect of the alpha receptors on the
coronary vessels can exceed the dilating effect of the
beta-2 receptors and lead to cardiac necroses (28, 30).
By activating beta-2 receptors and increasing intracel-
lular cyclic adenosine monophosphate (cAMP), the
mediator release from effector cells is downregulated.

The effects of adrenaline/epinephrine in the differ-
ent receptors are dose-dependent and are affected by
non-specific other factors—for example, hypoxia,
acidosis, age, or chronicity of stimulation (28, 30, 31).

Adrenaline/epinephrine antagonizes crucial patho-
genetic mechanisms that are involved in the develop-
ment and degree of anaphylaxis:

® Hypovolemia as a result of peripheral vasodilation

and loss of volume in tissue

® Respiratory failure due to bronchoconstriction or

mucosal edema in the upper airway

® Cardiac arrest due to the negative inotropic effect

of the mediator substances.

Other catecholamines

Noradrenaline or dopamine are in individual cases used
in the intensive care setting for severe reactions,
especially if the desired result is an increase in the
alpha adrenergic receptor effect and blood pressure
(26).

Application of adrenaline/epinephrine

Adrenaline/epinephrine can be administered via differ-
ent routes (7able 3) (26, 32-34, el—e3). The application
method is determined by the degree of severity and the
circumstances of the anaphylactic event. Intravenous
application—recommended as the method of choice for
many decades—is mainly the preserve of the intensive
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care setting. It is given as a diluted solution of an
original concentration of 1 mg/mL (proprietary product
Suprarenin, diluted 1:10 or 1:100) and is administered
cautiously and slowly while pulse and blood pressure
are monitored.

Most anaphylactic emergencies occur outside the
hospital or practice setting, for example as a result of
insect stings/bites or food ingestion. In such
situations, immediate intramuscular application of
adrenaline/epinephrine is the method of choice, best
administered with an autoinjector (0.15-0.5 mg). The
injection should be placed on the outside of the thigh
(into the vastus lateralis muscle). If the patient shows
no response, a repeat injection can be given every
10-15 minutes, depending on effects and adverse
effects.

Pharmacokinetic studies have shown that plasma
concentrations of adrenaline/epinephrine return to
adequate levels very rapidly after intramuscular appli-
cation. This systemic availability occurs much faster
than after inhalation or subcutaneous application (34,
37). At the same time, the risk of overdose and thus of
severe cardiac adverse effects is lower than after
intravenous application.

No prospective controlled studies exist of the
clinical effectiveness in the emergency setting. Dhami
et al.,, in a systematic review of the available
evidence, found some indications for the effective-
ness of adrenaline/epinephrine in registries and case
series, which they themselves did not rate as very
strong (16, el, e4). They also point out that owing to
the methodological problems inherent in investigating
the treatment of anaphylactic shock, no better
evidence is likely to become available in the fore-
seeable future. However, what is also clear is that
people still die from anaphylactic shock even after
they have received adrenaline/epinephrine (e5).
Furthermore, no definite association exists between
the severity of the anaphylactic reaction and the
extent of previous episodes of anaphylaxis. In spite of
the positive indications and the plausibility of an ef-
fect of adrenaline/epinephrine, intramuscular
application is slow to be adopted in Germany; even in
severe reactions (grades III and IV [26]), adrenaline/
epinephrine is given as the initial measure in only
20% of cases (Figure).

Dosage
As stated before, controlled efficacy studies are lack-
ing, and, similarly, there are no dose-finding studies
either.  Handbooks  recommend  dosages  of
300-600 pg/person in adults, which corresponds to
about 5-10 pg/kg body weight and to 10 pg/kg body
weight in children. In adults, it has been found success-
ful to start with 300 pg and in children (body weight
7.5-25 kg), with 150 ng, with subsequent doses
adapted to the development of clinical symptoms.

In patients with a high body weight (>100 kg), the
initial dose should be 500 pg. The length of the
needle is also important, in order to avoid injecting
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TABLE 2

Pharmacological effects of adrenaline/epinephrine in the treatment of
anaphylaxis*

a, adrenergic receptor | - Increased vasoconstriction
— Increased peripheral vascular resistance
- Raised blood pressure
— Reduction of tissue edema (e.g., larynx)
— Nasal vasoconstriction

o, adrenergic receptor | — Lowering intraocular pressure

B4 adrenergic receptor | — Raised heart rate (positive chronotropic)
- Increased cardiac contraction (positive inotropic)
— Vasoconstriction in skin and mucosa

B, adrenergic receptor | — Bronchodilation
- Vasodilation
— Inhibition of mediator release
— Lowering peripheral blood pressure

B; adrenergic receptor | — Promotion of lipolysis

* modified from (8)

TABLE 3

Application routes of adrenaline/epinephrine and associated advantages and
disadvantages in the treatment of anaphylaxis*
Oral Rapid inactivation owing to catechol-O-methyltransferase and
monoamine oxydase
Sublingual Only in scientific studies
Inhaled If laryngeal edema is the main symptom
Intranasal Currently under scientific study
Intratracheal In intubated patients
Subcutaneous Slow! effect, poor resorption
Intramuscular Method of choice in the initial phase of anaphylaxis, especially
for self medication
Intravenous Risk of overdose if given too quickly, problem of dilution, abso-
lutely indicated in grade IV (cardiac and/or respiratory arrest)
Intracardiac In cardiopulmonary resuscitation*?

' modified from (24, 34, 37, e1, e2); ** classed as obsolete by some authors

into a fat layer that is too thick and in order to reach
the muscle.

The effect of the adrenaline/epinephrine can be
quickly assessed within very few minutes. The thera-
peutic range is small. The effects of the adrenaline/
epinephrine are experienced by patients immediately
and may lead to states of anxiety, restlessness,
palpitations, pallor, shaking, and headache. These sym-
ptoms are associated with the desired therapeutic effect
of adrenaline/epinephrine, and patients should familiar-
ize themselves with them if they wish to self medicate.

The risk of overdose or adverse effects in childhood
is low, but it is imperative to consider this in adults and
older patients with underlying cardiovascular
disorders (e3). On the other hand, patients with coronary




MEDICINE

FIGURE 1
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First-line treatment by intramuscular application of adrenaline/epinephrine in patients with
severe anaphylaxis (grades Il and IV [26]) in 2014-2016.
Data from the German language anaphylaxis registry (Worm et al., personal communication)

heart disease are particularly endangered by anaphy-
lactic reactions; sufficient perfusion pressure in the
coronary circulation is often made possible only by
simultaneous administration of fluid volume and va-
soconstrictors (e3).

Adrenaline/epinephrine

autoinjector for self-medication

After the successful acute treatment of anaphylaxis,
prophylaxis is the next most important therapeutic
objective. This requires a well-informed patient,
appropriate diagnostic evaluations for determining the
allergic trigger, and an “emergency kit for immediate
first aid” for self-medication until an emergency
physician is available.

The center piece of this emergency kit is an adren-
aline/epinephrine autoinjector (23, 33, 35). This is a
pre-dosed injector pen (EpiPen in the USA), which is
conceived for use by a medical layperson. If handled
correctly—and patients need to learn how to use it
correctly—the pen will release the adrenaline/epi-
nephrine solution directly into the muscle through an
automatically extending/protruding needle. At the
present time, three different preparations are available
in Germany, which differ in dose, length of needle,
and release mechanism.

The different autoinjectors require different hand-
ling. Either only a protective cap covering the needle
will have to be removed or, additionally, a safety cap
from the opposite end of the pen. Handling these will
need to be learnt by training on dummies (36, 37, €6,
e7). For this reason, proprietary names matter, and
autoinjectors should not be randomly swapped, such
as happens for generic preparations (38, 39).

It is not possible to replace via discount contracts a
prescribed autoinjector with another one without
consent from the prescribing doctor.

Patients also need to practice handling their fear in
the emergency situation. This vastly exceeds the
available timeframe of a consultation between doctor
and patient. For this reason, the working group
“Anaphylaxie Training und Edukation” (AGATE e.
V., a non-profit association without any competing
commercial interests) has developed a standardized,
quality assured education program (anaphylaxis train-
ing, www.anaphylaxieschulung.de), which specially
trained experts provide on a nationwide basis. This is
the only training program whose effectiveness was
evaluated in a prospective randomized trial (40);
some health insurers reimburse patients on
application.

For patients, avoiding the allergenic trigger is
crucial, but this can be difficult, especially in food
allergies, and requires the collaboration of an aller-
gologically trained dietician (a list is available from
“Deutscher Allergie- und Asthmabund,” the German
association for asthma and allergies, reg. assoc.,
www.daab.de).

Problems

Current problem with autoinjectors relate to their avail-
ability—for example, in nurseries or schools; often,
two autoinjectors are prescribed, which is also the rec-
ommendation of the European Medicines Agency (36).

In our opinion, special indications exist regarding
the prescription of a second autoinjector (16, 26, 32,
e8):

® A high body weight

® Particular risks for developing anaphylaxis (for

example, mastocytosis)

® Severe previous anaphylaxis

® Long distance between residence and primary

medical care facility

® Childhood age (nursery/school).

Adrenaline in an aqueous solution can be subject to
chemical instability, even if the pH is low and with
sulfite.

After the use-by date, the solution gradually loses
effectiveness, even though it stays clear and colorless.
If no other autoinjector is available, such a solution
can be applied (27, €9).

The treatment of patients who take betablockers is
complicated (e3), since adrenaline/epinephrine does
not reach the downregulated receptors in adequate
amounts. In the acute case scenario, the recommen-
dation is for intravenous administration of glucagon
to upregulate the beta adrenergic receptors. Most
guidelines recommend the application of adrenaline
in pregnancy in case of anaphylaxis (26, €10).

The main problem for many of those affected is the
fact that they are not prescribed an autoinjector. A
study from Belgium showed that acute treatment was
given with excellent results in a large hospital, but
that only 9% of anaphylaxis patients received an invi-
tation for allergy testing or were given an adrenaline/
epinephrine autoinjector (33). Similar data were
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collected in 1995 in Munich, Germany, when emerg-
ency physician callouts were analyzed. Back then, 70
patients with severe anaphylaxis after insect stings/
bites were treated highly successfully—all survived,
but only 10% received information on further man-
agement or even an emergency kit (ell).

Glucocorticoids and antihistamines have their
place in mild (grade I) reactions (26, €9, el1).

Conclusion

The medical care of patients with anaphylaxis is
generally positive. Substantial gaps exist, however, in
the further diagnostic evaluation, prescription of
emergency medication, and instruction and training
(e4). The situation provides an opportunity to raise
awareness among physicians of the problem of anaphy-
laxis and of providing affected patients with the option
to use an autoinjector to inject adrenaline/epinephrine
into the muscle as a self-medication method, as well as
giving the necessary medical advice.
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Key messages

® Anaphylaxis as the extreme variant of an immediate allergic reaction is potentially
life-threatening and represents the most important emergency in allergology.

@ |n addition to the general measures used to tackle shock, adrenaline/epinephrine is
the cornerstone of acute treatment. It can be administered in various ways, ideally
by immediate intramuscular injection. Intravenous application in diluted form is the
preserve of intensive care.

® Patients are given an emergency kit for the purpose of self-medication. This con-
tains an antihistamine, glucocorticoid, and adrenaline/epinephrine autoinjector,
whose use needs to be learnt and practiced.

® Several autoinjectors are available, which differ in dose, shelf life, length of needle,
and application technique/use. For this reason, these preparations are not simply
interchangeable.

® After successful acute treatment, patients will have to be given sufficient information
and be referred for further diagnostic evaluation, in order to determine the trigger, so
that further/future contact can be avoided. Education programs, such as an anaphy-
laxis training program for patients or their parents, have been found to be useful.
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&€ CLINICAL SNAPSHOT

Black Aortic Valve Stenosis Reveals a Rare Disorder of Tyrosine Metabolism

A 65-year-old man with a severe aortic
valve stenosis underwent conventional
aortic valve replacement surgery. During
the operation, diffuse black discoloration
was found on the sternum, pericardium,
inner wall of the aortic root, and aortic
valve (a). Similar discoloration of the
sclerae and ears (b), grayish urine, and
longstanding joint pains were noted retro-
spectively. Black discoloration of the joint
surfaces had been seen during prior hip
replacement surgery. The patient's mother
had also had black spots in her eyes. The
urinary homogentisic acid concentration
was markedly elevated at 2.2 g/L (reference range: <0.1 g/L). This finding provided the final confirmation of the diagnosis of alkaptonuria, a rare
disorder of tyrosine metabolism. The condition is caused by an inherited defect of the gene for the enzyme homogentisic acid dioxygenase.
Crystal deposition over many years leads to tissue damage, mainly in joint cartilage, the kidneys, and the aortic valve. Causally directed treat-
ment is not yet available. Pain therapy, physiotherapy, exercise, proper nutrition, and surgical intervention as needed are the current mainstays
of treatment.
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