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Anaphylaxis in Greek pediatric departments

Results: In all, 127 cases of anaphylaxis were identified. Epinephrine was administered in
almost half of all cases (51.2%), predominantly through intramuscular route (88.5%), while the
majority of anaphylaxis patients were treated with antihistamines (92.9%) and corticosteroids
(70.1%). Epinephrine was more likely administered by physicians if the elicitor was a drug
(P < 0.003). Regarding long-term management, an epinephrine auto-injector was prescribed
in 66.9% of patients. Follow-up information was available for most of the patients (92.9%),
the majority of whom (76.3%) were referred to an allergist. More than half of these patients
(63.6%) had a documented allergy follow-up, which identified a causative allergen in 53.3% of
cases. No statistically significant differences were recorded prior to and after the intervention
regarding management of anaphylaxis.

Conclusions: This nationwide study highlighted the necessity of further improvement in terms
of anaphylaxis treatment and secondary prevention measures. This presupposes appropriate
education and training of healthcare professionals, thus contributing to proper and compre-

hensive care of the pediatric population.
© 2024 Codon Publications. Published by Codon Publications.

Introduction

Anaphylaxis incidence rate is increasing globally and is con-
sidered as the most severe end of the spectrum of allergic
reactions, is defined as an acute, rapidly progressive hyper-
sensitivity reaction derived from the massive release of
inflammatory mediators from mast cells and basophils after
exposure to an allergy-causing substance. Since severe ana-
phylaxis is characterized by potentially lethal airway and/
or circulation compromise even in the absence of typical
skin features, it is imperative that it is promptly recognized
and managed by all healthcare professionals.'?

Although it is difficult to estimate precisely the inci-
dence of anaphylaxis, a worldwide systematic epidemi-
ological review focusing on children has shown highly
variable proportions, ranging from 1 to 761 per 100,000
person-years for total anaphylaxis, and from 1 to 77 per
100,000 person-years for food-induced anaphylaxis.
Certainly, the global incidence data cannot be integrated
to the Greek pediatric population for which respective
data are lacking. However, recent data have indicated a
global increase in both emergency department (ED) visits
and hospitalizations because of anaphylaxis over the past
two decades, particularly in the pediatric population.

As a growing public health issue, it is crucial for ED phy-
sicians to be familiar with the diagnosis and management of
this clinical emergency entity.*" However, there are barri-
ers regarding timely identification and proper management
of anaphylaxis. Until recently, the lack of internationally
accepted definition and diagnostic criteria, combined with
the lack of reliable laboratory biomarkers for confirmation
of diagnosis, has resulted in underdiagnosis and, therefore,
undertreatment of anaphylaxis. Moreover, a wide vari-
ability in clinical presentation, especially in the absence
of cutaneous clinical manifestations, makes the diagnosis
of anaphylaxis challenging for healthcare professionals.
The recognition and management of anaphylaxis is even
more challenging in the pediatric population, particularly
in infants, because of their inability to accurately describe
clinical manifestations as well as atypical and nonspecific
manifestations, such as crying, irritability, or lethargy.?"

Intramuscular (IM) administration of epinephrine is
the cornerstone of anaphylaxis treatment and must be
administered without delay, even in suspicion of impend-
ing anaphylaxis, as it prevents progression of anaphylactic
reaction and reduces mortality, hospitalization rate, and
the likelihood of biphasic reactions."2020

Long-term management is of paramount impor-
tance in every patient who has experienced anaphylaxis.
Implementation of measures to prevent and effectively
treat possible future adverse reactions should include pre-
scription of an epinephrine auto-injector (EAI), patient
education, and referral to an allergist for identifica-
tion of suspected trigger, prevention of recurrences, and
allergen immunotherapy (AIT) if indicated.>?"?? Despite
international guidelines, however, several studies have
documented that both acute and long-term management of
anaphylaxis remains inadequate.??¢

The present study aimed to assess the management
practices of anaphylaxis applied at Greek pediatric hos-
pital departments in accordance with the current guide-
lines. Our primary objective was to identify deficiencies in
diagnosis and management of anaphylactic episodes, and
to evaluate whether any improvement was recorded to the
above variables after an informative intervention was con-
ducted. Secondary objective was to increase awareness of
national guidelines in terms of diagnosis and appropriate
management of anaphylaxis among healthcare profession-
als in Greece, thus contributing to the proper and compre-
hensive care of the pediatric population of the country.

Materials and Methods

We performed a questionnaire-based study of all children
aged <16 years who presented to Greek pediatric hospital
departments with clinical manifestations of anaphylaxis
during a 2-year period (May 2019-May 2021). Ten secondary
and tertiary care hospitals across the country accepted to
participate in this registry by reporting all patients diag-
nosed with anaphylaxis at their EDs.

Questionnaires were prepared based on the guidelines
of the World Allergy Organization for the assessment and
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management of anaphylaxis?” and administered to the par-
ticipating departments. Subsequently, pediatricians were
asked to complete this questionnaire during the patient’s
first visit in ED or hospitalization.

The questionnaire covered demographic data (age and
gender), atopic status of the child, family history of atopy,
previous anaphylactic reactions, clinical signs and symp-
toms, suspected trigger mentioned by the patient (or rela-
tives) and the pediatric ED physician, and pre-hospital and
ED management. The severity of anaphylaxis was defined
according to the Ring and Messmer classification.? Patients
were followed up 2 months after the acute episode regard-
ing the long-term management of anaphylaxis, such as EAI
prescription, their referral to an allergist, and the identifi-
cation of trigger for anaphylactic episode.

The study was structured as follows: For a 10-month
period, pediatric ED physicians recorded the anaphylaxis
cases presenting in pediatric hospital departments, using
Questionnaire A (stage 1). Then, during one-day meeting
with the pediatricians of the participating departments,
the two authors presented the data collected at stage
1 and discussed about the difficulties or concerns that
occurred during collection of the data. At the same time,
the participants were informed of the current international
guidelines regarding diagnosis, treatment, and long-term
management of anaphylaxis in the pediatric population
(stage 2-intervention). Finally, the recording of anaphylaxis
cases continued for 12 more months, using a similar ques-
tionnaire, that is, Questionnaire B (stage 3).

Children that attended pediatric ED and presented
anaphylaxis for more than one occasion during the study
period were counted as different cases because causative
agents and clinical manifestation could vary from one epi-
sode to another.

The statistical analysis was performed using the SPSS
v26.0 software. Frequencies and percentage values were
used within the context of the study to describe all
recorded categorical data. The Pearson’s chi square test
was used to test all hypotheses, while Fisher’s exact test
was applied to all cases with the assumption that regarded
the expected minimum numbers per cell and the expected
number of cells with a frequency of less than 5 was not
met. A multiple logistic regression model was used to
assess the effect of different variables on administration
of epinephrine in patients presenting with anaphylaxis; P <
0.05 was considered statistically significant.

Results

During the study period, 127 cases of anaphylaxis were
recorded in 125 children (65 cases prior to and 62 cases
after the informative intervention). Patients’ character-
istics, elicitors, and involvement of the organ system are
summarized in Table 1.

Pre-hospital treatment

On arrival at EDs, 49 out of 127 (38.9%) children had
already received treatment. Among the patients who had
received pre-ED treatment, the majority had received

Table 1 Characteristics of all children diagnosed with
anaphylaxis.

N (%) of children

Gender
Male 82 (64.5%)
Female 45 (35.4%)
Age range (years)
0-2 34 (26.8%)
3-5 27 (21.3%)
6-11 45 (35.4%)
>12 21 (16.5%)

History of atopic disease
Food allergy
Atopic dermatitis
Allergic rhinitis
Asthma
Other allergies

Family history of atopy

82 (64.56%)
51 (62.2%)
44 (53.65%)
17 (17.07%)
7 (8.54%)
6 (7.32%)
68 (53.54%)

Elicitors
Food 70 (55.11%)
Drugs 18 (14.17%)
Insect venom 16 (12.6%)
AT 7 (5.51%)
Others 8 (6.3%)
Unknown 8 (6.3%)
Organ system involved
Skin 116 (91.34%)

Gastrointestinal tract

Respiratory tract

Cardiovascular tract

More than 2 systems involved
Severity grade

62 (48.82%)
86 (67.72%)
19 (14.96%)
38 (30.16%)

Grade 2 116 (91.3%)
Grade 3 10 (7.9%)
Grade 4 1 (0.8%)

*Others: food-dependent, exercise-induced anaphylaxis, cold,
exercise.

AIT: allergen immunotherapy.

Grade 2: mild to moderate symptoms; Grade 3: severe pulmo-
nary, cardiovascular, and/or gastrointestinal symptoms; Grade
4: cardiac or respiratory arrest.

corticosteroids  (75.5%) and antihistamines (73.5%).
Approximately one out of four patients had received both
corticosteroids and antihistamines. Adrenaline was used
in 36.7% (18/49) of the patients. For the majority (89%) of
the patients treated with epinephrine prior to their arrival
at EDs, the drug was administered by a healthcare pro-
fessional and only 11% of the patients had received treat-
ment through a self-injectable EAI. In all, 7.8% patients had
received pre-hospital treatment with epinephrine, cortico-
steroids, and antihistamines concurrently.

Acute management

Regarding the ED treatment, epinephrine was adminis-
tered in more than half of the anaphylaxis cases (51.2%).
Comparing pre-intervention period to post-intervention
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period, no significant difference was observed in adminis-
tration of epinephrine (P = 0.652).

Most of the patients (88.5%) received epinephrine pre-
dominantly through the IM route. IM route of administration
was used by most of pediatric ED physicians during post-in-
tervention period, although without statistical significance
(P = 0.369). Other routes of administration were subcuta-
neous, intravenous bolus, and inhalation via nebulization.

Most of the patients (90%) received a single dose of
epinephrine and only six out of 127 (10%) patients were
treated with more than one dose of adrenaline by ED phy-
sicians. During the post-intervention period, the common-
est reason for not using epinephrine by caregivers was mild
clinical symptoms (76.2%), followed by the uncertainty that
the episode was anaphylactic (9.52%), fear of adverse reac-
tions (9.52%), and hesitation regarding correct dosage and
route of administration (4.76%).

The associated factors for epinephrine administra-
tion in patients presented with anaphylaxis are given in
Table 2. Multivariate logistic regression showed that drugs
as elicitors could be a significant factor associated with the
greater possibility of epinephrine administration.

The vast majority of patients received acute treatment
with antihistamines (118/127) and corticosteroids (89/127);
however, no significant difference was discovered for both
medications between pre- and post-intervention periods.
A smaller proportion of patients received treatment with
inhaled beta-2 agonists (22.8%), oxygen therapy (7.9%),
and intravenous fluids (18.1%) without statistical difference
between pre- and post-intervention periods. The treat-
ment prior to and after the intervention is summarized in
Table 3.

Almost all patients (98%) remained in the hospital for
observation for at least 24 h. No biphasic or protracted
reaction was recorded. One fatality (0.7%) was recorded
during the study period. A 6-year-old girl with an immuno-
globulin E (IgE)-mediated cow’s milk allergy developed ana-
phylactic shock at school after she accidentally consumed

pastry with butter. No EAl was available and the girl was
transferred to hospital; however, the rescue team could
not save her.

Long-term management

At discharge, 85 patients (66.9%) received an EAIl prescrip-
tion, eight of whom already had an EAI. This proportion
was almost similar between the two study periods. All the
patients in the study had received instructions for the cor-
rect use of EAl during the two study periods.

Follow-up

Follow-up information was available for 118 of 127 (92.9%)
patients in the study. In less than half of these patients
(46.6%), follow-up care was arranged as an outpatient,
with the majority of them (79.5%) showing up and being
reassessed by a primary care physician in the following
days after the episode. Follow-up care was arranged for a
smaller proportion of patients during the post-intervention
period, although with no statistical difference between the
two study periods (P = 0.168).

Allergist referral

Among patients with follow-up information, three out of
four (76.3%) patients were referred to an allergist, with
similar proportion of referrals between the two study peri-
ods (P = 0.802) (Figure 1) and 63.6% had a documented
allergy assessment, including measurement of specific
serum IgE and skin prick test during subsequent months.
Fewer than 12% patients were assessed by an allergist
during the post-intervention period, although without
statistical difference (P = 0.156). Among the patients who
underwent allergy testing, only 40 (53.3%) had a certain

Table 2 Multiple logistic regression analysis for the effect of intervention, elicitor factors, and severity regarding
administration of epinephrine in patients presenting with anaphylaxis, adjusting for gender, age, and history of atopy.

95% Cl for OR

B SE Wald df Significance OR Lower Upper
Gender 985 631 2436 1 119 373 108 1287
Age 2834 3 418
3-5 years vs 0-2 years -494 809 372 1 542 610 125 2981
6-11 years vs 0-2 years -1336 815 2688 1 101 263 053 1298
12+ years vs 0-2 years -768 1010 579 1 447 464 064 3356
Atopy history 507 615 679 1 410 1660 497 5537
Intervention (before vs after) 850 605 1974 1 160 2340 715 7657
Elicitor factor 10,576 7 158
Drug 2982 996 8964 1 003 19,728 2801 138,967
Insect venom 811 877 854 1 355 2249 403 12543
Uknown 1892 1299 2123 1 145 6632 520 84,530
AT 1231 1520 656 1 418 3425 174 67,417
Others 1054 1942 295 1 587 2871 064 129,051
Constant -2890 824 12,302 1 000 056

OR: odds ratio; 95% Cl: 95% confidence interval.
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Table 3 Acute anaphylaxis treatment prior to and after
intervention.

Intervention

Total Before After
Acute treatment N N % N % P-value
Epinephrine 65 32 49.2% 33 53.2% 0.652
Antihistamines 118 63 96.9% 55 88.7% 0.071
Corticosteroids 89 45 69.2% 44 70.9% 0.831

Table 4 Long-term management of anaphylaxis prior to
and after intervention.

Intervention

Long-term Total  Before After

management N N % N % P-value

Epinephrine 85 43 66.1% 42 67.7% 0.849
prescription

Outpatient follow-up 55 32 49.2% 23 37.1% 0.168

Allergist referral 90 49 75.4% 41 77.4% 0.802

Allergy assessment 75 45 69.2% 30 56.6% 0.156

causative agent identified. Finally, the initially suspected
trigger coincided with the trigger after the allergy fol-
low-up in 38 of the 40 patients (95%). Long-term manage-
ment, prior to and after the intervention, is summarized in
Table 4 and Figure 1.

Discussion

To our knowledge, this was the first nationwide multicenter
study that provided insight into the treatment and long-
term management of children presenting with anaphylaxis
in the pediatric departments of Greece hospitals.

Although all patients in our study met the National
Institute of Allergy and Infectious Disease and the Food
Allergy and Anaphylaxis Network criteria for anaphylaxis,’
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Figure 1 Long-term management of patients diagnosed with

anaphylaxis prior to (questionnaire A: blue bar) and after
(questionnaire B: orange bar) the informative intervention.

almost half of them (48.8%) did not receive epinephrine
as first-line treatment, which is in contrast to all current
guidelines. The patients that did not receive epinephrine
had resolution of clinical manifestations by the time they
had arrived the EDs.

Varying proportions of administration of epinephrine
globally were reported by different studies. This could be
attributed to various reasons, such as different educational
programs for healthcare providers among countries, differ-
ent management protocols at EDs as well as different study
designs and methods. Data from the European Anaphylaxis
Register for a 10-year period showed that only 27.1% of
patients with anaphylaxis were treated with epinephrine
by caregivers, with Greece ranking first in terms of pro-
portion of epinephrine administration (66.7%). The higher
proportions reported in Greece could be attributed to the
fact that the data derived from a pediatric department,
with qualified medical personnel, of the largest referral
center for children with allergies in Greece. On the con-
trary, our study included 10 secondary and tertiary care
pediatric hospitals, rather than specialized allergy cen-
ters.?3' Contrary to the above-mentioned data, retrospec-
tively reviewed anaphylaxis cases presented in an ED of a
Melbourne hospital in Australia, and found that epineph-
rine was administered to the majority (95%) of children
with anaphylaxis.

The present study discovered that the main reason for
underuse of epinephrine, as reported by healthcare pro-
fessionals, was that on arrival to ED, the symptoms had
lessened, and therefore administration of epinephrine
was not considered. Moreover, treatment with epineph-
rine suffered because of uncertainty regarding anaphy-
laxis episode, hesitation concerning appropriate dose and
route of administration as well as fear of possible associ-
ated adverse effects. These findings were not singular to
our study, as several studies reported the same reasons
regarding underutilization of epinephrine by healthcare
professionals.3?3

The underutilization of epinephrine in ED settings could
be partially attributed to the challenge in diagnosing ana-
phylaxis because of heterogeneity in clinical presentation
as well as variability in definitions and diagnostic criteria.
Diagnosis could be challenging if the episode was the first
anaphylactic reaction, the elicitor was not known, and the
cutaneous symptoms were absent. Moreover, the underuse
of epinephrine in anaphylaxis could be related to lack of
knowledge or compliance to anaphylaxis guidelines. Finally,
lack of ongoing education to healthcare providers as well
as lack of standard management protocols in pediatric ED
contributes to suboptimal management of anaphylaxis.

It is interesting to note that after our informative
intervention, a slight increase in epinephrine administra-
tion (from 49.23% to 53.22%) was observed, although it
was not of statistical significance. Underutilization of epi-
nephrine could be partly attributed to the lack of standard
management protocols in the pediatric ED in Greek hospi-
tals. On the contrary, a study conducted by Arroabarren
et al. in a Spanish pediatric ED showed significant increase
in epinephrine administration after implementation of
an anaphylaxis protocol (from 27% to 57.6%; P = 0.012).%¢
Therefore, establishment of standardized anaphylaxis
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protocol in EDs is crucial, as it could substantially increase
utilization of epinephrine.

It was encouraging to observe in our study that the
majority of patients received epinephrine via IM route, con-
sidered to be the superior route, as it achieved higher and
more rapid peak plasma concentrations and was associated
with lower risk of overdose and cardiovascular complica-
tions.3”3° Comparable high proportions of IM administration
were also reported in other studies.“®*' The high proportion
of IM route of administration could be related to the qual-
ified personnel managing anaphylaxis patients in tertiary
care hospitals, as observed in the participating depart-
ments of our study. However, no significant difference
was discovered between pre- and post-intervention groups
regarding the route of epinephrine administration.

When compared to other elicitors, intake of drugs was
a significant factor associated with greater possibility of
epinephrine administration. This could be explained by the
fact that drugs are associated with more severe reactions
in general, and with refractory anaphylaxis (anaphylaxis
reaction with persistence of symptoms despite treatment
with at least two doses of IM epinephrine) in particular.>*
In addition, according to the studies conducted in Europe
and the United States, although uncommon, drugs account
for most of anaphylaxis fatalities not only in adults but also
in the pediatric population.*44¢

Moreover, antihistamines and corticosteroids were
administered more frequently than epinephrine for man-
aging acute anaphylaxis in the participating pediatric EDs.
Our results substantiated the results of other studies that
demonstrated a consistently high usage of antihistamines
and corticosteroids for managing anaphylaxis.“ > |t was
worth noting that there was no statistically significant
difference in administration of antihistamines and corti-
costeroids prior to and after our intervention. A possible
explanation for the reported higher use of antihistamines
was the fact that the majority of anaphylactic episodes in
our study was accompanied by cutaneous symptoms; more-
over, based on other studies, antihistamines are useful in
relieving manifestations such as urticaria and pruritus.*-'
On the other hand, use of corticosteroids for managing
anaphylaxis could be attributed to their anti-inflammatory
action, particularly in patients exhibiting bronchospasm
or the upper airway edema. Additionally, it is a common
belief, although without any evidence, that corticoste-
roids could reduce the risk of biphasic and protracted
anaphylaxis.>54

According to the studies, an estimated 1% of hospital-
ization and 0.1% of ED admissions for anaphylaxis resulted
in fatal outcomes. However, mortality in the present study
was lower compared to the literature.?

EAI prescription in our study was found to be relatively
higher, compared to previous studies.**>° However, no sig-
nificant difference was observed about EAl use between
pre- and post-intervention periods. Underutilization of EAI
could be partly attributed to the fact that some patients
who had experienced prior anaphylaxis were using EAI
and therefore no further prescription was required.
Additionally, although the guidelines suggest an EAl of
0.15 mg for infants weighing >7.5 kg, many physicians
avoided prescribing it to this age group, probably because
of fear of dose-related adverse effects.®® All patients in the

present study had received instructions for the correct use
of EAI prior to discharged from hospital.

The reported proportion of follow-up in outpatient
clinics after discharge was low and became lower during
the post-intervention period, although no statistical differ-
ence was found between the two study periods. A possible
explanation for this, and especially during the post-inter-
vention period, could be the COVID-19 pandemic, which
affected patients’ referrals because of stricter regulations,
as outpatient clinics were cancelled for several months to
minimize the risk of contagion.

Several studies reported that the COVID-19 pandemic
had a direct impact on the healthcare system, leading to a
decline in the quality of medical care. In many countries,
a significant decrease in outpatient visits to clinics during
the COVID-19 lockdown period was noted because of fear
of exposure to coronavirus disease, leading to worsen-
ing of health conditions. Similarly, a study conducted by
Arsenault et al. discovered that during the COVID-19 pan-
demic, a decrease of 9-40% was observed in outpatient vis-
its in 10 different countries.®' ¢4

Contrary to multiple studies demonstrating low pro-
portion of allergist referrals after an anaphylactic epi-
sode,?*575 our results showed a high proportion of patients
being referred to an allergist for further management,
although without any statistical difference between the
two study periods.

However, the proportion of patients that underwent
an allergy follow-up left a lot to be desired, although the
allocation was greater compared to other studies.®>% The
patients’ suboptimal adherence to post-discharge instruc-
tions could be due to misunderstanding or underestimation
of the importance of allergy assessment in minimizing the
risk of recurrence. Additionally, the lower proportion of
post-intervention allergy assessment could be due to the
COVID-19 pandemic, leading to delay or even avoidance of
medical care.

Anaphylaxis is a growing public health issue, and given
the life-threatening nature of the reaction, there is an
urgent need to increase and update knowledge among
healthcare professionals regarding its acute treatment, the
EAIl prescription, and the patient’s referral to an allergist
for follow-up. First, it is imperative for healthcare provid-
ers to stay complaint with the international guidelines to
minimize underdiagnosis and undertreatment of anaphy-
laxis. Continuous medical education is required to increase
awareness about management of anaphylaxis among health
professionals. This can be achieved through training pro-
grams comprising clinical scenarios and simulation training,
series of lectures, or e-learning courses. Moreover, studies
in pediatric ED show a significant increase in epinephrine
administration after implementation of anaphylaxis proto-
col. Therefore, in order to upgrade the level of anaphy-
laxis management, it is highly recommended to establish
anaphylaxis protocol in EDs in the form of a written emer-
gency plan, including drugs and dosages. It is known that
anaphylaxis patients are most frequently attended by pri-
mary healthcare providers, rather than allergists. Finally,
it is important to create a close collaboration between ED
physicians and allergy specialists, with the latter dissem-
inating knowledge to other healthcare providers for the
proper management of patients with anaphylaxis.
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One of the strengths of our study was the prospective,
multi-center data collection of pediatric patients pre-
senting with anaphylaxis to participating departments of
Greece. However, the present study had a series of limita-
tions. First, our population was a small sample size, which
could have affected the results. Moreover, participation in
the study was voluntary and was based on clinicians’ inter-
est to engage the registry. In addition, the study included
only patients who gave written consent to participate, and,
therefore, we cannot rule out that some patients refused
to participate. Another limitation could be the possibility
of under-reporting of cases and incomplete data recording,
which could have lead to missing of information. Although
this is a multi-center study with participation of 10 pedi-
atric departments from all over the country, the limited
number of patients included in the study, along with
the voluntary participation of healthcare providers and
patients, does not allow generalization of the results.

Conclusion

This nationwide study affirmed the current literature
regarding suboptimal management practices in children
diagnosed with anaphylaxis in pediatric EDs in Greece.
Acute management of anaphylactic episodes fell short of
expectations, as epinephrine was underutilized and the
second-line treatments, such as antihistamines and corti-
costeroids, were overutilized. However, there were satis-
factory proportions of EAIl prescriptions at discharge and
the majority of our patients were referred to an allergist
for further assessment. Despite internationally established
guidelines, knowledge gaps in the diagnosis and treat-
ment of anaphylaxis impede the effective management
of patients with anaphylaxis. Thus, we stress upon the
need for ongoing education and frequent practical train-
ing programs for healthcare professionals and the adoption
of standardized written plans for managing anaphylaxis
in EDs. We also highlight the crucial role of allergists in
increasing awareness by educating pediatricians and other
healthcare providers, aiming the proper and comprehensive
care of the pediatric population suffering with anaphylaxis.
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