G Model

ARTICLE IN PRESS

RESUS 7022 1–6

1

Resuscitation xxx (2016) xxx–xxx

Contents lists available at ScienceDirect

Resuscitation
journal homepage: www.elsevier.com/locate/resuscitation

Clinical paper

2

Epinephrine use in older patients with anaphylaxis: Clinical outcomes
and cardiovascular complications夽

3

4

5

Q1

6
7
8
9
10
11
12

Takahisa Kawano a,b,∗ , Frank Xavier Scheuermeyer a,c , Robert Stenstrom a,c,d,e ,
Brian H. Rowe f , Eric Grafstein a,c,e , Brian Grunau a,c,d,e
a

Department of Emergency Medicine, St. Paul’s Hospital, Vancouver, BC, Canada
Department of Emergency Medicine, University of Fukui Hospital, Fukui Prefecture, Japan
c
Department of Emergency Medicine, University of British Columbia, Vancouver, BC, Canada
d
School of Population and Public Health, University of British Columbia, Vancouver, BC, Canada
e
Centre for Health Evaluation and Outcome Sciences, University of British Columbia, Vancouver, BC, Canada
f
Department of Emergency Medicine and the School of Public Health, University of Alberta, Edmonton, AB, Canada
b

13

14
27

a r t i c l e

i n f o

a b s t r a c t

15
16
17
18
19

Article history:
Received 27 September 2016
Received in revised form 5 December 2016
Accepted 16 December 2016

20

26

Keywords:
Anaphylaxis
Epinephrine
Older patients
Cardiovascular complications
Emergency department

28

Introduction

21
22
23
24
25

29Q2
30

Background: There is little data describing the differences in epinephrine (epi) administration and cardiac
complications among older and younger patients with anaphylaxis.
Methods: This retrospective cohort study was conducted at two urban emergency departments (ED) over
a 5 year-period, and included adults who met a pre-speciﬁed criteria for anaphylaxis. Patients ≥50 years
of age were deﬁned as “older”. Univariate logistic regression was performed to compare the difference in
frequency of epi administration between the “older” and “younger” groups. Among those who received
epi, the proportion of patients who received doses exceeding the recommended maximum and who had
pre-speciﬁed cardiovascular complications were compared between the two groups, stratiﬁed further
by route of administration.
Results: Of 2995 allergy-related visits, 492 met criteria for anaphylaxis, including 122 (24.8%) older
patients. Older patients were less likely to receive epi injection (36.1% vs. 60.5%). Of those who received
epi, older patients were more likely to receive excessive dose of epi (7/44, 15.9% vs 2/225, 0.9%, unadjusted
OR 20.7, 95% CI 3.8–211.7). Four (4/44, 9.1%) older patients experienced cardiovascular complications,
compared to 1/225 (0.4%) in the younger group (unadjusted OR 22.4, 95% CI 2.1–1129.8). When examining only intra-muscular epinephrine, 1/31 older patients had cardiac complications, compared to 1/186
in the younger group.
Conclusion: Older patients with anaphylaxis were less likely to receive epi injection. Intramuscular epi
appears safe in this population; however, the use of intravenous epi should be avoided in older patients
due to the potential of developing serious cardiac complications.
© 2017 Elsevier B.V. All rights reserved.

Anaphylaxis is deﬁned as “a serious allergic reaction that is rapid
in onset and may cause death”.1,2 Although the lifetime prevalence

Abbreviations: ED, emergency department; CABG, coronary artery bypass graft;
PCI, percutaneous coronary intervention; sBP, systolic blood pressure; IV, intravenous; IM, intra-muscular; ECG, electrocardiogram; IQR, interquartile range; OR,
odds ratio; CI, conﬁdence interval.
夽 A Spanish translated version of the abstract of this article appears as Appendix
in the ﬁnal online version at http://dx.doi.org/10.1016/j.resuscitation.2016.12.020.
∗ Corresponding author at: Department of Emergency Medicine, St. Paul’s
Hospital, 1081 Burrard Street, Vancouver, BC, Canada. Fax.: +1 (604)806 8488.
E-mail address: Takahisa.Kawano@ubc.ca (T. Kawano).

is estimated to be low with a range from 0.05 to 2%, the prevalence appears to be rising.3,4 Allergic reactions and anaphylaxis
account for approximately one percent of emergency department
Q3
(ED) visits.5
Older patients have been identiﬁed as a vulnerable group for
severe or fatal anaphylaxis.6 Despite this older patients appear less
likely to receive epinephrine (epi) injection, possibly due to concern for its side effects.7,8 It is unclear, however, whether epi use is
associated with a higher frequency of side effects in older patients
with anaphylaxis.
We conducted a retrospective cohort study at two urban EDs
to compare the frequency of epi administration and the subsequent documented cardiovascular complications in patients with

http://dx.doi.org/10.1016/j.resuscitation.2016.12.020
0300-9572/© 2017 Elsevier B.V. All rights reserved.
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anaphylaxis, and compared patients 50 years and older, with their
younger counterparts.
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Methods

47

Design and setting
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This retrospective cohort study was conducted at two urban academic teaching hospitals in Vancouver, British Columbia, Canada,
afﬁliated with the University of British Columbia. St. Paul’s Hospital
is a tertiary care referral center that treated approximately 70,000
ED patients annually during the study period. Mount St. Joseph’s
Hospital is a community center with nearly 25,000 annual ED visits.
The two hospitals share a common comprehensive electronic medical record (Eclipsys sunrise clinical manager, Allscripts Healthcare
Solutions Inc., Chicago, IL). All medical treatments, diagnostic investigations, consultations and outpatient prescriptions are recorded
with digital time stamps. Emergency physicians complete an electronic summary with at least one diagnosis for every encounter.
The study hospitals are located in a region with four additional
EDs; all visits are recorded in a uniﬁed database, and patient visits
can be linked with unique provincial health numbers. This study
protocol was approved by the institutional review boards and afﬁliated ethics committees of Providence Health Care, the University
of British Columbia, and Vancouver Coastal Health.
The provincial B.C. Ambulance Service provides prehospital
care. Paramedics are licensed to administered intramuscular epi
in accordance with provincial guidelines,9 although corticosteroid
administration is not within their scope of practice. In the ED
patients were managed at the discretion of the treating physician. ED treatment protocols indicate that all patients who receive
epi must have cardiopulmonary monitoring in a nurse-staffed
stretcher. Electrocardiograms (ECG’s) are ordered by physicians or
nurses if patients develop chest pain. In addition, ancillary testing
such as chest radiographs and cardiac troponins are also typically
ordered in these cases.
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All patients from April 1, 2007 to March 31, 2012, with an ED discharge diagnosis of “allergic reaction” (ICD 9 code 995.3), which was
the only available allergy-related code for physicians within the
electronic medical record, were collected. The following patients
were excluded: those younger than 17 years, those with a primary diagnosis of asthma, those who left prior to assessment by a
nurse or a physician, those whose allergen was considered to be an
angiotensin-converting enzyme (ACE) inhibitor (due to potential
misclassiﬁcation with ACE-induced angioedema), and those who
had a past history of non-allergic angioedema. We performed a
comprehensive chart review of each patient and applied a deﬁnition of anaphylaxis using a previously described, adapted from the
National Institute of Allergy and Infectious Disease/Food Allergy
and Anaphylaxis Network criteria (Fig. 1).1,10,11
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Data collection adhered to robust methodologic standards for
chart reviews and has been described previously.10–13 Brieﬂy, three
investigators (J.L., T.W.Y., and B.G.) who were unaware of the
hypothesis and outcomes of this study, systematically abstracted
data using a standardized collection form after training on a set of
50 records. Weekly meetings were held to monitor performance
and resolve disagreements. Study investigators collected the following data: demographics, past medical history, characteristics
of presentation, treatment with epi injection (self-administered,
intra-muscular or intravenous epi, and whether administration

occurred in the prehospital setting and ED), length of ED stay,
(LOS) and disposition (home, death, or the admission to hospital). The deﬁnition of anaphylaxis, severe anaphylaxis, and biphasic
reaction were applied to each patient encounter (Fig. 1).14 LOS
was deﬁned as the time period from ED registration to discharge,
whether or not the patient was admitted. Overall, ﬁve percent of
patient charts were randomly identiﬁed and reviewed by a second
blinded reviewer; inter-observer agreements have been reported
previously with all kappa {} values >0.9.10,11 In all cases, missing
data were noted in the collection form and undocumented variables
were considered not to be applicable to the patient encounter.
An additional investigator (TK) collected data pertaining to cardiac risk factors, prior history of angina, myocardial infarction, and
revascularization. Two independent abstractors (TK, FS) reviewed
all potential cardiac complications (see below); in cases of disagreement, a third reviewer, blinded to both initial reviews (B.G.),
adjudicated.
Outcome measures
The primary outcome of interest was the proportion of patients
who were treated with epi. The secondary outcome was the
proportion of patients with pre-speciﬁed post-epi cardiovascular
complications; this was further classiﬁed by route of administration; intravenous (IV) or intramuscular (IM). The tertiary outcome
was the proportion of patients who received an excessive dose of
epi, deﬁned as greater than 0.5 mg for intramuscular, or greater
than 100 g for intravenous administration, respectively.6,15–17
Cardiovascular complications after epi injection were deﬁned
as follows: (1) new onset of ventricular ﬁbrillation or tachycardia, atrial ﬂutter or ﬁbrillation, or multifocal atrial tachycardia; (2)
acute stroke, deﬁned as a new neurologic deﬁcit18 ; (3) elevated
cardiac troponin T (above 99th percentile of the upper reference
limit (normal sensitivity troponin, Roche Elecsys, Hoffman Laroche,
Laval, QC; 99th percentile reference limit > 0.01 ng/ml)); and, (4)
the following new ischemic ECG ﬁndings: ST-segment elevation
greater than 1 mm, ST-segment depression greater than 0.5 mm;
left bundle branch block; T-wave inversions, or pathological Qwave changes.19
Seven-day outcomes were obtained by cross-referencing the
patient list with the regional ED database to determine subsequent
ED visits (classiﬁed as allergy-related or unrelated) and the provincial vital statistics database to ascertain mortality.
Statistical analysis
All analyses were performed using STATA version 13.1 (STATA
Corp., College Station, TX). Categorical variables are presented as
percentages and non-normally distributed continuous variables as
medians with interquartile ranges (IQR). In order to demonstrate
the linear trend between the proportion of epi treated patients and
the age, we divided patients into age categories (17–29 years, 30–39
years, 40–49 years, 50–59 years, 60–69 years, and 70 years and
older), and analyzed with the Cochran–Armitage test.20
Study patients were dichotomized by age: older patients were
deﬁned as those 50 years of age and older, based on previous
literature.7 We assessed unadjusted associations of each variable
between two groups by using Mann–Whitney U test, univariate
logistic regression, or Fischer exact test, where applicable. To compare the primary outcome between older and younger patients,
we conducted univariate logistic regression. For the analysis of the
secondary and tertiary outcomes, we conducted univariate exact
logistic regression to estimate the odds ratio (OR) with corresponding 95% conﬁdence intervals (CI) for each association. Due to the
rarity of events, relative risk calculations were not performed.18
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Fig. 1. Deﬁnition of anaphylaxis, severe case of anaphylaxis and biphasic reaction.

Fig. 2. Recruitment diagram involved 492 patients with anaphylaxis managed at two Vancouver area emergency departments.
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Results
During the study period, 2995 patients had a discharge diagnosis of “allergic reaction” at the two sites, and 665 (22.2%) were over
the age of 50. A total of 492 eligible patients, including 122 (24.8%)
older patients, had anaphylaxis (see Fig. 2). Inter-observer agreements () of secondary review for risk factors for coronary disease

were as follows; CABG, PCI, and angina, 1.00 (95% CI 0.86 to 1.00);
myocardial infarction, 0.96 (95% CI 0.80–1.00). Four patients (0.8%)
did not have provincial health numbers and follow-up information
could not be obtained.
Patient demographics and patient characteristics are detailed in
Table 1. The offending allergen for older patients was more likely
to be a drug, and less likely to be food. Although older patients
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increased: 57.9% of patients 17–29 were treated, and 16% of patients
>70 (p < 0.01 for trend; Fig. 3) (Table 2).
Q4
Primary outcome
Of the 492 patients, 269 (54.7%) received epi: 44/122 (36.1%)
older patients and 225/370 (60.8%) younger patients (unadjusted
OR 0.3, 95% CI 0.2–0.5). Older patients were more likely to receive
intravenous epi (5/122 vs 2/370).
Secondary and tertiary outcomes

Fig. 3. The relationship between the proportion of epinephrine treated patients and
age category.
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181
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187

were more likely to report risk factors for coronary disease and
present with neurological symptoms, a similar proportion of older
and younger patients had sBP <90 mmHg upon presentation.
Table 1 shows the proportion of patient with severe anaphylaxis
and biphasic reactions, as well as length of ED stay, disposition,
and 7-day ED revisits or death. A statistically greater proportion
of older patients were admitted to hospital and they had a higher
probability of an allergy-related ED revisit within 7 days, but there
were no deaths in either group.
When analyzing epi administration by increasing age, the proportion of treated patients decreased signiﬁcantly as age category

Post-epi cardiovascular complications are described in Fig. 4. Of
the ﬁve patients, four were over 50, for an unadjusted OR of 22.4,
95% CI 2.1–1129.8, (Table 3).
When examining patients who received epi, classiﬁed by route,
the intravenous (IV) group was more likely to have cardiac complications than the intra-muscular (IM) group (IV: 42.9% [3/7] vs IM:
0.9% [2/217], unadjusted OR 99.6, 95% CI 7.4–∞). Of these complications 3/3 of the IV group, and 0/2 of the IM group involved excessive
dosing. Among those treated with IM epi, the proportion of cardiovascular complications among those older and younger were
1/31 and 1/186 respectively (unadjusted OR 1.09, 95% CI 0.65–∞).
Neither involved excessive dosing.
Overall, 9/269 (3.3%) patients were dosed with excessive epi:
7/44 (15.9%) older patients and 2/225 (0.9%) younger patients
(unadjusted OR 20.7, 95% CI 3.8–211.7).
Discussion
In this retrospective cohort of 492 patients with anaphylaxis, approximately one-quarter were ﬁfty years of age or
older. Although epi was administered in over half the patients,

Fig. 4. Five patients with anaphylaxis who developed to cardiovascular complication after epinephrine injection.
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Table 1

Q7 Patient demographics of 492 patients with anaphylaxis managed at two Vancouver
area emergency departments.
Variable

Older patients
(n = 122)
n or Median

Younger patients
(n = 370)
n or Median

Age (IQR), y
Female sex (%)
History of allergies (%)
History of asthma (%)
Ambulance arrival (%)
Known/suspected allergy
Drug (1/0) (%)
Food (1/0) (%)
Other (1/0) (%)
Allergen unknown (%)

62 (56–71)
57 (46.7)
83 (68.0)
17 (13.9)
40 (32.8)

31 (25–41)
208 (56.2)
273 (73.8)
108 (29.3)
118 (31.9)

48 (39.3)
31 (25.4)
14 (11.5)
29 (23.7)

66 (17.8)
189 (51.1)
39 (10.5)
76 (20.5)

Risk factors for Cardiac complication
Total number of patients with risk
factors (%)
History of CABG (%)
History of PCI (%)
History of Angina (%)
History of Myocardial infarction (%)

8 (6.5)

1 (0.3)

2 (1.7)
0
1 (0.8)
5 (4.1)

0
0
1 (0.3)
0

Vital signs and symptoms
Lowest sBP (IQR), mmHg
sBP <90 mmHg, (%)
Highest respiratory rate (IQR), bpm
Respiratory rate >22 bpm, (%)
Lowest oxygen saturation (IQR), %
Oxygen saturation <95%, (%)
Skin involvement (%)
Mucosal tissue involvement (%)
Respiratory compromise (%)
Gastrointestinal symptoms (%)
Neurological symptoms (%)

115 (99–132)
17 (13.8)
20 (18–24)
40 (39.6)
95 (94–97)
56 (45.5)
108 (88.5)
33 (27.1)
25 (85.3)
7 (5.7)
15 (12.3)

110 (100–122)
45 (12.2)
22 (20–24)
195 (49.4)
97 (94–98)
98 (26.5)
331 (89.5)
107 (28.9)
131 (86.5)
55 (14.9)
15 (4.1)

Severe anaphylaxis (%; 95%CI)

33 (27.1; 19.4–35.8)

Biphasic reaction (%; 95%CI)
Length of ED stay (IQR), hours

0 (0; 0–2.4)
3.0 (2.1–4.9)

79 (21.4;
17.2–25.9)
2 (0.5; 0.1–1.9)
2.8 (1.9–4.1)

Disposition
Home (%; 95%CI)
Death at ED (%; 95%CI)
Admission (%; 95%CI)

116 (95.9; 79.2–114) 368 (99.5;
90.0–110)
0 (0; 0–2.4)
0 (0; 0–0.8)
5 (4.1; 1.3–9.3)
2 (0.5; 0.1–2.0)

Subsequent visit within 7 days after
the index visit
Allergy related visit (%; 95%CI)

13 (10.7; 5.8–17.5)

Not-allergy related visit (%; 95%CI)

10 (8.3; 4.0–14.6)

Subsequent death (%; 95%CI)

0 (0; 0–2.4)

12 (3.2;
1.7–5.6)
23 (6.2;
3.9–9.2)
0 (0; 0–0.8)

Older patients: patients who were aged 50 years and older.
Abbreviations: CABG: coronary artery bypass graft, PCI: percutaneous coronary
intervention, sBP: systolic blood pressure. IQR: interquartile range. CI: conﬁdence
interval. ED: emergency department.
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treatment was signiﬁcantly less likely in older patients, and this
trend was most evident among the oldest patients. Overall, cardiovascular complications among those treated with intramuscular epi
administration were rare in both young and old patients. Excessive
epi dosing—which only occurred with intravenous dosing—was
rare but more common in older patients and occurred in most of
the observed cardiac complications. These data assist clinicians by
highlighting missed opportunities for epi administration in older
patients with anaphylaxis, as well as supporting the safety of intramusclar epi.
It is unclear why fewer older patients received epi; this might
be attributed to clinician reluctance regarding potential cardiovascular complications.8 Our results suggest that intramuscular epi is
safe in both old and young patients. In a study of 297 patients with
anaphylaxis, Campbell reported adverse cardiac events in 8.4%,
although using a slightly different deﬁnition.18 Similarly, Cydulka et

5

Table 2
The number of anaphylactic patients treated with epinephrine injection, spilt by age
groups.

Treatment
Total epinephrine
used (%)
Self-administered
epinephrine (%)
IM injection (%)
Over dose of
IM epinephrine (%)
IV injection (%)
Over dose of IV
epinephrine (%)
Total dose of
epinephrine (IQR),
mg

Older patients
(n = 122)

younger patients (n = 370)

n

n

OR

95% CI

44 (36.1)

225 (60.8)

0.4

0.2–0.6

9 (7.4)

43 (11.6)

0.7

0.3–1.3

31 (25.4)
2 (6.5)

186 (50.3)
1 (0.2)

0.3
–

0.2–0.5

5 (4.1)
5 (4.1)

2 (0.5)
1 (0.2)

14.1
–

2.2–152.6

0.3 (0.3–0.5)

0.3 (0.3–0.3)

–

Older patients: patients who were aged 50 years and older.
Abbreviations: IM: intra-muscular. IV: intravenous. IQR: interquartile range. OR:
odds ratio. CI: conﬁdence interval.
Table 3
Cardiovascular complications among patients with anaphylaxis who were received
at least one epinephrine injection.
Cardiovascular complications

Older patients
with epinephrine
injection (n = 44)
n

Younger patients
with epinephrine
injection
(n = 225)
n

Total number of patients with
cardiovascular complications (%; 95%
CI)
Ventricular ﬁbrillation/tachycardia/
atrial ﬁbrillation (%; 95% CI)
Ischemic ECG (%; 95% CI)
Elevated serum troponin T values (%;
95% CI)
Stroke (%; 95% CI)

4 (9.1; 2.5–21.7)

1 (0.4; <0.1–2.5)

2 (4.5; 0.6–15.5)

0

3 (6.8; 1.4–18.7)
1 (2.2; 0.1–12.0)

1 (0.4; <0.1–2.5)
0

0

0

3 (100)
1 (0)

0
1 (0)

Route
IV (% excessive)
IM (% excessive)

Older patients: patients who were aged 50 years and older.
Abbreviations: CI: conﬁdence interval. IM: intramascular. IV: intravascular.

al. reported that older asthma patients treated with subcutaneous
epi had a similar adverse event (2.6%) proﬁle to younger patients
(1.4%).8
Campbell and co-workers examined differences between age
categories among 220 anaphylaxis patients.7 While older patients
were more likely to be hypotensive at presentation, they demonstrated that a lower proportion of older patients received epi, which
is congruent with our results.7 In our study, older patients were
more likely to be hospitalized and have unscheduled subsequent
ED revisits. Although the reasons behind these differences were
not a focus of this study, they are likely multifactorial, and consistent with previous studies,7,21 which illustrates the need for caution
among this patient population.
Although the vast majority of patients with anaphylaxis were
treated appropriately, 6/9 excessive dosing cases in our study
occurred in patients treated with intravenous epi injections. Interestingly, older patients were more likely to receive intravenous epi,
and all received an excessive dose. The reasons behind this remain
unclear since there was no statistically signiﬁcant difference in
the proportion of severe cases and hypotension between older
and younger patients with anaphylaxis in this study. In a previous
study, an excessive dose of epi was administered to 11.8% (4/34) of
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patients.18 However, older patients who received excessive doses
of epi had a higher proportion of cardiovascular complications in
both studies.18 The existing evidence suggests that intravenous epi
should be avoided, particularly in the elderly.6
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Potential limitations

253
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280

First, this study was conducted at two urban Canadian EDs
where predeﬁned protocols for anaphylaxis were not established,
and our ﬁndings may not be generalizable. Second, this is a retrospective study and undocumented or unmeasured variables may
have underestimated the proportion of those with anaphylaxis;
however, robust methods were used to ensure valid data collection. The overall cohort was identiﬁed from those with a discharge
diagnosis code of “allergic reaction”, which was based on subjective
clinical impression. Thirdly, we deﬁned cardiovascular complications including ventricular arrhythmias, ischemic ECG ﬁndings,
elevated serum troponin T values, and stroke; however, a patient
would have to be symptomatic to trigger such investigation, and
silent events might have been missed. Importantly, it is possible
that physicians refrained from administering epi in those with cardiac disease or cardiac risk factors, thus avoiding adverse events;
this would lead to an underestimation of the true proportion of
post-epi complications. However, current evidence suggests that
intramuscular epi is safe in all patients with anaphylaxis, and there
is no speciﬁc exception for older patients or those with cardiac
disease.6 Finally, the relatively small number of the outcomes in
this study limited the statistical power to detect signiﬁcant associations and perform multivariate analyses, and multiple hypothesis
testing might result in unreliable p values.
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290

In this retrospective study of 492 patients with anaphylaxis at
two urban EDs, older patients with anaphylaxis were less likely
to receive epi injection. Intramuscular epi appears safe; however, the use of intravenous epi should be avoided (especially in
older patients) due to the potential of developing serious cardiac complications. Our data support current recommendations for
administration of IM epi to anaphylactic patients including those
who are older ages.
Commentaries

301

We report the differences in management, and clinical outcomes between older (50 years and older) and younger patients
with anaphylaxis, speciﬁcally examining epinephrine by a retrospective analysis of 492 patients with anaphylaxis at two urban
emergency departments in Canada. We found that older patients
with anaphylaxis were less likely to receive epinephrine treatment. Of those who received epi, older patients were more likely to
receive excessive dose of epi and experienced more cardiovascular
complications, compared to the younger group. When examining
only intra-muscular epinephrine, these complications were few in
either of groups (older patients: 1/31, younger patients: 1/186).
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