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Anaphylaxis is a severe allergic reaction that can lead to death if not treated quickly.

Adrenaline (epinephrine) is the first-line treatment for anaphylaxis and its prompt

administration is vital to reduce mortality. Following a number of high-profile cases,

serious concerns have been raised, both about the optimal dose of intramuscular

adrenaline via an auto-injector and the correct needle length to ensure maximal

penetration every time.

To date, the public data are sparse on the pharmacokinetics–pharmacodynamics

of adrenaline administered via an auto-injector. The limited available literature

showed a huge variation in the plasma concentrations of adrenaline administered

through an auto-injector, as well as variations in the auto-injector needle length.

Hence, delivering an effective dose during an anaphylaxis remains a challenge

for both patients and healthcare professionals. Collaborative work between

pharmacokinetics–pharmacodynamics experts, clinical triallists and licence holders

is imperative to address this gap in evidence so that we can improve outcomes

of anaphylaxis. In addition, we advise inclusion of expertise of human factors in

usability studies given the necessity of carer or self-administration in the uniquely

stressful nature of anaphylaxis.
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1 | INTRODUCTION

Anaphylaxis is a life-threatening reaction that may be induced by aller-

gens.1 Prompt administration of an adrenaline injection as a first-line

treatment is critical for relieving the symptoms of anaphylaxis and

preventing fatalities.1 People who are at risk of severe allergic reactions

are often prescribed adrenaline auto-injectors to be used as emergency

first aid in serious hypersensitivity reactions until medical help arrives.2

Adrenaline auto-injectors (AAIs) have been designed to adminis-

ter adrenaline intramuscularly (IM) into the lateral thigh by patients,

relatives or their carers, to obtain a rapid response in anaphylaxis.3

Several commercially available AAIs have been approved by health

regulators worldwide. For example, in Europe, 4 AAI products are

authorised and marketed for use in adults and children: Anapen,

Emerade, EpiPen and Jext.4 Several factors may affect the delivery of

adrenaline to reach the muscle layer, such as needle length and skin-
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to-muscle depth (STMD).5,6 Another variable between the devices is

their delivery mechanism. Some AAIs are cartridge injection systems,

whereas others are syringe-based systems. The main difference being

that in a cartridge-based system the needle is not attached to the

glass body in which the drug is contained. Both types contain a firing

mechanism but this can vary even within devices with the same deliv-

ery mechanism.7 Following some high-profile fatalities after use of

AAIs and concerns of potential underdosing, uncertainties have been

identified about the accuracy and safety of adrenaline delivery using

an AAI. In 2010, a 19-year-old girl died following exposure to peanuts,

despite injecting herself twice with adrenaline via an autoinjector

device. A pathologist's report suggested the needles had failed to pen-

etrate the muscle, and instead had been injected subcutaneously.

Some of the points highlighted by the coroner were concerns about

the needle length of AAIs and to which site of the body adrenaline

should be administered.8 In 2015, a review of all the AAIs marketed in

Europe was conducted by the Committee for Medicinal Products for

Human Use (CHMP) to explore the concerns that the available AAIs

did not adequately deliver adrenaline intramuscularly due to needle

length.9 One of the key recommendations from the CHMP review

was that AAI manufacturers should conduct pharmacokinetic–

pharmacodynamic (PKPD) studies with adrenaline administered using

their AAIs to help understand how adrenaline penetrates body tissues

when given with different auto-injectors.9 Unfortunately, another

case in 2016 was highlighted in the news where a 15-year-old girl

died of an anaphylaxis reaction after eating a pre-prepared baguette

that contained sesame to which she was allergic.10 Even though

adrenaline was administered twice using an AAI (EpiPen), the girl died

later in the hospital. The coroner reported that the needle of the Epi-

Pen device used was 16 mm and the dose given was 300 μg stating

that the EpiPen's “inadequate dose of adrenaline for anaphylaxis and

an inadequate length needle” raised serious concerns.11 According to

the UK Resuscitation Council, a needle length of 25 mm is optimal for

adrenaline injection to access muscle for all ages, and the rec-

ommended emergency dose of adrenaline is 500 μg for adults and

children older than 12 years.12 None of the 3 currently licensed

autoinjectors in the UK (Emerade, EpiPen, Jext) meet the optimal nee-

dle length, the longest being 23 mm. In addition, only 1 of the

3 autoinjectors is available as a 500-μg dose, with the other 2 being

limited to 300 μg as the maximum dose available in each device.13–15

The aim of this review is to summarise the evidence base underly-

ing dosing recommendations for administration of adrenaline using

auto-injectors for anaphylactic reactions based on the published

PKPD literature.

2 | METHODS

2.1 | Study selection

A systematic literature search was conducted using the PubMed and

EMBASE databases (from inception up to 13th March 2019) for rele-

vant studies using combinations of keywords: Adrenaline OR

Epinephrine, AND Auto-injector* OR Auto injector* OR Automatic

injector* OR Pen* OR self-injectable OR (equipment AND supplies),

AND Intramuscular OR IM OR Injection* OR ‘Intramuscular absorp-

tion’, AND Pharmacokinetics OR PK OR Pharmacodynamics OR PD

OR Pharmacology OR Drug-Related side effects OR adverse reactions

OR Drug Monitoring OR Pharmacovigilance OR Adverse drug reaction

OR monitoring, physiologic OR TDM OR therapeutic drug monitoring,

AND Anaphylaxis OR Anaphylactic.

Studies were included if they reported original research involving

the use of adrenaline intramuscularly for the treatment of anaphylaxis;

detailed the injection method or device; and specified the needle

length. Exclusion criteria were as follows: nonhuman studies; adrena-

line given by other routes; not given for anaphylaxis; review articles,

letters, editorials, conference abstracts and opinion articles; and those

not published in the English language.

2.2 | Data abstraction and synthesis

A systematic approach was applied for data abstraction and syn-

thesis as detailed in the protocol [PROSPERO registration number

(CRD42019119926)].16 The primary outcome of interest was stud-

ies reporting effective treatment or treatment failure of anaphylaxis

using adrenaline delivered via AAIs. Secondary outcomes were

reported needle lengths associated with treatment failures and

adverse events.

The databases were searched using the above search terms by

1 reviewer (J.M.) and a list of potential eligible articles was generated

based on titles and abstracts screening. Full text review was con-

ducted independently by 2 reviewers (J.M., A.N.R.) using the inclusion

and exclusion criteria. Any disagreement was resolved by a third

reviewer (Y.J.). For included studies, the following data were

extracted: patient age, weight or body mass index (BMI; if docu-

mented), device used to administer the adrenaline, dose administered,

needle length, effective treatment of anaphylaxis, any adverse events

and any PKPD parameters reported.

3 | RESULTS

In total, 173 articles were identified using the search criteria, with

166 remaining following the removal of duplicates. Although 18 of

the 166 were identified for full text review, none of these fully

met our inclusion criteria (Figure 1). Review of the title and

abstracts (n = 166) identified 10 studies that provided data for

our outcomes of interest: those reporting PK data following admin-

istration of adrenaline in a controlled environment (3 studies); and

those using radiological imaging to measure STMD and skin-

to-bone depth (STBD) to determine the appropriate needle length

to deliver adrenaline intramuscularly into the lateral thigh (7 stud-

ies). Additional articles were found from the referenced list of the

included articles. These included a further 2 PK studies and 4 imag-

ing studies, producing a total of 16 studies for our assessment.
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We report the findings from the sixteen studies that provided

data for outcomes of interest using 2 main approaches: PK studies

and ultrasound studies.

3.1 | PK studies

Five PK studies were identified, with variable peak plasma concentra-

tions of adrenaline reported depending on route and time after

administration (Table 1). The reported PK parameters: peak plasma

concentrations (Cmax), time of maximum concentration (Tmax) and area

under the curve (AUC) are presented in Table 1. All the studies

reported Cmax; however, due to the inconsistency between study

cohorts and variation in adrenaline plasma concentrations between

studies, it was not possible to pool results for further statistical analy-

sis and inform the dosing of adrenaline in anaphylaxis situation.

Duvauchelle et al.17 demonstrated no difference in Cmax, Tmax

or AUC between IM and subcutaneous (SC) administration

(although intended to be IM, ultrasound scans demonstrated adren-

aline was administered SC in 10 of 12 women, all of whom were

overweight, with a mean BMI of 29.7 kg/m2), whereas Simons

et al.20 showed peak plasma concentrations to be much lower fol-

lowing SC compared to IM administration with the same 0.3 mg

dose (2877 vs 12 222 pg/mL). However, this same study also

showed that IM injection of 0.3 mg of adrenaline via the needle

and syringe method into the deltoid achieved an even lower peak

plasma concentration (1821 pg/mL).

There was also considerable variation in the peak plasma concen-

trations recorded after a single 0.3 mg dose of IM adrenaline ranging

from 402 pg/mL in Duvauchelle et al.,17 to 12 222 pg/mL in Simons

et al.20 Even in studies conducted by the same author (Simmons),

there was a considerable variation in Cmax following IM injection with

an EpiPen 0.3 mg (2136 pg/mL,19 12 222 pg/mL20 and 2289 pg/mL21).

Although the value for Tmax was not reported in most studies, graphs

representing plasma concentrations showed a biphasic response to IM

adrenaline. The initial spike in adrenaline concentration seemed to

occur within the first 15 minutes and then a second spike

30–60 minutes later. In Duvauchelle et al.,17 this second spike was

consistently higher than the initial peak plasma concentration.

3.2 | Imaging studies

Eleven studies were identified involving the use of imaging, mainly

ultrasound (USS) to determine the STMD (Table 2). Of these, 8 were

in paediatric subjects and 6 also investigated STBD. Studies used the

needle length from AAIs to gauge whether the proposed injection

would lead to the adrenaline being administered within the muscle

layer. If the STMD was greater than the needle length, this would lead

to the adrenaline being administered within the SC tissue. If the STBD

F IGURE 1 PRISMA flow diagram for
systematic review. Sixteen studies that
provided information about our outcomes
of interest were analysed
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was shorter than the needle length, then this would lead to the adren-

aline being administered within the periosteal layer or bone.

The results showed that adults were disproportionately at risk of

adrenaline being administered SC whereas children were more at risk

of periosteal or intraosseous (IO) injection. For adults a needle length of

≥23 mm was associated with the lowest number of potential SC injec-

tions.27 For children <30 kg, the 7.5mmneedle (Auvi-Q) was associated

with no risk of periosteal/IO injection.27 However, due to its short nee-

dle length, the risk of SC injection was as high as 69% in those weighing

<15 kg.27 In this weight category, the next available needle length

(approximately 13 mm) was shown to have a high risk of periosteal/IO

injection in 3 studies: 29%,30 32%27 and 43%.31 In 2 paediatric studies,

allowing for variation in study design, Emerade (16 mm [150 μg] and

23 mm [300 μg]) seemed to be associated with the most favourable

results with a 2% risk of SC injection and no risk of periosteal/IO injec-

tion in anyweight cohort (no pressure appliedwhen using USS tomimic

device).26,27 However, in another paediatric study where a slightly lon-

ger needle was used as the reference (25.4 mm), again with no pressure

being applied during USS, the risk of periosteal/IO injection was as high

as 12% in those aged 2–5 years.32

Apart from needle length, the other risk factors for adrenaline being

administered SC, and not IM, were an increased BMI6,25,26,28,29,32–34

and female sex for adults (independent of BMI).6,29,33 Johnstone et al.29

reported in their study that 87% of females were at risk of SC injection

compared to 0% of males. In this study, the BMI range was higher for

females (21.9–46 kg/m2) compared to males (18–29.4 kg/m2), but even

in patients with a similar BMI, women were still at increased risk of SC

injection, including some females who had a normal BMI. Bhalla et al.6

and Song et al.33 also reported similar findings (54% [females] vs 5%

[males] and 42% [females] vs 2% [males], respectively). Interestingly

Bewick et al.25 also found that the anatomical site of the thigh where

the AAI is injected may also have an impact on whether the adrenaline

is delivered IM or SC, with the proximal thigh having the highest risk of

SC injection, particularly in children >30 kg (61%).

4 | DISCUSSION

It is widely agreed that adrenaline is an essential life-saving medicine

when used promptly and effectively in anaphylaxis. This review was

prompted by the ongoing questions raised by coroner inquests into

those patients who have unfortunately died in whom adrenaline

autoinjectors are suspected to have been ineffective.8,10 Product

design becomes fundamental in ensuring that an adrenaline auto-

injector is intuitive and easy to use thus enabling the full dose to be

delivered. The critical variable features in authorised products

seem to be length of needle, concentration of solution and delivery

mechanism. Adrenaline itself is an old medicine and so is likely to be

authorised in the EU based on well-established use supported by bib-

liographic evidence. Thus, we would expect the supporting evidence

to be public and available for assessment justifying a systematic litera-

ture review based on recognised criteria. To our knowledge, this is the

first review to use a systematic approach to summarise evidenceT
A
B
L
E
1

Su
m
m
ar
y
o
f
P
K
st
ud

ie
s

A
ut
ho

r,
ye

ar
A
ge

Su
bj
ec

t
nu

m
be

r
D
ev

ic
ea

A
dm

in
is
tr
at
io
n
ro
ut
e
an

d
do

se
M
ea

n
C
m
a
x

(p
g/
m
L)

b
T m

a
x
(h
)b

A
U
C
†
(h

pg
/m

L)
C
o
m
m
en

ts

D
uv

au
ch

el
le

et
al
.,

2
0
1
8
1
7

M
ea

n
3
0

A
na

pe
n

IM
0
.3

m
g

M
al
e

0
.2
1 ±
0
.1
2

6
9
.3

±
5
4
.0

(0
–2

0
m
in
)

T
h
e
P
K
an

al
ys
is
sh
o
w
ed

th
er
e
w
as

n
o
co

n
si
d
er
ab

le

d
if
fe
re
n
ce

b
et
w
ee

n
T m

ax
,C

m
ax
an

d
A
U
C
.T

h
e

u
lt
ra
so
u
n
d
re
su
lt
s
fo
r
n
o
rm

al
w
ei
gh

t
m
en

co
n
fi
rm

ed
th
e
ad

re
n
al
in
e
in
je
ct
io
n
s
w
er
e
lo
ca
te
d

IM
in

al
lc
as
es

ex
ce
p
t
1
(A
n
ap

en
d
ev

ic
e)
.W

h
ile

fo
r

o
ve

rw
ei
gh

t
w
o
m
en

,i
n
1
0
ca
se
s
ad

re
n
al
in
e

in
je
ct
io
n
s
w
er
e
lo
ca
te
d
SC

,w
it
h
o
n
ly

1
se
en

in
th
e

m
u
sc
le

an
d
1
u
n
d
et
er
m
in
ed

.A
d
re
n
al
in
e

co
n
ce
n
tr
at
io
n
s
b
ef
o
re

d
o
si
n
g
w
er
e
n
o
t

q
u
an

ti
fi
ab

le
(<
3
9
.0
6
p
g/
m
L)
,c
o
n
fi
rm

in
g
ve

ry
lo
w

le
ve

lo
f
en

d
o
ge

n
o
u
s
ci
rc
u
la
ti
n
g
ad

re
n
al
in
e
in

re
st
in
g
ad

u
lt
s.

IM
in
je
ct
io
ns

ad
m
in
is
te
re
d
in
to

m
id

an
te
ro
la
te
ra
l
th
ig
h
un

le
ss

o
th
er
w
is
e
do

cu
m
en

te
d.

A
U
C

=
ar
ea

un
de

r
th
e
cu

rv
e;

C
m
ax

=
m
ax
im

um
(p
ea

k)
pl
as
m
a
co

n
ce
n
tr
at
io
n
;
F
=
fe
m
al
e;

IM
=
in
tr
am

u
sc
u
la
r;
M

=
m
al
e;

N
R
=
no

t
re
po

rt
ed

;P
K
=
ph

ar
m
ac
o
ki
ne

ti
c;
SC

=
su
bc

ut
an

eo
us
;T

m
ax
=
ti
m
e
o
f
m
ax
im

um
dr
ug

co
nc

en
tr
at
io
n;

SE
M

st
an

da
rd

er
ro
r
m
ea

su
re
m
en

t;
C
V
=
co

ef
fi
ci
en

t
o
f
va
ri
at
io
n
.

a
N
ee

dl
e
le
ng

th
s
as

do
cu

m
en

te
d
by

m
an

uf
ac
tu
re
r:
A
na

pe
n
1
0
m
m
±
1
.5

m
m

2
2
;A

uv
i-
Q

(n
o
t
do

cu
m
en

te
d)

2
3
;E

pi
P
en

ap
pr
o
x.
1
6
m
m

1
4
;E

pi
P
en

Jr
ap

pr
o
x.
1
3
m
m
.2
4

b
V
al
ue

s
ar
e
pr
es
en

te
d
w
it
h
±
st
an

da
rd

de
vi
at
io
n,

un
le
ss

o
th
er
w
is
e
sp
ec
if
ie
d.

N
A
=
N
o
t
ap

pr
o
pr
ia
te

to
dr
aw

co
nc

lu
si
o
ns

ba
se
d
o
n
th
e
an

al
ys
is
o
f
m
ed

ia
n
va
lu
es

al
o
ne

du
e
to

th
e
hi
gh

va
ri
ab

ili
ty
.

4 MOSS ET AL.



T
A
B
L
E
2

Su
m
m
ar
y
o
f
id
en

ti
fi
ed

im
ag
in
g
st
ud

ie
s

A
ut
ho

r,
y

A
ge

U
SS

m
et
ho

d
Su

b
je
ct
s
n
(w

t.
)

N
ee

dl
e
le
ng

th
(m

m
)

%
at

ri
sk

o
f
SC

in
je
ct
io
n

%
at

ri
sk

o
f
IO

in
je
ct
io
n

C
o
m
m
en

ts

B
ew

ic
k
et

al
.,

2
0
1
3
2
5

1
–1

6
y

U
SS

o
f
la
te
ra
l

th
ig
h
(x
3
)a

nd

m
id
-c
al
f

6
2
(<
3
0
kg

)
1
2
.7

2
7
%

pr
o
xi
m
al
th
ig
h

N
o
t
as
se
ss
ed

W
ei
gh

t,
B
M
Ia

n
d
w
ai
st

ci
rc
u
m
fe
re
n
ce

w
er
e
p
re
d
ic
ti
ve

o
f
ch

ild
re
n
w
h
o
se

ST
M
D

w
as

gr
ea

te
r
th
an

th
e
A
A
I

n
ee

d
le

le
n
gt
h
.A

ss
es
sm

en
t
w
as

al
so

m
ad

e
w
it
h
‘a
d
d
it
io
n
al
p
re
ss
u
re
’t
o

m
im

ic
A
A
Iu

se
an

d
th
e
au

th
o
rs

fo
u
n
d

th
at

it
w
o
u
ld

n
o
t
h
av
e
al
te
re
d
th
e

p
ro
p
o
rt
io
n
o
f
ch

ild
re
n
w
h
o
se

in
je
ct
io
n

w
as

SC
ra
th
er

th
an

IM
.

1
6
%

m
id
-t
hi
gh

N
o
t
as
se
ss
ed

2
%

di
st
al
th
ig
h

Se
e
co

m
m
en

ts

0
%

m
id
-c
al
f

N
o
t
as
se
ss
ed

3
1
(>
3
0
kg

)
1
5
.9

6
1
%

pr
o
xi
m
al
th
ig
h

N
o
t
as
se
ss
ed

ST
B
D

w
as

m
ea

su
re
d
in

1
1
ch

ild
re
n
.

N
o
n
e
h
ad

a
ST

B
D

le
ss

th
an

th
e

n
ee

d
le

le
n
gt
h
.

2
9
%

m
id
-t
hi
gh

N
o
t
as
se
ss
ed

1
3
%

di
st
al
th
ig
h

Se
e
co

m
m
en

ts

0
%

m
id
-c
al
f

N
o
t
as
se
ss
ed

B
ha

lla
et

al
.,

2
0
1
3
6

1
8
–5

5
y

U
SS

o
f
A
LT

w
it
h

pr
es
su
re

a

1
2
0

1
5
.9

3
1
%
,(
5
4
.4
%

f,
5
%

m
)

N
o
t
as
se
ss
ed

B
M
Ia

n
d
th
ig
h
ci
rc
u
m
fe
re
n
ce

si
gn

if
ic
an

tl
y

as
so
ci
at
ed

w
it
h
ST

M
D

D
re
bo

rg
et

al
.,

2
0
1
6
2
6

<
1
8
y

U
SS

o
f
A
LT

w
it
h

pr
es
su
re

a

1
0
2
(1
5
–3

0
kg

)
1
2
.7

1
%

1
1
%

1
6
m
m

an
d
2
3
m
m

n
ee

d
le
s
re
p
re
se
n
te
d

E
m
er
ad

e
1
5
0
an

d
3
0
0
μg

re
sp
ec
ti
ve

ly

(n
o
ad

d
it
io
n
al
p
re
ss
u
re

ap
p
lie
d
)

1
5
.7

0
%

3
7
%

1
6

0
%

0
%

1
0
0
(>
3
0
kg

)
1
5
.2

9
%

3
%

1
5
.7

9
%

3
%

2
3

2
%

0
%

D
re
bo

rg
et

al
.,

2
0
1
8
2
7

0
.2
–7

2
y

U
SS

o
f
A
LT

w
it
h

pr
es
su
re

a

1
0
0
(<
1
5
kg

)
7
.5

6
9
%

0
%

1
6
m
m

an
d
2
3
m
m

n
ee

d
le
s
re
p
re
se
n
te
d

E
m
er
ad

e
1
5
0
an

d
3
0
0
μg

re
sp
ec
ti
ve

ly

(n
o
ad

d
it
io
n
al
p
re
ss
u
re

ap
p
lie
d
)

1
3

0
%

3
2
%

1
6

1
%

0
%

1
0
2
(1
5
–3

0
kg

)
7
.5

5
4
%

0
%

1
3

0
%

1
0
%

1
6

0
%

0
%

1
0
0
(>
3
0
kg

)
1
5

1
2
%

3
%

2
3

2
%

0
%

9
9
(a
du

lt
s)

b
1
5

3
3
%

0
%

2
3

1
0
%

0
%

D
uo

ng
et

al
.,

2
0
1
7
2
8

<
1
8
y

U
SS

o
f
A
LT

no

ad
di
ti
o
na

l

pr
es
su
re

1
1
0
(7
.5
-2
5
kg

)
1
3

0
.9
%

0
%

P
at
ie
n
ts

w
it
h
a
h
ig
h
er

B
M
Ih

ad
an

in
cr
ea

se
d
ST

M
D

an
d
ST

B
D

7
7
(≥
2
5
kg

)
1
6

5
%

0
%

Jo
hn

st
o
ne

et
al
.,

2
0
1
5
2
9

1
8
–7

5
y

U
SS

o
f
A
LT

an
d

an
te
ri
o
r
th
ig
h

2
8
(N

R
)b

1
5

6
8
%

(8
7
%

f,
0
%

m
)

N
o
t
as
se
ss
ed

E
ve

n
in

m
al
es

an
d
fe
m
al
es

w
it
h
a

si
m
ila
r
B
M
It
h
e
ri
sk

o
f
SC

in
je
ct
io
n

(C
o
n
ti
n
u
es
)

MOSS ET AL. 5



T
A
B
L
E
2

(C
o
nt
in
ue

d)

A
ut
ho

r,
y

A
ge

U
SS

m
et
ho

d
Su

b
je
ct
s
n
(w

t.
)

N
ee

dl
e
le
ng

th
(m

m
)

%
at

ri
sk

o
f
SC

in
je
ct
io
n

%
at

ri
sk

o
f
IO

in
je
ct
io
n

C
o
m
m
en

ts

no
ad

di
ti
o
na

l

pr
es
su
re

in
w
o
m
en

w
as

st
ill
h
ig
h
er
.K

ey

p
re
d
ic
to
rs

fo
r
ri
sk

o
f
SC

in
je
ct
io
n
w
er
e

a
B
M
I>

3
0
an

d
b
ei
n
g
fe
m
al
e.

K
im

et
al
.,

2
0
1
4
3
0

M
ed

ia
n
1
7
m
o

U
SS

o
f
A
LT

w
it
h
pr
es
su
re

a

1
0
0
(<
1
5
kg

)
1
2
.7

0
%

2
9
%

Su
b
an

al
ys
is
sh
o
w
ed

th
o
se

<
1
0
kg

h
ad

6
0
%

ri
sk

o
f
IO

in
je
ct
io
n

K
im

et
al
.,

2
0
1
7
3
1

M
ea

n
1
9
m
o

U
SS

o
f
A
LT

w
it
h
pr
es
su
re

a

5
1
(7
.5
-1
5
kg

)
1
2
.7

0
%

4
3
.1
%

Su
b
an

al
ys
is
sh
o
w
ed

th
o
se

w
ei
gh

in
g

7
.5

kg
h
ad

5
4
.9
%

ri
sk

o
f
IO

in
je
ct
io
n
.

M
an

uy
ak
o
rn

et
al
.,

2
0
1
8
3
2

1
m
–1

8
y

U
SS

o
f
A
LT

no

ad
di
ti
o
na

l

pr
es
su
re

7
5
1
m

−
2
yb

1
5
.8

9
.3
%

1
.3
%

B
M
I,
th
ig
h
ci
rc
u
m
fe
re
n
ce

an
d
w
ei
gh

t

w
er
e
co

rr
el
at
ed

w
it
h
ST

M
D

an
d
ST

B
D

2
5
.4

0
%

3
8
.7
%

3
8
.1

0
%

1
0
0
%

7
5
(>
2
–5

y)
b

1
5
.8

4
%

0
%

2
5
.4

0
%

1
2
%

3
8
.1

0
%

9
6
%

7
5
(>
5
–1

0
y)

b
1
5
.8

1
6
%

0
%

2
5
.4

0
%

1
.3
%

3
8
.1

0
%

5
3
.3
%

7
5
(>
1
0
–1

8
y)

b
1
5
.8

2
9
.9
%

0
%

2
5
.4

5
.4
%

0
%

3
8
.1

0
%

1
4
.3
%

So
ng

et
al
.,

2
0
0
5
3
3

2
0
–8

7
y

C
T
sc
an

o
f

th
e
th
ig
h

1
0
0
(N

R
)b

1
4
.3

4
2
%

f,
2
%

m
N
o
t
as
se
ss
ed

E
ve

n
af
te
r
co

n
tr
o
lli
n
g
fo
r
B
M
I,

w
o
m
en

st
ill
h
ad

a
gr
ea

te
r
ST

M
D
.

St
ec
he

r
et

al
.,

2
0
0
9
3
4

1
–1

2
y

U
SS

o
f
A
LT

no

ad
di
ti
o
na

l

pr
es
su
re

1
5
8
(<
3
0
kg

)
1
2
.7

1
2
%

N
o
t
as
se
ss
ed

B
M
Ih

ad
a
st
at
is
ti
ca
lly

si
gn

if
ic
an

t

im
p
ac
t
o
n
th
e
p
ro
b
ab

ili
ty

th
at

n
ee

d
le

en
gt
h
w
as

ex
ce
ed

ed
.

9
8
(>
3
0
kg

)
1
5
.9

3
0
%

N
o
t
as
se
ss
ed

A
LT

=
an

te
ro
la
te
ra
lt
hi
gh

;B
M
I=

bo
dy

m
as
s
in
de

x;
C
T
=
co

m
pu

te
d
to
m
o
gr
ap

hy
;f

=
fe
m
al
e;

IO
=
in
tr
ao

ss
eo

us
in
je
ct
io
n;

m
=
m
al
e;

N
R
=
no

t
re
po

rt
ed

;S
C
=
su
b
cu

ta
n
eo

u
s;
ST

B
D

=
sk
in

to
b
o
n
e
d
ep

th
;

ST
M
D

=
sk
in

to
m
us
cl
e
de

pt
h;

U
SS

=
ul
tr
as
o
un

d;
*w

ei
gh

t
no

t
re
po

rt
ed

;w
t.
=
w
ei
gh

t.
a P
re
ss
ur
e
ap

pl
ie
d
to

m
im

ic
A
A
Iu

se
.

b
W

ei
gh

t
no

t
re
co

rd
ed

.

6 MOSS ET AL.



about PKPD of AAIs. Although the evidence is limited, our findings

highlight a wide variation in maximum plasma concentrations of

adrenaline reported depending on the actual route of administration

and the time after administration.17–21 Simons et al. showed plasma

concentrations of adrenaline following IM injection of normal saline,

to be higher than following a dose of 0.5 mg adrenaline in another

study.17,20 There are several possible explanations for the variations

seen, for example, the use of different analytical approaches, differ-

ences in PK parameters examined, heterogeneous populations and a

small sample size. None of the PK studies included in this review

followed the key guidelines for reporting population PK modelling

recommended by the US Food and Drug Administration guidance for

the industry or the European Medicines Agency guidelines on

reporting results of PKPD for population PK analysis.35,36 Thus, we

were unable to conduct further pooling and analysis of the results to

derive a consensus about optimal dosing of adrenaline via an auto-

injector in anaphylaxis.

The variation in the AAI needle lengths across included studies is

consistent with the exposed needle lengths of AAIs currently on the

market, which range between 7.4 and approximately 23 mm.13,37

Our review illustrates the challenges of delivering effective doses

based on product design and usability. The lowest dose AAI intended

for those <15 kg with a needle length of 7.4 mm is unlikely to hit

bone but may also deliver the adrenaline SC rather than IM.27 The

next needle size of approximately 13 mm comes with around a 43%

chance of hitting the bone in the same patient population.31 At the

other end of the spectrum, adults, particularly women with an

increased BMI have a 87% risk of SC injection.29 This might be

because women tend to have their subcutaneous tissue distributed

more around the hip and/or thigh area, while men tend to have more

a central distribution of adipose tissue.38 These findings are reflected

in the product literature for some AAIs. For example, both the

Jext and EpiPen summaries of product characteristics state that PK

studies suggest that adrenaline absorption may be slower in in

patients with a thick subcutaneous fat layer (STMD >20 mm). Jext

report that adrenaline administered via the Jext device showed

consistently lower exposure in the first 30 minutes following admin-

istration when compared to manual IM injection in the STMD

>20 mm cohort.15 EpiPen report that female subjects with a thick

subcutaneous fat layer (>20 mm STMD under maximum compres-

sion) had slower adrenaline absorption reflected in a trend to lower

plasma exposure in such subjects in the first 10 minutes following

injection.14 In contrast to Jext, overall adrenaline exposure from 0 to

30 min for all groups of subjects receiving EpiPen exceeded exposure

resulting from syringe delivery.14 However, a trend to higher adrena-

line concentrations following EpiPen compared to manual IM

injection in healthy subjects who have well perfused subcutaneous

tissue cannot necessarily be applied to patients in established ana-

phylactic shock who will be peripherally shut down with diversion of

blood from skin to leg muscles.14

UK and US recommendations on needle length for IM injection

when treating an anaphylactic reaction are a 25-mm needle for most

age groups, except for some adults (males weighing >118 kg and in

females weighing >90 kg) who may require a longer needle of

38 mm depending on weight and preterm or very small infants who

require a shorter 16 mm needle.12,39 This advice is based on experi-

ence from IM vaccination and administration with a needle and

syringe and does not consider the additional force exerted by the

patient or the AAI needle delivery mechanism. The CHMP report

published in 2015 highlighted several studies that showed that the

contents of AAIs can be delivered to a depth greater than that of the

exposed length of the needle.9 However, none of these were con-

ducted on human tissue. In the CHMP assessment report, there was

concern that the fascia lata between the subcutaneous tissue layer

and the muscle may prevent the propulsion of adrenaline into the

muscle if the needle is unable to breach the fascia.9 However, this

concern is not mentioned in the corresponding summaries of product

characteristics. At present there is no EU authorised AAI with a nee-

dle length of 38 mm available.

This review has several limitations. We were unable to identify

studies that fully met our inclusion criteria and therefore relied on PK

studies involving patients who did not have anaphylactic reactions

and imaging studies to derive the outcomes of interest. Some of the

studies identified in our review were sponsored by industry, and that

may have a risk of publication bias. We also acknowledge that some

imaging studies may have been missed as this was not related to our

initial research question, which was mainly focused on the PKPD of

adrenaline in a person experiencing anaphylaxis.

Any possible influence of human factors on the injection tech-

nique and use of authorised AAIs for the treatment of anaphylaxis,

a stressful emergency, has to our knowledge received limited exami-

nation and is recognised in the CHMP report, which stated that “an

important parameter that needs to be considered is how competent

patients, or carers of patients, are in actually using AAIs”.9 Although

no full PKPD studies with target identification including information

on PK modelling and validation were reported at the time of publi-

cation, 2 clinical trials have been conducted. One study explored

the PKPD of adrenaline administered in healthy subjects (18–54 y)

with different STMDs40 and a second trial focused on the PK of

2 different doses of adrenaline administered via auto-injectors intra-

muscularly to teenagers with food allergies as well as the impact of

using 2 different needle lengths.41 These studies may address some

of the gaps identified in our review and add to the evidence for

optimal dosing and needle length for the use of adrenaline for the

management of anaphylactic reactions in older children and adults.

However, these types of trial are far removed from the reality of

use of AAIs.

It is worth highlighting that the coroner of the teenager death in

2016, raised a concern about the inappropriateness of the adrenaline

administered dose, and the inadequate needle length of the AAI

(EpiPen) used (personal communication). The adrenaline dose in

EpiPen was 300 μg, and the EpiPen needle length was 16 mm, which

is suitable for small or prepubertal child according to the UK Resusci-

tation Council.10 The recommend dose in an emergency treatment in

anaphylaxis reaction, according to the UK Resuscitation Council is

500 μg for adult and children aged >12 years, and the preferred
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needle length to administer adrenaline via IM route is 25 mm.10 Con-

sidering the data summarised in our paper, it is not possible to quanti-

tatively demonstrate whether the dose may have been insufficient, or

the exposure was too low in fatal cases. Also, because of the variabil-

ity in adrenaline plasma concentrations reported in the PK studies, we

were not able to determine the relationship of plasma concentrations

after injection to physiological concentrations.

Given the scarcity of the evidence on adequate dosing of such

widely used life-saving medication as the AAI included in this review,

there is a need for an international collaboration between those with

PKPD expertise and clinical trial networks to tackle this evidence gap.

Currently, AAIs are authorised as a medicine and not a device. We

advise that given the unique nature of AAIs and their great public

health importance, regulatory assessment should combine both phar-

maceutical and device usability assessment. We suggest that the

World Health Organisation develop a monograph to cover quality,

safety, efficacy and usability of AAIs.

5 | CONCLUSION

Our review identified variability in reported plasma concentrations

following injection of adrenaline using recommended routes and

devices licensed for the treatment of anaphylaxis in adults and chil-

dren. None of these studies were performed during anaphylaxis,

where patients may become hypotensive, and have vasodilatation and

increased vascular permeability.42 We therefore do not know the true

absorption of adrenaline during anaphylaxis. One possible way to

gather these data would be during food challenge and other allergy

testing admissions. If patients develop anaphylaxis, they could admin-

ister their AAI, a cannula would be inserted as part of the manage-

ment of the anaphylaxis and PK samples could be taken from this

opportunistically. The severity of an allergic reaction can range from

mild local symptoms to anaphylactic shock. Scoring algorithms are

available and should be used in any PKPD studies during anaphylaxis

to ensure consistency in the perceived severity of each reaction.43

Further research is required using recommended PK modelling

approaches. The influence of human factors on product design and

having to use these drug devices under stress as an emergency also

requires further study. Ultimately, international consensus reflected in

a World Health Organisation monograph is required.

COMPETING INTERESTS

Authors J.M., Y.J., B.E., S.T. and A.N.R. declare that they have no con-

flicts of interest that are directly related to the contents of this review.

CONTRIBUTORS

Conception: A.N.R. and B.E. Design and review protocol: J.M., A.N.R.,

Y.J. Data search, articles selection: J.M. and A.N.R. Data extraction,

analysis and interpretation: J.M., A.N.R., Y.J. Manuscript draft: J.M.,

A.N.R., Y.J. B.E. and S.T. critically reviewed and checked the manu-

script draft. All authors approved the final version of the manuscript.

ORCID

James Moss https://orcid.org/0000-0003-4330-3805

Yogini Jani https://orcid.org/0000-0001-5927-5429

Brian Edwards https://orcid.org/0000-0002-7241-1787

Asia N. Rashed https://orcid.org/0000-0003-1313-0915

REFERENCES

1. Lieberman P, Nicklas RA, Randolph C, et al. Anaphylaxis--a practice

parameter update 2015. Ann Allergy Asthma Immunol. 2015;115(5):

341-384. https://doi.org/10.1016/j.anai.2015.07.019

2. Chime NO, Riese VG, Scherzer DJ, et al. Epinephrine auto-injector

versus drawn up epinephrine for anaphylaxis management: a scoping

review. Pediatr Crit Care Med. 2017;18(8):764-769. https://doi.org/

10.1097/PCC.0000000000001197

3. Song TT. Epinephrine needle leng%3Dth in autoinjectors and why it

matters. J Allergy Clin Immunol Pract. 2018;6(4):1264-1265. https://

doi.org/10.1016/j.jaip.2017.11.035

4. MHRA. Adrenaline auto-injectors: A review of clinical and quality

considerations. 2014. https://webarchive.nationalarchives.gov.uk/

20141206194429/http://www.mhra.gov.uk/home/groups/comms-ic/

documents/websiteresources/con423091.pdf. Accessed December

20, 2019.

5. Brown JC. Epinephrine, auto-injectors, and anaphylaxis: challenges of

dose, depth, and device. Ann Allergy Asthma Immunol. 2018;121(1):

53-60. https://doi.org/10.1016/j.anai.2018.05.001

6. Bhalla MC, Gable BD, Frey JA, Reichenbach MR, Wilber ST. Predictors

of epinephrine autoinjector needle length inadequacy. Am J Emerg

Med. 2013;31(12):1671-1676. https://doi.org/10.1016/j.ajem.2013.

09.001

7. Ferrandiz R. Cartridge vs syringe auto-injectors: a misleading

discussion. 2014. https://www.emerade.com/hcp/articles/cartridge-

vs-syringe-auto-injectors. Accessed May 27, 2020.

8. Potter T. Woodbridge: Poppy's legacy to 'benefit millions'. East

Anglian Daily Times. 13th June 2014. https://www.eadt.co.uk/news/

woodbridge-poppy-s-legacy-to-benefit-millions-1-3641654.

Accessed May 27, 2020.

9. European Medicines Agency. Adrenaline auto-injectors article 31 refer-

ral -CHMP assessment report 2015. https://www.ema.europa.eu/en/

documents/referral/adrenaline-auto-injectors-article-31-referral-chmp-

assessment-report_en.pdf. Accessed December 20, 2019.

10. Burgess S. Schoolgirl, 15, died after eating Pre a Manager baguette 2018.

https://news.sky.com/story/schoolgirl-15-died-after-eating-pret-a-

manger-baguette-11506454. Accessed December 20, 2019.

11. Coroner calls on MHRA to take action over 'inherently unsafe' EpiPen.

The Pharmaceutical Journal, online 2018. https://www.pharmaceutical-

journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-

to-take-action-over-inherently-unsafe-epipen/20205588.article?first

Pass=false. Accessed December 20, 2019.

12. Resuscitation Council (UK). Emergency treatment of anaphylactic

reactions: guidelines for healthcare providers 2008. https://www.

resus.org.uk/anaphylaxis/emergency-treatment-of-anaphylactic-

reactions/. Accessed December 20, 2019.

13. Medicines.org.uk. Emerade, 150 micrograms, solution for injection

in pre-filled pen – Summary of Product Characteristics (SmPC) –
(eMC). (2019). https://www.medicines.org.uk/emc/product/5278/

smpc. Accessed January 9, 2020.

14. Medicines.org.uk. EpiPen Adrenaline (Epinephrine) 0.3mg Auto-

Injector – Summary of Product Characteristics (SmPC) – (eMC).

(2019). https://www.medicines.org.uk/emc/product/4290. Accessed

January 9, 2020.

15. Medicines.org.uk. Jext 300 micrograms Solution for Injection in pre-

filled pen – Summary of Product Characteristics (SmPC) – (eMC).

8 MOSS ET AL.

https://orcid.org/0000-0003-4330-3805
https://orcid.org/0000-0003-4330-3805
https://orcid.org/0000-0001-5927-5429
https://orcid.org/0000-0001-5927-5429
https://orcid.org/0000-0002-7241-1787
https://orcid.org/0000-0002-7241-1787
https://orcid.org/0000-0003-1313-0915
https://orcid.org/0000-0003-1313-0915
https://doi.org/10.1016/j.anai.2015.07.019
https://doi.org/10.1097/PCC.0000000000001197
https://doi.org/10.1097/PCC.0000000000001197
https://doi.org/10.1016/j.jaip.2017.11.035
https://doi.org/10.1016/j.jaip.2017.11.035
https://webarchive.nationalarchives.gov.uk/20141206194429/http://www.mhra.gov.uk/home/groups/comms-ic/documents/websiteresources/con423091.pdf
https://webarchive.nationalarchives.gov.uk/20141206194429/http://www.mhra.gov.uk/home/groups/comms-ic/documents/websiteresources/con423091.pdf
https://webarchive.nationalarchives.gov.uk/20141206194429/http://www.mhra.gov.uk/home/groups/comms-ic/documents/websiteresources/con423091.pdf
https://doi.org/10.1016/j.anai.2018.05.001
https://doi.org/10.1016/j.ajem.2013.09.001
https://doi.org/10.1016/j.ajem.2013.09.001
https://www.emerade.com/hcp/articles/cartridge-vs-syringe-auto-injectors
https://www.emerade.com/hcp/articles/cartridge-vs-syringe-auto-injectors
https://www.eadt.co.uk/news/woodbridge-poppy-s-legacy-to-benefit-millions-1-3641654
https://www.eadt.co.uk/news/woodbridge-poppy-s-legacy-to-benefit-millions-1-3641654
https://www.ema.europa.eu/en/documents/referral/adrenaline-auto-injectors-article-31-referral-chmp-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/referral/adrenaline-auto-injectors-article-31-referral-chmp-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/referral/adrenaline-auto-injectors-article-31-referral-chmp-assessment-report_en.pdf
https://news.sky.com/story/schoolgirl-15-died-after-eating-pret-a-manger-baguette-11506454
https://news.sky.com/story/schoolgirl-15-died-after-eating-pret-a-manger-baguette-11506454
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/news-in-brief/coroner-calls-on-mhra-to-take-action-over-inherently-unsafe-epipen/20205588.article?firstPass=false
https://www.resus.org.uk/anaphylaxis/emergency-treatment-of-anaphylactic-reactions/
https://www.resus.org.uk/anaphylaxis/emergency-treatment-of-anaphylactic-reactions/
https://www.resus.org.uk/anaphylaxis/emergency-treatment-of-anaphylactic-reactions/
https://www.medicines.org.uk/emc/product/5278/smpc
https://www.medicines.org.uk/emc/product/5278/smpc
https://www.medicines.org.uk/emc/product/4290


(2019). https://www.medicines.org.uk/emc/product/5748. Accessed

January 9, 2020.

16. Moss J, Rashed A, Jani Y. Pharmacokinetic and pharmacodynamic evi-

dence of adrenaline administered via auto-injector for anaphylactic

reactions: a systematic review. PROSPERO 2019 CRD42019119926.

https://www.crd.york.ac.uk/prospero/display_record.php?

ID=CRD42019119926. Accessed December 20, 2019.

17. DuvauchelleT, Robert P, DonazzoloY, et al. Bioavailability and cardio-

vascular effects of adrenaline administered by Anapen autoinjector in

healthy volunteers. J Allergy Clin Immunol Pract. 2018;6(4):1257-

1263. https://doi.org/10.1016/j.jaip.2017.09.021

18. Edwards ES, Gunn R, Simons ER, et al. Bioavailability of epinephrine

from Auvi-Q compared with EpiPen. Ann Allergy Asthma Immunol.

2013;111(2):132-137. https://doi.org/10.1016/j.anai.2013.06.002

19. Simons FE, Roberts JR, Gu X, Simons KJ. Epinephrine absorption in

children with a history of anaphylaxis. J Allergy Clin Immunol. 1998;

101(1 Pt 1):33-37. https://doi.org/10.1016/S0091-6749(98)70190-3

20. Simons FE, Gu X, Simons KJ. Epinephrine absorption in adults: intra-

muscular versus subcutaneous injection. J Allergy Clin Immunol. 2001;

108(5):871-873. https://doi.org/10.1067/mai.2001.119409

21. Simons FE, Gu X, Silver NA, Simons KJ. EpiPen Jr versus EpiPen in

young children weighing 15 to 30 kg at risk for anaphylaxis. J Allergy

Clin Immunol. 2002;109(1):171-175. https://doi.org/10.1067/mai.

2002.120758

22. Lincoln Medical Ltd. Anapen 300 micrograms in 0.3ml solution

for injection in a pre-filled syringe – Summary of Product Characteris-

tics (SmPC). https://www.anapen.ie/wp-content/uploads/2017/02/

IEANA300SPC.pdf. Accessed January 9, 2020.

23. Kaléo®. Auvi-Q® (epinephrine injection, USP) [package insert].

https://dailymed.nlm.nih.gov/dailymed/fda/fdaDrugXsl.cfm?setid=

6180fb40-7fca-4602-b3da-ce62b8cd2470&type=display. Accessed

January 9, 2020.

24. Medicines.org.uk. EpiPen Jr Adrenaline (Epinephrine) 0.15mg Auto-

Injector – Summary of Product Characteristics (SmPC) – (eMC). (2019).

https://www.medicines.org.uk/emc/product/4290/smpc. Accessed

January 9, 2020.

25. Bewick DC, Wright NB, Pumphrey RS, Arkwright PD. Anatomic and

anthropometric determinants of intramuscular versus subcutaneous

administration in children with epinephrine autoinjectors. J Allergy

Clin Immunol Pract. 2013;1(6):692-694. https://doi.org/10.1016/j.

jaip.2013.08.004

26. Dreborg S, Wen X, Kim L, et al. Do epinephrine auto-injectors have

an unsuitable needle length in children and adolescents at risk for

anaphylaxis from food allergy? Allergy Asthma Clin Immunol. 2016;

12(1):11. https://doi.org/10.1186/s13223-016-0110-8

27. Dreborg S, Kim L, Tsai G, Kim H. Epinephrine auto-injector needle

lengths: can both subcutaneous and periosteal/intraosseous injection

be avoided? Ann Allergy Asthma Immunol. 2018;120(6):648-653e1.

https://doi.org/10.1016/j.anai.2018.02.028

28. Duong M, Botchway A, Dela Cruz J, Austin R, McDaniel K, Jaeger C.

Skin to intramuscular compartment thigh measurement by ultrasound

in pediatric population. West J Emerg Med. 2017;18(3):479-486.

https://doi.org/10.5811/westjem.2016.12.32279

29. Johnstone J, Hobbins S, Parekh D, O'Hickey S. Excess subcutaneous

tissue may preclude intramuscular delivery when using adrenaline

autoinjectors in patients with anaphylaxis. Allergy. 2015;70(6):703-

706. https://doi.org/10.1111/all.12595

30. Kim L, Nevis IF, Tsai G, et al. Children under 15 kg with food allergy

may be at risk of having epinephrine auto-injectors administered into

bone. Allergy Asthma Clin Immunol. 2014;10(1):40. https://doi.org/10.

1186/1710-1492-10-40

31. Kim H, Dinakar C, McInnis P, et al. Inadequacy of current pediatric

epinephrine autoinjector needle length for use in infants and toddlers.

Ann Allergy Asthma Immunol. 2017;118(6):719-725e1. https://doi.

org/10.1016/j.anai.2017.03.017

32. Manuyakorn W, Bamrungchaowkasem B, Ruangwattanapaisarn N,

Kamchaisatian W, Benjaponpitak S. Needle length for epinephrine

prefilled syringes in children and adolescents: is one inch needle

appropriate? Asian Pac J Allergy Immunol. 2018;36(2):113-119.

https://doi.org/10.12932/AP-020317-0039

33. Song TT, Nelson MR, Chang JH, Engler RJ, Chowdhury BA. Adequacy

of the epinephrine autoinjector needle length in delivering epineph-

rine to the intramuscular tissues. Ann Allergy Asthma Immunol. 2005;

94(5):539-542. https://doi.org/10.1016/S1081-1206(10)61130-1

34. Stecher D, Bulloch B, Sales J, Schaefer C, Keahey L. Epinephrine

auto-injectors: is needle length adequate for delivery of epinephrine

intramuscularly? Pediatrics. 2009;124(1):65-70. https://doi.org/10.

1542/peds.2008-3388

35. U.S. Department of Health and Human Services - Food and Drug Admin-

istration. Guidance for industry. Population pharmacokinetics 1999.

36. European Medicines Agency. Guideline on reporting the results of pop-

ulation pharmacokinetic analyses 2007. https://www.ema.europa.eu/

en/documents/scientific-guideline/guideline-reporting-results-

population-pharmacokinetic-analyses_en.pdf. Accessed January 9, 2020.

37. Auvi Q web page. https://www.auvi-q.com/about-auvi-q#meet-the-

auvi-q-family.

38. Power ML, Schulkin J. Sex differences in fat storage, fat

metabolism, and the health risks from obesity: possible evolutionary

origins. Br J Nutr. 2008;99(5):931-940. https://doi.org/10.1017/

S0007114507853347

39. Centers for Disease Control and Prevention. Epidemiology and pre-

vention of vaccine-preventable diseases. In: WW Atkinson,

Hamborsky J, eds. 12th ed. Washington, DC: The Pink Book; 2012

Appendix D. Vaccine administration guidelines.

40. U.S. National Library of Medicine. Study to Explore the Pharmacoki-

netics and Pharmacodynamics of Epinephrine in Healthy Male and

Female Subjects With Different Skin to Muscle Depth (STMD).

https://clinicaltrials.gov/ct2/show/NCT03282929. Accessed January

9, 2020.

41. U.S. National Library of Medicine. Pharmacokinetics of Intramuscular

Adrenaline in Food--Allergic Teenagers (PIMAT). https://clinicaltrials.

gov/ct2/show/NCT03366298. Accessed January 9, 2020.

42. Reber LL, Hernandez JD, Galli SJ. The pathophysiology of anaphy-

laxis. J Allergy Clin Immunol. 2017;140(2):335-348. https://doi.org/10.

1016/j.jaci.2017.06.003

43. Eller E, Muraro A, Dahl R, Mortz CG, Bindslev-Jensen C. Assessing

severity of anaphylaxis: a data-driven comparison of 23 instruments.

Clin Transl Allergy. 2018;8(1):29. https://doi.org/10.1186/s13601-

018-0215-x

How to cite this article: Moss J, Jani Y, Edwards B, Tomlin S,

Rashed AN. Pharmacokinetic and pharmacodynamic evidence

of adrenaline administered via auto-injector for anaphylactic

reactions: A review of literature. Br J Clin Pharmacol. 2020;

1–9. https://doi.org/10.1111/bcp.14438

MOSS ET AL. 9

https://www.medicines.org.uk/emc/product/5748
https://www.crd.york.ac.uk/prospero/display_record.php?
https://doi.org/10.1016/j.jaip.2017.09.021
https://doi.org/10.1016/j.anai.2013.06.002
https://doi.org/10.1016/S0091-6749(98)70190-3
https://doi.org/10.1067/mai.2001.119409
https://doi.org/10.1067/mai.2002.120758
https://doi.org/10.1067/mai.2002.120758
https://www.anapen.ie/wp-content/uploads/2017/02/IEANA300SPC.pdf
https://www.anapen.ie/wp-content/uploads/2017/02/IEANA300SPC.pdf
https://dailymed.nlm.nih.gov/dailymed/fda/fdaDrugXsl.cfm?setid=6180fb40-7fca-4602-b3da-ce62b8cd2470%26type=display
https://dailymed.nlm.nih.gov/dailymed/fda/fdaDrugXsl.cfm?setid=6180fb40-7fca-4602-b3da-ce62b8cd2470%26type=display
https://www.medicines.org.uk/emc/product/4290/smpc
https://doi.org/10.1016/j.jaip.2013.08.004
https://doi.org/10.1016/j.jaip.2013.08.004
https://doi.org/10.1186/s13223-016-0110-8
https://doi.org/10.1016/j.anai.2018.02.028
https://doi.org/10.5811/westjem.2016.12.32279
https://doi.org/10.1111/all.12595
https://doi.org/10.1186/1710-1492-10-40
https://doi.org/10.1186/1710-1492-10-40
https://doi.org/10.1016/j.anai.2017.03.017
https://doi.org/10.1016/j.anai.2017.03.017
https://doi.org/10.12932/AP-020317-0039
https://doi.org/10.1016/S1081-1206(10)61130-1
https://doi.org/10.1542/peds.2008-3388
https://doi.org/10.1542/peds.2008-3388
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-reporting-results-population-pharmacokinetic-analyses_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-reporting-results-population-pharmacokinetic-analyses_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-reporting-results-population-pharmacokinetic-analyses_en.pdf
https://www.auvi-q.com/about-auvi-q#meet-the-auvi-q-family
https://www.auvi-q.com/about-auvi-q#meet-the-auvi-q-family
https://doi.org/10.1017/S0007114507853347
https://doi.org/10.1017/S0007114507853347
https://clinicaltrials.gov/ct2/show/NCT03282929
https://clinicaltrials.gov/ct2/show/NCT03366298
https://clinicaltrials.gov/ct2/show/NCT03366298
https://doi.org/10.1016/j.jaci.2017.06.003
https://doi.org/10.1016/j.jaci.2017.06.003
https://doi.org/10.1186/s13601-018-0215-x
https://doi.org/10.1186/s13601-018-0215-x
https://doi.org/10.1111/bcp.14438

	Pharmacokinetic and pharmacodynamic evidence of adrenaline administered via auto-injector for anaphylactic reactions: A rev...
	  INTRODUCTION
	  METHODS
	  Study selection
	  Data abstraction and synthesis

	  RESULTS
	  PK studies
	  Imaging studies

	  DISCUSSION
	  CONCLUSION
	  COMPETING INTERESTS
	  CONTRIBUTORS
	REFERENCES


