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Epinephrine absorption in adults:
Intramuscular versus subcutaneous

injection
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We report a prospective, randomized, blinded, placebo-con-
trolled, 6-way crossover study of intramuscular versus subcu-
taneous injection of epinephrine in young men. Peak plasma
epinephrine concentrations were significantly higher (P < .01)
after epinephrine was injected intramuscularly into the thigh
than after epinephrine was injected intramuscularly or subcu-
taneously into the upper arm. We recommend intramuscular
injection of epinephrine into the thigh as the preferred route
and site of injection of this life-saving medication in the initial
treatment of anaphylaxis. (J Allergy Clin Inmunol
2001;108:871-3.)
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Epinephrine injection is the initial treatment of choice
worldwide for systemic anaphylaxis.!-6 Since the drug
was introduced a century ago, many different authorita-
tive recommendations have been made with regard to its
administration in anaphylaxis. These recommendations
have been based on descriptive studies, clinical experi-
ence, and tradition rather than on experiment. Both the
subcutaneous (SC) and the intramuscular (IM) routes of
injection are recommended by experts!-6; however, the
SC route is often recommended exclusively,!# especial-
ly for “mild” reactions. The injection site is usually not
specified. There has been no published prospective, ran-
domized, double-blinded, controlled comparative study
of the plasma epinephrine concentrations achieved after
use of different routes of epinephrine injection or differ-
ent sites of injection in the treatment of anaphylaxis.

In a randomized, blinded, parallel-group study of chil-
dren at risk for anaphylaxis, we previously demonstrated

From 2the Section of Allergy & Clinical Immunology, Department of Pedi-
atrics & Child Health, Faculty of Medicine, and the Division of Pharma-
ceutical Sciences, Faculty of Pharmacy, University of Manitoba.

Funding provided by the Children’s Hospital Foundation of Manitoba, Inc.
The authors received no financial or in-kind support from any corporate
sponsor for this research project.

Received for publication July 2, 2001; revised August 1, 2001; accepted for
publication August 5, 2001.

Reprint requests: F. E. R. Simons, MD, FRCPC, Children’s Hospital of Win-
nipeg, 820 Sherbrook Street, Winnipeg, Manitoba, Canada R3A 1R9.

Copyright © 2001 by Mosby, Inc

0091-6749/2001 $35.00 + 0  1/87/119409

doi:10.1067/mai.2001.119409

Abbreviations used
IM: Intramuscular(ly)
SC: Subcutaneous(ly)

that peak plasma epinephrine concentrations were
achieved significantly faster after IM injection by means
of an EpiPen into the thigh (vastus lateralis) than after SC
epinephrine injection in the upper arm (deltoid region).”
That study led to recommendations for IM injection of
epinephrine in both children and adults with anaphylax-
is,8 though there was no experimental evidence on which
to base such a recommendation in adults.

The research that we report here was designed to pro-
vide information regarding the optimal route and site of
epinephrine injection in adults, in whom we hypothe-
sized that IM injection would be superior to SC injection.

METHODS

We tested this hypothesis in a prospective, randomized, blinded,
placebo-controlled, 6-way crossover study in healthy allergic men
age 18 to 35 years. The project was approved by the University of
Manitoba Research Ethics Board, and each participant gave signed,
informed consent before study entry.

Prospective subjects were excluded if they had any history of
cardiovascular, thyroid, or central nervous system disorder or if they
smoked or used any medications or recreational drugs. Participants
were asked to come to the Health Sciences Clinical Research Cen-
tre Allergy Laboratory on 6 different mornings. The visits were
scheduled at least 1 week apart; each visit lasted 3.5 to 4 hours. One
injection was given at each visit. During the course of the study,
each participant received 4 injections of epinephrine 0.3 mg (0.3
mL) and 2 injections of saline solution (0.9% NaCl, 0.3 mL)
through use of a variety of injection routes and sites. Epinephrine
USP 1:1000, 0.3 mg (0.3 mL) was injected either IM into the vas-
tus lateralis muscle or the deltoid muscle or SC in the deltoid region.
Epinephrine 0.3 mg (0.3 mL) was injected IM into the vastus later-
alis muscle through use of an EpiPen. Saline solution (0.3 mL) was
injected IM into the deltoid muscle or SC in the deltoid region. To
ensure blinding, all injections were given by a nurse not otherwise
involved in the study, and at each visit both the thigh and upper arm
sites were covered after the injection.

A detailed description of our study methods has been published
previously.” Before each injection, repeated measurements of heart
rate and blood pressure were made at 5-minute intervals until base-
line values were stable. Plasma epinephrine concentrations were

871



872 Simons, Gu, and Simons

=
=
c
o)
X2
=
9
2
=
@
3]
€
[e]
O
o
£
e
a
[0}
=
a
(N
o]
£
w
ke}
o

J ALLERGY CLIN IMMUNOL
NOVEMBER 2001

EpiPen” (T)
Epinephrine IM (T)
- Epinephrine IM [A)
- Epinephrine 5C (A)
Saline IM (A)
- Saline 5C (A)

Time (min)

FIG 1. Mean plasma epinephrine concentrations versus time are shown after administration of an identical 0.3-
mg (0.3-mL) dose of epinephrine by IM or SC injection in 2 different sites. 7, Thigh; A, upper arm. Mean
endogenous plasma epinephrine concentrations are shown after IM or SC injection of 0.9% saline solution (0.3
mL) in the upper arm. The plasma epinephrine concentrations shown were calculated by averaging (mean =
SEM) the epinephrine concentrations at each sampling time for each route and each site of injection.

TABLE I. Mean maximum plasma epinephrine concentrations

Injection route EpiPen IM Epinephrine IM Epinephrine IM Epinephrine SC Saline IM Saline SC
Injection site Thigh Thigh Arm Arm Arm Arm
Clax: mean * 12,222%* + 3,829 9,722% + 4,801 1,821 + 426 2,877 + 567 1,4581 £ 444 1,495t =524

SEM (pg/mL)

Chax (mean = SEM) was obtained as follows: We selected the peak plasma epinephrine concentration measured in each participant during each visit (from 5 to
180 minutes after injection, regardless of the time at which the peak concentration occurred). We then calculated the mean peak concentration (C,, + SEM
value) after injection of epinephrine or saline solution by each route and at each site.

IM, Intramuscular; SC, subcutaneous; C,,,,, peak plasma epinephrine concentration.

*P < .01 from all arm values.
fTEndogenous epinephrine.

monitored before and for 180 minutes after each injection of epi-
nephrine or saline solution. Heart rate and blood pressure were mon-
itored and adverse effects recorded. Plasma samples were frozen at
—20°C until analyzed for epinephrine through use of a validated high-
performance liquid chromatograph—electrochemical detector method
with a limit of quantitation of 5 pg/mL, linear calibration curves over
the range 25 to 1000 pg/mL, and a coefficient of variation of 3% at
1000 pg.” Pharmacokinetic and statistical data analyses were per-
formed through use of WinNonLin (Scientific Consulting Inc, Apex,
NC) and PC-SAS (SAS Institute Inc, Cary, NC), respectively.

RESULTS

Thirteen men (26 + 2 years; weight, 85 = 5 kg [range,
62-114 kgJ; body mass index, 36.6 + 4.6 [range, 20-64])
completed the study. Mean plasma epinephrine concen-
trations versus time are shown in Fig 1. There was a 9- to
14-fold range in peak plasma epinephrine concentrations

(Cnay) among doses and routes of injection, a 2-fold vari-
ation in body weight, and a 3-fold variation in body
mass. Mean C,,, was significantly higher (P < .01) after
epinephrine IM injection into the thigh, either from an
ampule or an EpiPen, than after epinephrine IM or SC
injection into the upper arm, or after saline solution IM
or SC injection into the upper arm (Table I).

Mild transient adverse effects were reported after 21 of the
52 epinephrine injections and after 3 of the 26 saline injec-
tions, as follows: 7 after EpiPen IM (thigh), 6 after epineph-
rine IM (thigh), 4 after epinephrine IM (arm), 4 after epi-
nephrine SC (arm), 3 after saline IM (arm), O after saline SC
(arm). The most common adverse effects were pallor after 13
injections, tremor after 7 injections, and heart pounding after
7 injections. Headache occurred after 3 injections, shivers
after 1 injection, and dizziness after 1 injection. Some men
experienced several adverse effects concurrently.
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DISCUSSION

This study supports the superiority of IM injection of
epinephrine into the thigh in adults, either as 0.3 mg (0.3
mL) from an ampule or as 0.3 mg (0.3 mL) from an
EpiPen. In contrast, an identical dose of epinephrine
injected IM into the deltoid or injected SC in the deltoid
region did not result in significant elevation of plasma
epinephrine concentrations in comparison with endoge-
nous epinephrine concentrations measured after saline
solution injections. The greater absorption of epinephrine
from the vastus lateralis muscle in comparison with the
deltoid muscle is most likely due to the greater blood
flow in the vastus lateralis. The secondary peak in plas-
ma epinephrine concentrations after IM injection of epi-
nephrine by means of the EpiPen, which occurred at 40
minutes, might be due to further absorption of exogenous
epinephrine at the injection site after a period of initial
vasoconstriction at the site; alternatively, it might be due
to rebound endogenous epinephrine release. This phe-
nomenon has been reported in a previous study.”

In retrospect, that SC injection of epinephrine has been
recommended for almost a century is surprising, given its
marked vasoconstrictor effect in the skin, which leads to
decreased cutaneous blood flow and obvious blanching
lasting up to half an hour at the injection site. Indeed, in
other medical settings epinephrine is injected for the spe-
cific purpose of delaying the absorption of medications,
such as local anesthetics, from injection sites.

Although the plasma and tissue concentrations of epi-
nephrine required for successful treatment of anaphylaxis
in human beings are unknown, the differences in peak plas-
ma concentrations that we found after various routes and
sites of epinephrine injection not only are statistically sig-
nificant but also might be clinically relevant in a medical
emergency during which every second counts.!-6:8.9 Tn the
initial treatment of anaphylaxis, the 3,-adrenergic effects of
epinephrine (vasoconstriction, increased peripheral vascu-
lar resistance, and decreased mucosal edema) and the [3,-
adrenergic effects (bronchodilation and decreased release
of histamine, tryptase, and other chemical mediators of
inflammation from mast cells and basophils) are of prima-
ry importance. Epinephrine has a bidirectional effect, and
low plasma and tissue concentrations are associated with
enhanced release of chemical mediators of inflammation as
well as vasodilation and hypotension.10

Ideally, recommendations for epinephrine administra-
tion in anaphylaxis would be based on prospective, ran-
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domized, double-blinded, placebo-controlled trials in
patients actually experiencing severe acute allergic reac-
tions. Such clinical trials would be unethical, because
prompt administration of epinephrine is of critical impor-
tance for the survival of a patient with anaphylaxis, which
is occasionally fatal despite prompt epinephrine treatment.”
Furthermore, such trials would be difficult or impossible to
conduct, since most severe acute allergic reactions occur
without warning, take place outside of a health care setting,
and differ considerably in severity among patients and from
one reaction to another in the same patient.

Despite the limitation that this study was not per-
formed during severe acute allergic reactions, our data
suggest that in adults, as we previously demonstrated in
children,” IM injection of epinephrine into the thigh is
the preferred method of administration of this life-saving
medication in the initial treatment of anaphylaxis.

We sincerely thank all of the participants in the study. We also
acknowledge the excellent professional assistance of Lana M. John-
ston, RN, and Cathy A. Gillespie, RN, BA.
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