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TABLE I. Fluid jet velocity ejected into porcine tissue from
epinephrine autoinjectors

Autoinjector

brand (mg)
Needle

projection (mm)

Median (range) jet

velocity to 95%

ejection (m/s)

Median (range)

injection time (ms)

EpiPen 300 13 20.2 (20.2-21.8) 110 (110-110)

JEXT 300 13 18.8 (16.5-18.8)* 120 (120-130)

Emerade 300 21 21.0 (18.4-21.6) 170 (160-200)*
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Anapen 300 8 4.1 (3.7-4.7)* 1500 (1300-6000)*

Needle projection was measured from where the needle protruded from the plastic
casing to the proximal edge of the needle lumen. Fluid jet velocity through the EAI
at 21�C was determined by calculating the [distance moved by the plunger]/[injec-
tion time] � [plunger cross-sectional area]/[needle lumen area]. Injection time is
from start to finish of the plunger movement. n ¼ 3.
*Mann-Whitney U test P value <.05 compared with EpiPen 300.
� Fluid injected from epinephrine autoinjectors into
subcutaneous tissue is prevented from penetrating into
the muscle by the deep fascia of the thigh. Intramuscular
injection will not occur during firing of an autoinjector if
the needle tip is in the subcutaneous tissue.
TO THE EDITOR:

Epinephrine for self-administration in anaphylaxis should be
administered intramuscularly rather than subcutaneously,1-3 but
in an increasing proportion of the population, epinephrine
autoinjector (EAI) needles are shorter than the skin to muscle
depth (STMD).4,5 The aim of this study was to investigate
claims that intramuscular injection from EAI may be possible
even when the needle length is less than the STMD.6-8

We studied 4 EAI devices currently available in Europe
(EpiPen [Meda Pharma, Bishop’s Stortford, UK], Anapen
[Lincoln Medical, Salsibury, UK], JEXT [ALK-Abello, Reading,
UK], and Emerade [iMed Systems Ltd., London, UK]).
Dispersal of injected fluid was traced by replacing the epineph-
rine in each device with a dye marker (1.0 g/L brilliant blue).
Windows cut in the external casing of EAIs allowed movement
of the plunger during firing to be recorded at 240 frames/s.
Three separate data points were collected for each test variable,
and for plunger velocity measurements medians compared using
the Mann-Whitney U test.

Injections of 0.3 mL were made from 0.3 mg EAI at 21�C
into 3 surrogate human tissue models.6-8 In the first model, 2 cm
diameter porcine tissue cylindrical blocks were cut from Berk-
shire pig hind legs obtained from a local abattoir (processed
within 24 hours of death and re-equilibrated at 39�C). As the
scalding of slaughtered pig skin in water at 60�C for 6 minutes
was used in the abattoir to dehair pig carcasses, a second model
using 12-week anesthetized and euthanized Hampshire piglets
were also studied to ensure that the scalding process had not
affected the dispersion of dye through subcutaneous tissue. The
experiments were performed on piglets rather than adult pigs as
the latter were too large to be handled in the animal house fa-
cility. Use of piglets was technically challenging, as autoinjectors
had to be fired into the posterior neck rather than thighs, the
only part of the body where the subcutaneous tissue was thick
enough (10-30 mm) to allow comparative subcutaneous and
intramuscular injections. In the third model, 10% ballistic
gelatin was cast by pouring melted gelatin into 2 cm diameter
steel cylinders or clear plastic boxes 7 � 7 � 3.5 cm3, before
allowing it to set for 48 hours at 4�C. A sheepskin surface proved
necessary to prevent leakage of injected fluid back to the surface.
For both the Berkshire pig tissue and ballistic gelatin experi-
ments, EAI and tissue, blocks were held in place within a
specially built clamp with the camera mounted a fixed distance
from and perpendicular to the mid-point of the plunger transit.
For experiments using Hampshire piglets, injections were made
directly into the animals and injection sites then dissected to
reveal the dispersion of the dye. In all experiments, EAIs were
held in situ for 10 seconds after firing to allow time for the dye to
disperse into the tissue and reduce leakage back along the needle
track. Blocks were then immediately retrieved from the test
chamber and photographed. Each condition was repeated on 5
different occasions to confirm consistency of results.

With the EAI at 21�C, the original epinephrine and
replacement dye solutions were discharged at the same rate into
air. The velocity of injection of fluid into the pig tissue was
similar from EpiPen, JEXT, and Emerade, but substantially
lower from Anapen. Apart from Anapen, all EAIs discharged
their contents within 200 milliseconds (Table I). Dye injected
from all EAIs tracked from the needle orifice through the tissues
along paths of least resistance. Dye injected into the muscle was
propelled along the muscle fibers (Figure 1, a [Berkshire pig]
and b [Hampshire piglet]). In contrast, dye injected subcuta-
neously was prevented from reaching the underlying muscle by
the deep fascia (Figure 1, c, e [Berkshire pig] and d, f
[Hampshire piglet]). Using an EpiPen 150 (the EAI with
highest jet momentum) and removing all the tissues superficial
to the deep fascia, no dye penetrated even the superficial layers
of the deep fascia when fired with an air gap of z1 mm from
the needle tip. This indicated that the momentum of the jet
emerging from the needle was insufficient to cause intramus-
cular dispersal after subcutaneous injection and also that it was
not binding of brilliant blue to the proteins in the subcutaneous
tissue that prevented the dye from entering the muscle (data not
shown).

Injection into 10% ballistic gelatin at 4�C was completed by
EpiPen in 120 milliseconds and by Anapen in 1500 milliseconds.
After firing the Anapen autoinjector, fracture cleavage of the
gelatin propagated as an expanding disk centered on the needle
(Figure 1, g). Despite the low jet velocity, in gelatin dye flows
well beyond the Anapen needle tip, as it did for the other EAIs.
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FIGURE 1. Distribution of brilliant blue dye injected from autoinjectors into pig tissue and ballistic gelatin. The upper panels show in-
jections into a Berkshire leg of pork obtained from an abattoir and processed within 24 hours (a, intramuscular injection; c, subcutaneous
injection; e, injection at the subcutaneous-muscle junction), and the lower panels into freshly euthanized Hampshire piglets (b, intra-
muscular injection; d, subcutaneous injection; f, injection at the subcutaneous-muscle junction). Both preparations were at body tem-
perature at the time of injection. Blotting paper demonstrates leakage of dye back along needle track after withdrawing the device 10
seconds after injection. The right panel (g) shows two views of injection by Anapen into 10% ballistic gelatin block at 4�C where dye
extends well beyond the tip of the needle along a fracture plane.
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Our experiments clearly demonstrate that dispersal of dye into
animal tissue is modified by its complex structure. Injection into
ballistic gelatin is thus a poor model for studying movement of
fluid through tissues, as it fails to take into account the disrup-
tion to fluid movement by the deep fascia.7,8 We show that the
deep fascia of the thigh (fascia lata in humans) prevents fluid
traveling from the subcutaneous tissue into the underlying
muscle.9 Where injections are made directly into the porcine
muscle, our results are consistent with those of Song et al,6 who
found that dye travels beyond the length of the EAI needle. It
should however be noted that the subcutaneous tissue depth of
Song et al’s pig thighs were on average only 7 mm, and thus EAI
needles were long enough to penetrate into the muscle in all their
experiments (personal communication). Furthermore, Song et al
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defined STMD as the “distance from the surface of the skin to
the methylene blue/epinephrine mixture” and not as the distance
between the surface of the skin and the fascia at the interface
between the subcutaneous tissue and the muscle. Thus, the
intramuscular injections observed in their study are not because
of propulsion of fluid through the subcutaneous tissue or because
of compression of the subcutaneous tissue, but rather because of
the thin skin STMD in their porcine tissue model.

In summary, we clearly show that if the EAI needle orifice
only penetrates into the subcutaneous tissue, fluid is prevented
from entering the muscle by the intervening deep fascia. Where
the STMD is thicker, as in obese patients, intramuscular injec-
tion may not be achieved and either a more distal location,4 or
use of an autoinjector with a longer needle length (Emerade)
might be considered. Although the intramuscular rather than the
subcutaneous route is generally recommended for administration
of epinephrine in anaphylaxis, there are no studies that directly
compare the clinical effectiveness of the two routes in the
treatment of anaphylaxis; epinephrine through either route helps.
Thus, the EAI remains the first-line treatment for anaphylaxis
regardless of obesity.
aDepartment of Paediatric Allergy and Immunology, Royal Manchester Children’s
Hospital, Manchester, UK

bDepartment of Immunology (retired), University of Manchester, Manchester, UK
cInstitute of Inflammation & Repair, University of Manchester, Manchester, UK
This study was funded by the Anaphylaxis Campaign, UK. R. S. Pumphrey is on
the Clinical & Scientific Panel of the Anaphylaxis Campaign. R. S. Pumphrey,
V. Sharma, and P. D. Arkwright have previously received funding to attend
scientific conferences from Meda Pharmaceuticals Ltd., ALK-Abello, Lincoln
Medical, and iMed. These companies donated the autoinjectors used in this
study. Ballistic gelatin was donated by LGC Forensics. Hampshire piglets were a
gift of Ms. M. Shah, University of Manchester.

Conflicts of interest: P. D. Arkwright has received travel grants from iMed Systems
and ALK. D. Diacono has received research support from Anaphylaxis Campaign.
R. S. Pumphrey has received travel grants from iMed Systems and Lincolm
Medical; has received fees from Meda for participation in a device review; has
provided expert testimony on fatal anaphylaxis from HM Coroners; and has
received lecture fees from NHS Hospitals. V. Sharma has received travel grants
from ALK-Abello and MEDA.

Received for publication September 10, 2014; revised October 19, 2014; accepted
for publication November 24, 2014.

Available online - -

Corresponding author: Peter D. Arkwright, FRCPCH, PhD, Royal Manchester
Children’s Hospital, University of Manchester, Oxford Rd., Manchester M13
0WL, UK. E-mail: peter.arkwright@nhs.net.

2213-2198
� 2015 American Academy of Allergy, Asthma & Immunology
http://dx.doi.org/10.1016/j.jaip.2014.11.016

REFERENCES

1. Dhami S, Panesar SS, Roberts G, Muraro A, Worm M, Bilò MB, et al. Man-
agement of anaphylaxis: a systematic review. Allergy 2014;69:168-75.

2. Simons FE, Gu X, Simons KJ. Epinephrine absorption in adults: intramuscular
versus subcutaneous injection. J Allergy Clin Immunol 2001;108:871-3.

3. Simons FE, Roberts JR, Gu X, Simons KJ. Epinephrine absorption in children
with a history of anaphylaxis. J Allergy Clin Immunol 1998;101:33-7.

4. Bewick DC, Wright NB, Pumphrey RS, Arkwright PD. Anatomic and anthro-
pometric determinants of intramuscular versus subcutaneous administration in
children with epinephrine autoinjectors. J Allergy Clin Immunol Pract 2013;1:
692-4.

5. Stecher D, Bulloch B, Sales J, Schaefer C, Keahey L. Epinephrine auto-injectors:
is needle length adequate for delivery of epinephrine intramuscularly? Pediatrics
2009;124:65-70.

6. Song TT, Merill NL, Cole JW. Delivery depth of epinephrine by auto-injector
into the subcutaneous tissue of pig. Ann Allergy Asthma Immunol 2013;111:
143-5.

7. Schwirtz A, Seeger H. Are adrenaline autoinjectors fit for purpose? A pilot study
of the mechanical and injection performance characteristics of a cartridge-versus
a syringe-based autoinjector. J Asthma Allergy 2010;3:159-67.

8. Schwirtz A, Seeger H. Comparison of the robustness and functionality of three
adrenaline auto-injectors. J Asthma Allergy 2012;5:39-49.

9. Stecco A, Macchi V, Masiero S, Porzionato A, Tiengo C, Stecco C, et al. Pectoral
and femoral fasciae: common aspects and regional specializations. Surg Radiol
Anat 2009;31:35-42.

mailto:peter.arkwright@nhs.net
http://dx.doi.org/10.1016/j.jaip.2014.11.016
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref1
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref1
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref2
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref2
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref3
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref3
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref4
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref4
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref4
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref4
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref5
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref5
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref5
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref6
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref6
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref6
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref7
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref7
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref7
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref8
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref8
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref9
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref9
http://refhub.elsevier.com/S2213-2198(14)00542-X/sref9

	The deep fascia of the thigh forms an impenetrable barrier to fluid injected subcutaneously by autoinjectors
	References


