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Life-threatening anaphylactic emergencies are largely unpredict-
able. Adrenaline is widely accepted as first-line therapy for anaphylaxis, 
due to its physiological effects in reversing symptoms of anaphylaxis 
and with studies showing both reductions in morbidity and mortality 
associated with its administration [1-4]. Anaphylaxis can prove fatal, 
therefore learning how to use an adrenaline auto-injector is crucial for 
people with allergies and parents of children who have previously suf-
fered from anaphylaxis. Such people must carry an adrenaline auto-
injector with them at all times for administration when required. It is 
surprising that there are currently no internationally accepted criteria, 
including International Organization of Standards or other govern-
mental regulatory requirements to benchmark the performance of 
adrenaline auto-injectors under standard conditions as there are for 
insulin pen injectors [5,6].

World-wide and in New Zealand the two most commonly 
encountered single use adrenaline auto-injectors include the Epipen 
[7] which was approved by the New Zealand Regulatory Authority,
Medsafe back in February 1997 and Anapen [8] which was approved
for use by Medsafe in December 2009. It is often mistakenly assumed
that these two auto-injectors are the same devices and that Anapen is
a generic “equivalent” of the original Epipen auto-injector. Although
both devices contain the same dose of adrenaline (300 ug/0.3 ml for
adults or 150 ug/0.3 ml for children) these are two very different
devices. The Epipen employs a cartridge-based system (Figure 1) and
was specifically designed for intramuscular self-administration of
adrenaline. Anapen is a syringe-based device (Figure 2) which was
originally designed for subcutaneous self-administration of insulin
but has recently been employed for the administration of adrenaline;
this fact is clearly evident in the design difference of these two auto-
injectors.

A disadvantage with using a syringe delivery system is an extra 
operational step that requires the needle shield to be detached before 
removal of the safety cap, followed by thumb activation of the device 
by pushing a button [8]. This extra operational step may increase 
the risk of misuse because patients have to memorize and undertake 

the correct operational sequence at a time of medical urgency. After 
thumb activation, the released spring moves a prefilled syringe to its 
end position at which point the needle pierces through the tissue. The 
piston rod is then moved to its end position and the position of the 
end stop determines the volume of medication to be ejected. Therefore, 
with a syringe delivery system delivery of adrenaline starts as soon as 
pressure is applied to the piston rod which may result in deposition 
throughout the needle track resulting in loss of some or all medication 
before reaching the target muscle [9]. The effective penetration depth is 
a component of spring force applied, needle length, bore diameter and 
how easily the tissue is penetrated by the adrenaline solution. The glass 
syringe is a limiting factor in the design and limits the force that can 
be applied by the spring compared to cartridge-based systems. Epipen 
utilizes the cartridge-based system and when the safety cap has been 
removed, the injector is activated by holding the outer housing and 
pressing the device tip onto the tissue which permits the outer housing 
to move against the inner housing [7]. After activation, the released 
spring moves the cartridge and the attached needle to its end position, 
which then pierces through the rubber closure and into the tissue. 
Because of the high power of the remaining spring force, the sealing 
disc of the cartridge (closure) bursts and opens the fluid pathway [9]. 
Only then is the adrenaline released. The ejected volume is determined 
by the end stop on the attached piston rod. Therefore, in addition to 
having one less operational step in the cartridge-based Epipen device, 
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Figure 1: Epipen - cartridge-based device.

safety mechanism
Activation mechanism

Power source

Needle protection

Medication - pharmaceutical packaging

Needle - fluid pathway

Sterile

Figure 2: Anapen - prefilled syringe device.
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adrenaline is only released once the needle is fully deployed into the 
tissue. This helps to ensure minimal loss of medication and delivery of 
adequate levels of adrenaline to the correct tissue compartment, that is, 
intramuscularly. An additional advantage of the cartridge-based device 
is the compression force generated during its operation. Adequate 
activation force during device operation compresses subcutaneous 
tissue, which results in the needle penetrating deeper within the tissue. 
Song et al. [10] in their ultrasound investigations into the role of 
compression has shown that an 8 lb (3.6 kg) activation force decreases 
the distance to muscle by 25% in women and 19% in men. Therefore, 
adrenaline can be delivered 25% and 19% deeper than the needle length 
alone in women and men, respectively, when using the cartridge-based 
Epipen auto-injector.

Figure 3 and 4  shows the needle length of both devices after activation 
for the adult and pediatric strengths. As the Anapen was originally 
designed for subcutaneous administration of insulin, it has an activated 
needle length of 7 mm for the adult strength or 8mm for pediatric 

strength. This ensures that insulin is injected into the subcutaneous 
layer and not into the muscle layer. Studies have demonstrated that the 
needle length must not exceed 8mm in order to avoid administration 
of insulin into the muscle layer [11]. However, it is widely accepted that 
in an emergency adrenaline must be administered intramuscularly. 
This is because significantly faster peak plasma concentrations are 
reached when adrenaline is administered via the intramuscular route 
(8 ± 2 min, mean ± SEM) compared to the subcutaneous route (34 
± 14 min) [12,13]. Epipen, when activated has a needle length of 17 
mm for the adult strength (and 14 mm for the pediatric strength); this 
ensures that adrenaline is injected into the muscle layer and not into 
the subcutaneous layer. Studies have shown that the average distance 
(mean ± SD) from skin to muscle in the anterolateral aspect of the thigh 
is 6.6 ± 4.7 mm in men, 14.8 ± 7.2 mm in women [10] and ranges from 
8.6 ± 3.0 mm to 10.2 ± 2.1 mm in children [14]. Therefore, the Anapen 
auto-injector needle is of inadequate length (being 7 or 8 mm, Figures 
3 and 4) to deliver adrenaline into the correct tissue compartment in 
an emergency. Furthermore, smaller needle length will also provide a 
smaller needle bore diameter (compared to the cartridge-based Epipen 
device) thus decreasing the rate and volume at which adrenaline will be 
administered into any tissue compartment.

During an anaphylactic emergency, not only it is important that 
adrenaline is administered into the correct tissue compartment [15,16] 
but also that the correct dose of adrenaline is administered to achieve 
the desired clinical benefit. 

A study conducted by Schwirtz and Seeger [17] has showed that 
upon device activation, Anapen only delivers 25.7% (0.08 ml of the 
0.3 ml) of the volume contained in this syringe-based delivery device, 
whereas the Epipen delivered 74.3% (0.22 ml of the 0.3 ml) of the 
volume contained in this cartridge-based delivery device. Therefore, 
Anapen on average can only deliver 77ug (or 25.7%) of the possible 
300ug of adrenaline per use, while Epipen delivers 223 ug (or 74.3%) of 
the possible 300 ug of adrenaline per use. This is due to key differences 
between the two auto-injectors being: syringe-based vs. cartridge-
based; 7 mm or 8 mm activated needle length vs. 17 mm or 14 mm 
activated needle length; differences in bore diameter, compression 
force upon activation and correct tissue compartment (subcutaneous 
vs. intramuscular) delivery of adrenaline.

For patients experiencing an anaphylactic emergency it is vital 
that a sufficient amount of the life saving drug, adrenaline, is promptly 
delivered to the correct tissue compartment in minimal time to ensure 
maximal clinical benefit. Given the evidence to date the cartridge-based 
adrenaline auto-injector device (Epipen) should be the only device 
recommended to patients for use in anaphylactic emergencies. This is 
because the Epipen adrenaline auto-injector device delivers a clinically 
adequate dose of adrenaline to the correct tissue compartment rapidly. 
Further research is needed to evaluate the quality and efficacy of these 
devices prior to approval. There is also an urgent need for governmental 
regulatory authorities throughout the world to provide guidelines on 
the manufacture and testing of these devices prior to grant marketing 
authorization.
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