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Anatomic and anthropometric determinants of

intramuscular versus subcutaneous administration

in children with epinephrine autoinjectors
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Clinical Implications
� Intramuscular rather than subcutaneous delivery of
epinephrine is important for optimal treatment of
anaphylaxis.

� To achieve this in children, the autoinjector should be
positioned at least half way down the outer thigh, which
is particularly important for patients who are obese.
TO THE EDITOR:

Intramuscular epinephrine is the first-line treatment for
patients with anaphylaxis. The 2012 World Allergy Organization
anaphylaxis guidelines recommend the mid-anterolateral thigh as
the preferred site of injection.1 The deltoid muscle and the
subcutaneous route are not recommended because studies in
adults have shown that mean plasma epinephrine concentration
is significantly lower and that peak concentration may not be
reached for more than 1 hour after injection.2 In a study of 17
children, subcutaneous injection led to only 2 of 9 (22%)
achieving maximal epinephrine concentration within 5 minutes,
compared with 6 of 8 (75%) if the injection was intramuscular.3

With increasing obesity in both adults and children there are
growing concerns that autoinjectors will not deliver epinephrine
into the muscle in a significant proportion of patients. A study of
American adults showed that 1 of 50 men and 21 of 50 women,
many with high body mass indices (BMI), had skin surfaceeto-
muscle thickness greater than the autoinjector needle length.4 In
another study, of 256 American children, 19% of children who
weighed <30 kg and 30% of children who weighed >30 kg also
had skin-to-muscle depth greater than the needle length.5 The
EpiPen (Dey, Napa, Calif) is currently the most common
autoinjector used in the United States and the United Kingdom,
and the needle length for the 0.15-mg device recommended for
children <30 kg is 12.7 mm, and the 0.30 mg device for heavier
children has a needle length of 15.9 mm. Other epinephrine
autoinjectors available for use in children, including Auvi-Q
(Sanofi US, Bridgewater, NJ) and Adrenaclick (Amedra Phar-
maceuticals LLC, Horsham, Pa) in the United States and JEXT
(ALK-Abelló Ltd, Reading, Berkshire, UK) in the United
Kingdom, have the same needle lengths.

In this prospective study, we recruited 93 children (age range,
1-16 years) with food allergies who attended our regional pedi-
atric allergy outpatient clinics over a 6-month period in mid-
2012. The study was approved by the research ethics committee,
and written consent was obtained from all the participants. Fifty-
nine children were white (63%) and 25 were Asian (27%). Using
a MicroMaxx portable ultrasound machine with a linear
HFL38/13.6 MHz probe (SonoSite Inc, Bothell, Wash), we
measured the distance from the skin surface to the vastus lateralis
muscle interface at 3 distances along the outer thigh (one-fourth
[proximal thigh], one-half [mid-thigh], and three-fourths [distal
thigh] the distance from the greater trochanter to the lateral
epicondyle of the femur) as determined with a tape measure. The
skin surfaceetoegastrocnemius muscle depth midway between
the tibial tuberosity and the lateral malleolus of the ankle (mid-
calf) also was measured. The mean of triplicate measurements is
quoted. All measurements were made by 1 observer (D.C.B.)
trained in the use of the ultrasound machine by a consultant
pediatric radiologist. Weight, height, and waist circumference
were also measured, and BMI as well as age- and sex-appropriate
BMI centiles were calculated.

The age, sex, and anthropometric characteristics of children
are summarized in Table I. Particularly in children >30 kg, skin
surfaceeto-muscle depth increased significantly the more prox-
imally up the thigh the measurements were made. The median
skin surfaceeto-muscle depth was 5.6 mm (interquartile range,
1.5-9.3 mm) greater at the proximal thigh than at the mid-thigh.
Sixty one percent children weighing >30 kg had a proximal
thigh skin surfaceeto-muscle depth that was greater than the
autoinjector needle length compared with only 13% at the distal
thigh. Measurements of obesity, including weight (P ¼ .004),
BMI (P < .001), and waist circumference (P < .001), but not
age or sex, were predictive of children whose skin surfaceeto-
muscle depth was greater than the autoinjector needle length
(multivariant analysis).

By using US National Center for Health Statistics children’s
BMI growth charts (www.cdc.gov/growthcharts), 10% of children
in the cohort were overweight (85th to 94th centile for age) and
18%were obese (>95th centile for age). There were no significant
differences in obesity in white and Asian children. At the proximal
thigh, 82% of the children who were obese, but only 25% of
children of a healthy weight, had skin surfaceeto-muscle depth
greater than the needle length. At the distal thigh, 17% of children
who were obese and 2% of children of a healthy weight had a skin-
to-muscle depth greater than the needle length (Figure 1).

Compression of tissues during firing of autoinjectors might be
expected to reduce skin surfaceeto-muscle depth and, therefore,
increase the chance of intramuscular injection.6 To examine this
possibility, skin surfaceeto-muscle depth was measured in
a subgroup of 7 children ages 5 to 14 years (median, 8 years), after
applying enough pressure with a trainer EpiPen and an adjacently
placed ultrasound probe positioned on the outer mid-thigh to
trigger the device. The EpiPen trainer is a reasonable surrogate for
the medicinal device because it has previously been shown to
require equivalent force for activation.7 The median compression
was 0.5 mm (interquartile range, 0.0-1.2 mm). In 3 children
younger than 7 years old there was little or no change in skin
surfaceeto-muscle depth after compression. In the overall cohort,
the skin-to-muscle depth at the mid-thigh was 2.4 mm (0.8-
3.2 mm) greater than the needle length, which suggests that
compression of tissues when firing autoinjectors would not alter
the proportion of children whose injection was subcutaneous
rather than intramuscular. There was no significant correlation
between BMI or age and change in depth with compression.
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FIGURE 1. Percentage of children whose skin surfaceeto-muscle depth was greater than the autoinjector needle length based level of
obesity defined by age-corrected BMI (www.cdc.gov/obesity/childhood/basics.html). Healthy weight (BMI <85th percentile) n ¼ 67
(72%), overweight (BMI 85th-94th percentile) n ¼ 9 (10%), obese (BMI �95th percentile) n ¼ 17 (18%). Differences within all groups
were statistically significant, with a P < .001 (c2 test).

TABLE I. Anthropometric measures of 93 children referred to the local pediatric allergy service

Parameter* Children <30 kg weight Children ‡30 kg weight All children

No. (%) 62 (67) 31 (33) 93 (100)

Age (y), median (IQR) 4 (2-6) 12 (8-14) 6 (3-10)

Boys, no. (%) 35 (57) 19 (61) 54 (58)

Weight (kg), median (IQR) 16.6 (12.2-20.8) 43.8 (38.4-53.3) 20.8 (14.5-38.6)

Height (cm), median (IQR) 102 (88-114) 150 (140-159) 114 (96-141)

BMI (kg/m2), median (IQR) 16.1 (15.5-17.1) 19.9 (18.2-22.4) 16.8 (15.7-19.1)

Waist circumference (cm), median (IQR) 52 (49-56) 75 (68-80) 56 (51-68)

Skin surfaceeto-muscle depth (mm), median (IQR)

Proximal thigh 10.0 (8.3-13.2) 19.2 (12.8-25.7) 12.0 (8.6-16.9)

Mid-thigh 8.4 (7.0-10.2) 12.2 (7.8-16.5) 8.8 (7.0-12.9)

Distal thigh 6.8 (5.8-8.5) 9.7 (7.2-12.2) 7.9 (5.9-9.6)

Mid-calf 7.0 (6.2-7.2) 9.5 (8.6-10.5) 8.5 (7.0-9.8)

Skin surfaceeto-muscle depth greater than needle length (mm) >12.7 >15.9

Proximal thigh, no. (%) 17 (27) 19 (61) 36 (39)

Mid-thigh, no. (%) 10 (16) 9 (29) 19 (0)

Distal thigh, no. (%) 1 (2) 4 (13) 5 (5)

Mid-calf, no. (%) 0 (0) 0 (0) 0 (0)

IQR, Interquartile range.
*The median (IQR) is based on triplicate measurements.
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A possible concern of injections into the distal thigh is the risk
of the needle going into the bone. Skin surfaceeto-bone depth,
therefore, was measured at the distal thigh in 11 children ages 1 to
15 years, with BMI units (kg/m2) that ranged from 14 to 27
(median, 17). The median depth was 29.5 mm (interquartile
range, 21-36mm). The thinnest skin-to-bone depth was 16.2mm
in a 5-year-old child with a BMI of only 14 and a weight of 15 kg,
who, in an emergency, would have used an autoinjector with the
12-mm needle.

This study provides novel and important information
regarding the appropriate placement of epinephrine autoinjectors
for intramuscular rather than subcutaneous injection. Although
skin-to-muscle depth may be reduced in the process of triggering
the device, in most children, it will not be sufficient to reduce the
thickness to less than the needle length. A new epinephrine
autoinjector, Emerade (Medeca Pharma AB, Uppsala, Sweden)
with longer needle lengths (16 mm for children <30 kg and
25 mm for children and adults over this weight), currently
scheduled for launch in the United Kingdom and other northern
European countries at the end of 2013, will improve the chance
of intramuscular injection in patients who are obese. Particularly
in children who are obese, it is important to ensure that the
epinephrine is injected at least half way down the thigh. Injection
lower down the thigh or even into the mid-calf might be
considered if there is no response to the first dose given into the
thigh. Similar studies should be performed in adults as well as in
children in other parts of the world to determine how universal
these findings are.
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