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Needle length for epinephrine prefilled syringes
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Abstract

Background: Intramuscular epinephrine is the first line drug in the treatment of anaphylaxis. This study was to identify the
appropriateness of 1 inch needle length for epinephrine prefilled syringes in children.

Methods: Children aged 1 month to 18 years were enrolled. Skin to muscle depth (STMD) and skin to bone depth
(STBD) were measured using an ultrasonography at the mid-anterolateral thigh. A 1 inch needle was considered as being
appropriate if the STBD was more than 1 inch and the STMD was less than 1 inch.

Results: Seventy five infants, 75 pre-school aged children, 75 school aged children and 147 adolescent were enrolled:
196 (52.7%) children were male. A 1 inch needle length was appropriate for 61% of the infants, for 88% of the preschool
children, for 99% of the school aged children and for 95% of the adolescents. Thigh circumference >23 cm, BMI =16
kg/m? and BW 2 6 kg in infants provided the sensitivity of 74%-96% in predicting the appropriateness of 1 inch needle.
In preschool group, thigh circumference >25 cm, BMI >13.5 kg/m* and BW > 10 kg provided the sensitivity of 98.5-100%
in predicting the appropriateness of 1 inch needle. Thigh circumference > 49 cm in adolescents provided the sensitivity of
75% in predicting that a 1 inch needle was too short.

Conclusion: One inch needle length may not be appropriated for intramuscular injection at thigh in all children. Thigh

circumference, BMI and body weight are useful for predictor for using the 1 inch needle.
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Introduction

Anaphylaxis is a serious allergic reaction that has a rapid
onset and can cause fatality. The prevalence of anaphylaxis
is gradually increasing worldwide."? Guidelines for treatment
of anaphylaxis have recommended to inject epinephrine
intramuscularly at anterolateral thigh.** Since it can provide
the early onset and higher blood level of epinephrine than
injection via subcutaneous or intramuscular at deltoid.® In
addition, those patients with a history of anaphylaxis are
strongly indicated for an adrenaline auto-injector.*” However,
epinephrine auto-injectors are unavailable or unaffordable in
some developing countries. We have recently demonstrated the
stability and the sterility of an epinephrine prefilled syringe for
use as an alternative treatment for those patients suffering from
anaphylaxis.”
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Centers for Disease Control and Prevention (CDC) has
recommended 1 inch (2.54 cm) needle for all thigh
intramuscular injection in infants and 1-1% inch (2.54-3.17
cm) needle for all thigh intramuscular injection in children
(1-18 years).® However, a recent study in children aged 1-6 years
have reported the over-penetration in 11% of children and
under-penetration in 2% of children if 1 inch needle length
was used for intramuscular injection at thigh. These authors
recommended 7%-1 inch needle length for this age group.’
The current study was to identify the appropriateness of a 1
inch needle length for epinephrine prefilled syringes and the
predictors for using a 1 inch needle for epinephrine prefilled
syringe in children and adolescents.
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Methods

A cross-sectional study was performed during January
2015 - June 2015 in children aged between 1 month to 18 years
who visited out-patient department, the day care center at
Ramathibodi hospital, Bangkok, Thailand and students from
secondary schools. The inclusion criteria were children with
normal body weight and height. We excluded children who
have chronic disease that resulted in an abnormal growth
pattern such as chronic lung disease, chronic kidney disease
and cardiovascular disease. Baseline characteristic [gender,
age, body weight, length/ height, body mass index (BMI),
thigh circumference] were recorded. The STBD and the STMD
were measured ultrasonographically with a SonoSite M-Turbo
Portable Ultrasound Machine (SonoSite Inc, Washington, USA)
by a single radiologist in a supine position at the midpoint
between the anterior superior iliac spine and the upper pole of
patella on the right thigh."” Two measurements were taken at
each site, and the mean was calculated (Figure 1). The needle
length was defined as being appropriate if the needle length
was more than the measured STMD and it was less than the
measured STBD. The needle was defined as a too long needle
if the measured STBD was equal or less than the length of the
needle and the needle was defined as a too short needle if the
measured STMD equal or greater than the length of the needle:
5/8 inch=1.58 cm, 1 inch =2.54 cm and 1.5 inch = 3.81cm.

The study sample size of 316 children [62 infants (1 month
- 2 years), 45 preschool children (>2-5 years), 62 school age
children (>5-10 years) and 147 adolescents (>10-18 years)]
was calculated from our pilot study on the average STBD and
STMD in 40 children: 10 infants, 10 preschool-aged children,
10 school-aged children and 10 adolescents. This study was

Skin to muscle distance
= minimal acceptable
needle’s length

Muscle layer

Skin to bone distance
= maximum acceptable
needle’s length

reviewed and approved by the human rights and ethic
committee of Faculty of Medicine Ramathibodi Hospital,
Mahidol University. All parents were informed written consent
and informed written assent for children aged 7 years or older
about the objective of the study.

Statistical analysis

All analyses were performed using STATA statistical
software version 14 (Stata corp LP, Texus, USA). Descriptive
statistical methods (median, mean and frequency) were
used to analyze the demographic data. Analysis of difference
between groups were performed with the chi-squared test. The
continuous variables were compared using ANOVA with
multiple comparisons. Correlations between the variables
and the STBD or the STMD were analyzed with the Pearson
correlation. Receiver operating characteristic (ROC) curves
were constructed for the STBD > 25.4 mm and the STMD <
254 mm for each parameter (body weight, length/height,
thigh circumference and BMI) to identify the most reliable
parameter to predict the appropriateness of a 1 inch needle.
Receiver operating characteristic (ROC) curves were also
constructed for the STMD > 254 cm to identify the most
reliable parameter to predict the inappropriateness (too short)
of a I inch needle.

Results

Seventy five infants, 75 pre-school aged children, 75 school
aged children and 147 adolescents were enrolled. Age ranged
from 1 month to 18 years, with a mean age of 8 years. There was
no significant difference in sex among groups.

Skin

Subcutaneous fat layer

Bone

Figure 1. Ultrasound image of anterolateral thigh. A represents skin to muscle depth (STMD), B represents skin to bone depth

(STBD).
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Correlation of the STBD and the STMD with thigh circumfer-
ence, body mass index (BMI), body weight, and height

The STBD which can represent the maximum acceptable
needle length was very strong correlated with thigh
circumference (R=0.90, p<0.001), body weight (R=0.85,
p<0.001), and height (R=0.82, p<0.001) and strong correlated
with body mass index (BMI) (R=0.70, p<0.001), (Figure 2).
The STMD which can represent the minimum acceptable
needle length was modestly correlated with thigh circumference
(R=0.27, p<0.001), body mass index (BMI) (R=0.38, p<0.001),
and body weight (R=0.16, p<0.001). In contrast to the STBD,
height was not significantly correlated with the STMD (R=0.08,
p=0.102) (Figure 3).

The appropriateness of a 1 inch needle length among age groups

To find the appropriateness for using of a 1 inch (2.54 cm)
needle length for an epinephrine prefilled syringe, number of
children who had the STBD equal or less than 2.54 cm (a 1 inch
needle is too long) and the STMD equal or greater than 2.54 cm
(a 1 inch needle is too short) were calculated. A 1 inch needle
length was appropriate for 61.3% of the infants, for 88% of the
preschool children, for 98.7% of the school aged children and
for 94.6% of the adolescents. It was too long for 38.7% of the
infants, for 12% of the preschool children and for 1.3% of the
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school aged children. However, it was too short for 5.4% of the
adolescents (Table 1).

Comparison of clinical characteristics between children whom
a 1 inch was appropriate and those whom a 1 inch needle was
inappropriate

Sex was significantly associated with the appropriateness for
a 1 inch needle in infants and adolescents. Sixty nine percent
of infants whom 1 inch was not appropriate were male. In
contrast, 87.5% of adolescents who were inappropriate for 1
inch needle were female. Infants and preschool children whom
1 inch needle were appropriate had a significantly higher
body weight than those children whom 1 inch needle were
inappropriate (8.6+1.91 kg vs 7.32+2.32 kg, p 0.02 and 13.74+
1.91 kg vs 12.06+1.46 kg, p=0.01, respectively). No significant
differences in body weight between adolescents in appropriate
and inappropriate groups. Adolescents in appropriate group
were significantly taller than those in inappropriate group
(159.7449.18 cm vs 155.55+3.55 cm, p=0.01). Infants and
preschool children in appropriate group had a significantly
higher BMI than those children in inappropriate group
(16.73+1.53 kg/m* vs 15.66+1.17 kg/m? p 0.002 and 15.74+
1.03 kg/m?* vs 14.44+0.89 kg/m?, p=0.001, respectively). Infants
and preschool children in appropriate group had a significantly
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Figure 2. Correlation of skin to bone depth with thigh circumference, body mass index (BMI), body weight, and height.
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Figure 3. Correlation of skin to muscle depth with thigh circumference, body mass index (BMI), body weight, and height.

Table 1. Comparison of the appropriate rate for 5/8 inch, 1 inch and 1.5 inch needle length among age groups

Age group Infant (1mo-2year) Preschool (>2 -5 year) School age (>5-10 year) Adolescent (> 10-18 year)
(n=75) (n=75) (n=75) (n=147)
Needle size 1.58cm 2.54cm  3.81cm 1.58cm 254cm  3.81cm 1.58cm 254cm  3.81cm 1.58cm 2.54cm  3.81cm
(5/8 in) (1 in) (1.5 in) (5/8 in) (11in) (1.5 in) (5/8 in) (1 in) (1.5 in) (5/8 in) (1 in) (1.5 in)

Appropriate 67 46 0 72 66 3 63 74 35 103 139 126
n (%) (89.3%) (61.3%) (0%) (96%) (88%) (4%) (84%) (98.7%) (46.7%) (70.1%) (94.6%) (85.7%)
Too short 7 0 0 3 0 0 12 0 0 44 8 0
n (%) (9.3%) (0%) (0%) (4%) (0%) (0%) (16%) (0%) (0%) (29.9%) (5.4%) (0%)
Too long 1 29 75 0 9 72 0 1 40 0 0 21
n (%) (1.3%) (38.7%) (100%) (0%) (12%) (96%) (0%) (1.3%) (53.3%) (0%) (0%) (14.3%)

longer thigh circumference than those children in inappropriate
group. (25.54+2.4 cm vs 22.76£3.33 cm, p<0.001 and 29.73+
2.32 cm vs 26.06+2.27 cm, p<0.001, respectively). In contrast,
adolescents in appropriate group had a significantly lower
thigh circumference than adolescents in inappropriate group
(46.92+4.74 cm vs 50.31£3.39 cm, p=0.05) (Table 2).

Comparison between the appropriate rate of a 5/8 inch needle,
a 1 inch needle and a 1.5 inch needle length among age group
In infant group, the appropriate rate was at the highest with

a 5/8 inch needle (89.7%), followed by a 1 inch needle (61.3%).
In preschool children, similar result as infant group was
demonstrated. The appropriate rate was at the highest with a
5/8 inch needle (96%), followed by a 1 inch needle (88%). In
contrast to infants and preschool children, a 1 inch needle
provided the highest appropriate rate in school aged children
(98.7%), followed by a 5/8 inch needle (84%) and a 1.5 inch
needle (46.7%). The highest appropriate rate in adolescent group
was demonstrated in a 1 inch needle (94.6%), followed by a 1.5
inch needle (85.7%) and a 5/8 inch needle (70.1%) (Table 1).
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Table 2. Comparison in clinical characteristics between group of children whom 1 inch was appropriate and those whom 1 inch

needle was inappropriate

groups# Infants N=75 Pre-school N=75 Adolescent N=147

appropriate Yes No P -value Yes No P -value Yes No P -value
Age: year, mean (SD) 0.87(0.46) 0.68(0.51) 0.11 2.93(0.72) 2.92(0.62) 0.96 14.46(1.84) 15.2(1.22) 0.26
Gender:N (%) 0.02* 1.00 0.02*
Male 19(41.3) 20(68.97) 28(42.42) 4(44.44) 83(59.7) 1(12.5)
Female 27(58.7) 9(31.03) 38(57.78) 5(55.56) 56(40.7) 7(87.5)
Weight: kg, mean 8.6(1.91) 7.37(2.38) 0.02* 13.74(1.91) 12.06(1.46) 0.01* 48.19(8.64) 49.23(5.22) 0.74
(SD)
Height: cm mean 71.4(7.86) 67.51(9.74) 0.06 93.33(6.35) 91.36(6.58) 0.38 159.74(9.18) 155.55(3.55) 0.01*
(SD)
BMI: kg/m?, mean 16.73(1.53) 15.66(1.17) 0.002* 15.74(1.03) 14.44(0.89) 0.001* 18.78(2.39) 20.39(2.49) 0.07
(SD)
Thigh circumference: 25.54(2.4) 22.76(3.33) <0.001* 29.73(2.32) 26.06(2.27) <0.001* 46.92(4.74) 50.31(3.39) 0.05*
cm, mean (SD)

#Data of school age children was not included in the table since 1 inch needle was not acceptable in only 1 school aged children,

* Statistical significant

Predictor for the appropriateness of a 1 inch needle for an
epinephrine prefilled syringe

Receiver operating characteristic (ROC) curves were
constructed for the STBD > 2.54 cm and the STMD < 2.54
cm for each parameter (body weight, length/height, thigh
circumference and BMI) to identify parameters for predicting
the appropriateness of a 1 inch needle. With a body weight >
6 kg (AUC: 0.72, p=0.001), with a thigh circumference > 23
cm (AUC: 0.73,p=0.001) and with a BMI > 16 kg/m* (AUC:
0.64, p=0.05) in infants provided the sensitivity of 74%-
96% in predicting the appropriateness for a 1 inch needle. In

preschool group, with a body weight > 10 kg (AUC: 0.75, p=
0.02), with a thigh circumference > 25 cm (AUC: 0.87, p<
0.001) and with a BMI > 13.5 kg/m* (AUC: 0.83, p=0.002)
provided the sensitivity of 99-100% in predicting the
appropriateness for a 1 inch needle. In adolescent, ROC
curves were constructed for the STMD > 2.54 cm to identify
the most reliable parameter to predict the inappropriateness
(too short) of a 1 inch needle. With a thigh circumference >
49 cm (AUC: 0.72, p=0.04) provided the sensitivity of 75% in
predicting the inappropriateness (too short) of a 1 inch needle
(Table 3).

Table 3. Cut off value for predicting the appropriateness and the inappropriateness of 1 inch needle

Weight AUC

Group

Sensitivity
%, (95% CI)

Parameter p-value

Specificity Positive Negative Accuracy
%, (95% CI) predictive value predictive value %, (95% CI)
(PPV) %, (95% (NPV) %, (95%

CI) CI)

Prediction for the appropriateness of 1 inch needle (STBD> 2.54 cm and STMD <2.54 cm )

Infants Body weight 0.64 0.05 95.7 (85.2,99.5)  34.5(17.9,54.3)  69.8 (57, 80.8) 83.3 (51.6, 97.9) 72 (60.4, 81.8)
=6 kg
Thigh circumference 0.73 0.001 93.5(82.1,98.6)  48.3(29.4, 67.5) 74.1 (61, 84.7) 82.4 (56.6, 96.2) 76 (64.7, 85.1)
=223 cm
Body mass index 0.72 0.001 73.9 (58.9,85.7) 552 (35.7,73.6)  72.3(57.4,84.4) 57.1(37.2,75.5)  66.7 (54.8,77.1)
>16 kg/m*

Pre-school  Body weight 0.75 0.02 100 (94.6, 100) 11.1 (0.3, 48.2) 89.2(79.8,95.2) 100 (2.5, 100) 89.3 (80.1, 95.3)
=10 kg
Thigh circumference 0.87 <0.001 100 (94.6, 100) 33.3(7.5,70.1) 91.7 (82.7, 96.9) 100 (29.2, 100) 92 (83.4,97)
=225 cm
Body mass index 0.83 0.002 98.5(91.8, 100) 12.5 (0.3, 52.7) 90.3 (81, 96) 50 (1.3, 98.7) 89.2(79.8, 95.2)

>13.5 kg/m*

Prediction for the inappropriateness of 1 inch needle (STMD > 2.54 cm)

Adolescent  Thigh circumference 0.72 0.04 75 (34.9, 96.8)

249 cm

62.6 (54, 70.6) 10.3 (3.9,21.2) 97.8 (92.1, 99.7) 63.3 (54.9, 71.1)
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Discussion

The needle length for delivering epinephrine to intramuscu-
lar tissues has previously studied for the suitable of the needle
length of epinephrine auto-injectors in adult and children.!*'*8
Studies in adult have shown the inadequacy of the epinephrine
auto-injector needle length especially in women.!>**** Bhalla
et al also have demonstrated that adults whom the needle
length of the epinephrine auto-injector were inadequate were
shorter, having higher BMI and larger thigh circumference.”
However, epinephrine auto-injectors are available only in
59.1% of countries according to a recent report from the
World Allergy Organization.”” It is also unaffordable in many
developing countries. Epinephrine prefilled syringes can be
alternative options for anaphylaxis patients.” In addition, the
needle length of epinephrine auto-injectors range from 1.17 to
2.5 cm depending on the manufacturer.”? The majority of the
previous studies regarding on the adequacy of the epinephrine
auto-injector needle length used the needle length of Epipen®
as a reference. Epinephrine auto-injectors also require pressure
trigger for the epinephrine delivery which produces the
compression pressure on the skin resulting in the shortening
the length of the STMD. As a result, studies regarding the
needle length for epinephrine auto-injectors may not apply for
the needle length for epinephrine prefilled syringe.

We have demonstrated that a 1 inch needle which is the
recommended needle length for all thigh intramuscular
injection in children was not appropriated for the epinephrine
prefilled syringe in a majority of infants and preschool children.
A 1 inch needle was appropriate in only 61% of the infants and
88% of the preschool children. It was too long in 39% of the
infants and 12% of the preschool children. We found that a 5/8
inch needle was more appropriate in these age groups. Lippert
and colleagues has reported that one inch needle length was
too long for intramuscular injection at thigh in 11% of children
aged 1-6 years and they suggested 7/8-1 inch needle length in
children aged less than 6 year.” A study in 40 infants and 18
toddlers found subcutaneous fat thickness plus muscle
thickness at thigh (equal to the STBD in our study) was less than
25.4 mm (1 inch) in all infants and toddlers which means that a
1 inch needle is too long for intramuscular injection at thigh.**
We have found that the male infants had a significantly lower
percentage for the appropriateness for a 1 inch needle than that
was demonstrated in the female infants (48.7% vs 75%, p=0.03).
Furthermore, body weight, BMI and thigh circumference were
significantly differences between infants and preschool children
whom 1 inch needle were appropriate and those children with 1
inch needle inappropriate.

The association of subcutaneous fat thickness and BMI
has been shown in studies in adult and children.'****” We have
proposed to use for a thigh circumference > 23 cm, with a
BMI 216 kg/m? and with a body weight > 6 kg for predicting
the appropriateness for using 1 inch needle in infants with the
sensitivity of 74-96%, the positive predictive value (PPV) 70-
74% and negative predictive value (NPV) 57-83%. We also
have proposed the cut off value for preschool children: with
a thigh circumference > 25 cm, with a BMI > 13.5 kg/m?* and
with a body weight > 10 kg as predictors for the appropriateness
for using a 1 inch needle for epinephrine prefilled syringe
with the sensitivity of 98-100%, the positive predictive value

(PPV) of 89-92% and the negative predictive value (NPV) of
50-100%. We would suggest a 5/8 inch needle for preparing the
epinephrine prefilled syringe in children who have one of
these parameters less than these specific value for preventing
intraosseous injection from the too long needle especially in
male infants.

In contrast to infants and preschool children, a 1 inch needle
is appropriate for almost all school age children. In addition,
a 1 inch needle may be too short for intramuscular injection
at thigh in adolescent especially in female. A study in adult
have shown the higher STMD in female than male.”® We have
proposed to use for a thigh circumference > 49 cm as a predictor
for using a needle length longer than 2.54 cm for preparing the
epinephrine prefilled syringe in adolescent with the sensitivity of
75%, the specificity of 63%, the negative predictive value (NPV)
of 98%. The limitation of our study is that we have enrolled only
children with normal growth parameters. Further studies on the
STMD and the STBD in all children and adolescents are needed
for the guidance for the needle length of epinephrine prefilled
syringes for all children and adolescents.

In conclusion, a 1 inch needle as recommended for
intramuscular injection at thigh in children and adolescents
may not appropriate for using for the epinephrine prefilled
syringe in all children and adolescents. It is too long for
infants and preschool children and too short for female
adolescents. Thigh circumference, BMI and body weigh are
useful parameters for predicting the ability of using a 1 inch
needle for an epinephrine prefilled syringe.
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