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Abstract

Background: After a subcutaneous injection fluid might leak out of the skin, commonly referred to as leakage or backflow.
The objective was to examine the influence of needle design and injection technique on leakage after injections in the
subcutaneous tissue of humans and pigs.

Method: Leakage data were obtained from a post hoc analysis of clinical trial data and from a pig study. Data from the clinical
study were used to determine leakage as a function of injection volume, speed and region. Data from the pig study were used
to determine leakage as a function of needle wall thickness, needle taper, injection angle, and wait time from end of injection
to withdrawal of needle from skin.

Results: Leakage volume was positively related to injection volume. Injections in the abdomen caused less leakage than
thigh injections. A 32G needle caused less leakage than a 31G and a 32G tip (tapered) needle, and a “straight in” 90° needle
insertion angle caused less leakage than an angled (~45°) insertion. Wait times of minimum 3 seconds caused less leakage
than immediate withdrawal of the needle after injection. Needle wall thickness and injection speed did not influence leakage.

Conclusions: Leakage will be minimized using a thin needle, using 90° needle insertion in the abdomen, injecting maximum

800 pL at a time, and waiting at least 3 seconds after the injection until the needle is withdrawn from the skin.
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When administering insulin via subcutaneous injections,
consistency of the injection and dose accuracy are essential;
the user must receive the dialed and expected dose of insulin.
One commonly known and well discussed event, which may
occur after an injection, is the leakage of fluid out of the skin
at the injection site, commonly referred to as either leakage
or backflow.

Studies indicate that the amount of detected leakage is not
of clinical significance." However, leakage influences the
patient perception of insulin administration, because the
patients are concerned whether they have received the cor-
rect dosage.”” Therefore, clinicians may be consulted by
concerned patients to support their choice of injection tech-
nique and pen needle.

The present article investigates how different injection
techniques and needle design factors potentially influence the
volume and frequency of leakage following subcutaneous
injections. Identified from a literature study of leakage, these
factors were chosen to be injection region (abdomen or thighs),
injection volume, injection speed, needle wall thickness,

needle taper (outer shape of needle), needle insertion angle
into the skin, and wait time after an injection until the needle is
withdrawn from the skin. The 3 first mentioned factors were
informed by analyzing unpublished leakage data from a previ-
ous clinical trial,® and the 4 latter factors were investigated in
an exploratory leakage study on pigs. See Table 1 for an over-
view of the identified factors potentially influencing leakage,
and our choice of data to substantiate our recommendation
pertaining to these factors.
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Table I. Overview of the Identified Factors Potentially Influencing Leakage, and Our Choice of Data to Substantiate Our
Recommendation Pertaining to These Factors.

Investigated factor Publications discussing the factor Post hoc analysis of clinical trial data Pig study
Injection region (abdomen/thighs) 1,2,10, Il X

Injection volume 3,8, 19-21 X

Injection speed 9,13, 14,19, 21 X

Needle wall thickness 26, 27 X
Needle taper 28 X
Needle insertion angle into the skin 3,13, 14 X
Wait time after an injection 13, 14, 19, 21-25 X

Methods
Leakage Study in Clinical Trial

The clinical trial was a single-center, 1-visit, double-blinded,
randomized controlled trial, registered at ClinicalTrials.gov
with number NCT01680328. Investigation of leakage was a
secondary objective of the trial and the amount of leakage
was a prespecified secondary endpoint, but only parts of
leakage data were analyzed and included in the publication.®
The body of clinical leakage data collected was large, and
intended for further analysis, and therefore suitable for a post
hoc analysis of factors potentially influencing leakage.

In brief, the trial included 82 injection experienced adult
subjects (mean age 54.3 years + standard deviation [SD]
11.9, 61% male, mean body mass index 26.4 kg/m* + SD 2.6)
with type 1 or type 2 diabetes mellitus (mean diabetes dura-
tion 17.9 years = SD 11.3, self-injecting for at least 6
months).® Each subject received a total of 17 sodium chloride
9 mg/mL solution injections and 2 needle insertions (no
injection), in the abdomen and thighs, and with different vol-
ume and speed combinations. Three injection speeds were
tested (150, 300, and 450 puL/s) and 4 injection volumes were
tested (400, 800, 1200, and 1600 pL). Injection speed was
controlled using a programmable syringe pump (Harvard
Apparatus, Holliston, MA, USA), and the needles were TSK
STERIJECT 6 mm 30G luer lock needles (TSK Laboratory,
Tochigi-Ken, Japan). To blind the injection speed and vol-
ume combinations for the patients, all needles were kept in
the skin for 15-20 seconds before withdrawal.® Two minutes
after each injection, leakage was measured by placing a filter
paper over the injection site until all liquid was absorbed
onto the paper (pH sticks, Macherey-Nagel, Diiren,
Germany). The area of the wet spot on the filter paper served
as a measure of the leakage and was estimated using a leak-
age evaluation scale for comparison (Figure 1).

Leakage Study on Pigs

The study was approved by the Animal Experiments
Inspectorate, the Ministry of Food, Agriculture and Fisheries,
Denmark. Two hundred injections (25 of each injection
setup) of 400 pL sodium chloride 9 mg/mL solution were

performed in the lateral part of the upper neck of 4 anesthe-
tized pigs (Landrace Yorkshire Duroc pigs of approximately
100 kg). The sample size of 25 was chosen based on previous
experience with leakage data from pig studies.’

Injections were given with NovoFine® 32G tip 6 mm
ETW (extra-thin-walled) needles (Novo Nordisk A/S,
Bagsveerd, Denmark) using perpendicular (~90°) needle
insertion, and with a 6-second wait time from end of injection
to needle withdrawal from skin unless otherwise specified.

The injection speed was controlled by hand and the inves-
tigator making all injections was trained to deliver at a speed
of approximately 100 pL/s.

The leakage after needle removal was collected and quan-
tified using the same method as in the clinical trial.

To investigate the influence of needle wall thickness,
taper, insertion angle, and wait time on leakage, the follow-
ing injection setups were used:

Needle Wall Thickness. The first NovoFine 32G tip 6 mm nee-
dle (Novo Nordisk A/S, Bagsvaerd, Denmark) was thin-
walled (TW), but was later marketed in an ETW version to
increase the inner diameter and thereby flow in the needle.
The wall thicknesses of the TW and ETW needles are 0.050
mm and 0.043 mm, respectively. These 2 needles were used
to test the effect of needle wall thickness on leakage.

Needle Taper. The NovoFine 32G tip needle has a tapered
cannula, which is 32G at the needle tip and 31G at the needle
base. Thus, to test whether cannula tapering has an effect on
leakage, and whether the amount may relate to the tip or base
diameter, the tapered needle was tested against NovoFine
31G 6 mm needles (Novo Nordisk A/S, Bagsveerd, Den-
mark) and custom-made 32G 6 mm needles identical to the
NovoFine 32G tip needles apart from having a nontapered
cannula (manufactured by Hart Needles, Sparta, MI, USA).

Needle Insertion Angle. Needles were inserted either perpen-
dicular to the skin (90°) or in a handheld estimated 45° angle.

Wait Time. Wait times of 0 (immediate withdrawal), 3, 6, and
10 seconds after end of injection were tested to compare the
wait time effect on leakage.



916

Journal of Diabetes Science and Technology 10(4)

RTITR I T T -a.g
o or 4
T B S
B & ieey
B : gt
&8 Eina : z ZIET i
: 25 Frref
il HEE
i
EII‘ g ‘I.ﬁ::::
{i"
AR
o o & 3
b s
i =
T :
=i
1
SR i
b

Figure |. Extract of the leakage comparison scale used to quantify leakage in both the pig study and the clinical trial. With volume
increments of 0.5 pL, saline was absorbed on pH filter strips from the corner. When dry, the filter strip was mounted on graph paper
with | X | mm squares. When quantifying absorbed leakage from an injection, the graph paper lines are used as help lines when
determining the amount of leakage. Figure not to scale. Full leakage comparison scale can be acquired from corresponding author.

Statistical Methods

Statistical analysis was performed using SAS JMP 10.0.2
(SAS Institute, Cary, NC, USA). All data are presented as
mean values and 95% confidence interval (CI) unless other-
wise specified. A significance level of 5% was used through-
out the study. Data of leakage volumes were analyzed by an
ANOVA model with subject, volume, nested speed (volume),
and speed x volume as fixed effects.

Results

In the clinical trial there were a total of 1392 injections and
164 needle insertions. Leakage occurred from 548 (39%) of
the injections and from 8 (5%) of the insertions. The absolute
leakage volumes from the injections ranged from 0 to 50 pL,
and the relative leakage volumes ranged from 0 to 10% of the
injected volume.

In the pig study, leakage appeared in 174 out of the 200
injections (87%). The largest amount of leakage was 12 pL
(3% of the injected volume).

Injection Region

In the clinical trial leakage was related to injection region
with abdominal injections causing both lower frequency and
smaller amount of leakage than thigh injections (P < .0001)
(Figure 2 and Table 2). Leakage was seen in 26% of abdomi-
nal injections and 44% of thigh injections (P < .0001). The
82 needle insertions without injections in the abdomen and
thighs caused leakage in 1 and 7 cases, respectively.

Injection Volume

Injection volume had impact on the leakage® so that larger
injection volume caused larger absolute leakage volumes in
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Figure 2. Leakage data from the clinical trial. Bars and error bars denote means and 95% confidence intervals (Cl), respectively. All
injections and needle insertions were performed with the same type of needle, and the needle was inserted in the skin for a total time of
15-20 seconds. Data quantities are seen in Table 2.

Table 2. Leakage Data From Clinical Trial With Leakage Mean Volumes and 95% Confidence Interval (Cl) for the Different Injection
Setups.

Level

Injection volume Leakage mean (uL),

[uL] Injection speed[uL/s] Region n [95% CI] Letter
Needle insertion Abdomen 82 0.01 [-0.54, 0.55] D
400 150 Abdomen 82 0.61 [0.06, 1.16] C D
400 300 Abdomen 8l 0.40 [-0.16, 0.95] C D
400 450 Abdomen 82 0.86 [0.31, 1.41] B, C
800 150 Abdomen 82 0.47 [-0.08, 1.02] CD
800 300 Abdomen 82 0.47 [-0.08, 1.02] CD
800 450 Abdomen 82 0.55 [0.00, 1.10] CD
1200 150 Abdomen 82 0.93 [0.39, 1.48] B, C
1200 300 Abdomen 82 0.78 [0.23, 1.33] B,C,D
1200 450 Abdomen 82 1.13 [0.58, 1.68] B, C
1600 150 Abdomen 82 2.27 [1.73, 2.82] A
1600 300 Abdomen 82 1.41 [0.87, 1.96] B
1600 450 Abdomen 82 0.59 [0.04, 1.13] CD
Needle insertion Thigh 82 0.76 [-0.56, 2.08] E
400 150 Thigh 82 1.05 [-0.27, 2.37] E
400 450 Thigh 82 1.60 [0.28, 2.92] E
800 300 Thigh 82 2.33[1.01, 3.65] E
1600 150 Thigh 82 5.65 [4.32, 6.97] F
1600 450 Thigh 8l 2.45[1.12, 3.78] E

The numbers and percentages of injections causing leakage are given. Leakage from levels not connected by the same letter are significantly different
(P < .05) (analysis performed separately for abdomen and thigh injections). The needle used for all injections and needle insertions were TSK laboratories
30G 6 mm.
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both the abdomen and thighs (P <.0001). An injection volume
of 1600 pL caused more leakage than 400 and 800 pL injec-
tions in both the abdomen and thighs (P <.001) (Figure 2 and
Table 2). There was no statistical difference in leakage between
injection volumes of 400, 800 and 1200 pL. In relative terms,
injection volume did not affect leakage volume. Leakage fre-
quency increased with increasing injection volume (P <.0001).
However, no difference in frequency was seen between 400
and 800 pL injections (27% and 28% in the abdomen and 43%
and 45% in the thighs, respectively). Similarly, there was no
difference in frequency of leakage from injections of 1200 and
1600 pL in the abdomen (37% and 42%, respectively). Leakage
frequency was 69% for 1600 pL injections in the thighs.

Injection Speed

Overall, the injection speed did not influence leakage vol-
ume or frequency. However, there was a significant interac-
tion between injection volume and speed (P < .01). This
implies that the effect on leakage volume of the injection
volume is different for different levels of injection speed. In
particular for injection volumes of 1600 pL, the amount of
leakage was negatively related to injection speed in both the
abdomen and the thighs, which was not the case for any of
the other injection volumes.

Needle Wall Thickness

Needle wall thickness did not influence the amount or fre-
quency of leakage after an injection (Figure 3a and Table 3,
injection ID 1 and 2).

Needle Taper

Needle taper influenced volume of leakage after an injection;
injections with the 32G straight needle caused less leakage
than with the 31G straight needle (P < .01) and the 32G tip
tapered needle (with 31G base) (P <.05), with estimated dif-
ferences of 2.00 pL and 1.07 pL, respectively (Figure 3b and
Table 3, injection ID 2, 3, and 4). Furthermore, the frequency
of leakage was less with the 32G straight needle as opposed
to the 32G tip tapered needle and the 31G straight needle
(64%, 91%, and 96%, respectively) (P <.01).

Needle Insertion Angle

Needle insertion angle influenced leakage after an injection,
with 45° insertion angle causing increased leakage compared
to 90° insertion angle (P <.01) (Figure 3¢ and Table 3, injec-
tion ID 2 and 5). There was no difference in frequency of
leakage between 45° and 90° injections.

Wait Time

Immediate withdrawal (wait time of 0 seconds) of the needle
from the skin after the injection influenced the leakage

(P <.0001) (Figure 3d and Table 3, injection ID 2, 6, 7, and
8). Immediate withdrawal caused more leakage than when
waiting 3 (P <.01), 6 (P <.01), or 10 (P <.01) seconds, with
estimated differences of 2.36 pL, 2.42 pL, and 2.22 pL,
respectively. There was no difference in frequency of leak-
age between the different wait times.

Discussion

In the 2 studies it was investigated how injection technique,
in terms of injection site, needle insertion angle, injection
volume, injection speed and wait time, and needle design, in
terms of wall thickness and needle taper, influence leakage
after subcutaneous injections.

Leakage Influenced by Injection Technique

Typical injection sites for a person with diabetes are the
abdomen, thighs, buttocks, and upper arms, but only injec-
tions in the abdomen and thighs have been investigated for a
relation with insulin leakage. Clinical trials provide contra-
dicting conclusions, since some have found that leakage is
more likely to occur after injections in the thighs than in the
abdomen,*®! whereas others found no relation between
injection site and leakage.”'" Our data show that when inject-
ing in the subcutaneous tissue of the abdomen, both the fre-
quency and the amount of leakage are lower than after
injections in the thighs. It is unknown why less leakage is
seen in the abdomen than in the thighs. However, a previous
study described that making a skinfold in the abdomen is
easier than in the thighs,'? which may indicate important dif-
ferences in tissue density, internal tissue pressure, or other
mechanical factors of the subcutaneous layer and the skin.
Whether the needle insertion angle influences leakage has
been discussed previously with contradicting recommenda-
tions."'* In the present study, an angled needle insertion of
45° caused more leakage than after an injection with a per-
pendicular needle insertion. This may be explained by the
fact that when using an angled insertion, the deposit of insu-
lin is situated closer to the dense dermal layer. The difference
may be that a deeper subcutaneous insulin deposition dis-
places the soft subcutaneous tissue without much resistance,
while a deposition closer to the much more resistant dermal
layer may cause higher pressure and more fluid to be forced
out of the needle puncture. Thus, using an angled insertion
might correspond to using a shorter needle. A number of
studies conclude that a shorter needle causes less or equal
amount of leakage than when using a longer needle.**'>'®
However, in these studies investigators tested not only nee-
dles of different length but also of different diameter, which
could potentially influence the results. Two prior studies iso-
lated needle length as the varying parameter and found that
when only varying the length, shorter needles cause more
leakage.”'" Therefore, the increased leakage for 45° inser-
tions in our study could potentially be explained by the closer
deposition to the dermal layer. Leakage frequency has been
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Figure 3. Leakage data from the pig study. Bars and error bars denote mean and 95% ClI, respectively. Asterisks denote a significant
difference with *P < .05 or **P < .01. Data quantities are seen in Table 3. (a) Effect of needle wall thickness on the amount of leakage

after injections. A NovoFine 32G tip 6 mm extra-thin-walled needle was tested against the same needle in the older thin-walled version.
Both needles were inserted perpendicular to the skin and with 6 seconds wait time between end of injection and needle removal from
skin. (b) Effect of needle taper on the amount of leakage after injections. Tapered NovoFine 32G tip 6 mm needles were tested against
nontapered 6 mm needles in 32G and 31G. All needles were inserted perpendicular to the skin and with 6 seconds wait time between
end of injection and needle removal from skin. (c) Effect of needle insertion angle in the skin on the amount of leakage after injections.
The NovoFine 32G tip 6 mm needles were inserted either perpendicular to the skin (90°) or in a 45° angle, and with 6 seconds
wait time between end of injection and needle removal from skin. (d) Effect of the wait time between end of injection and needle

removal from skin on the amount of leakage after injections. All needles were NovoFine 32G tip 6 mm needles which were inserted

perpendicular to the skin.

reported to be higher with perpendicular than with angled
injections (65% for perpendicular and 59% for angled, P <
.001).” In our study, there was no difference in frequency of

leakage between perpendicular and angled injections.

Larger injection volumes have been reported to cause

more leakage in absolute terms.*'**! In 1 study, the volume
of the injection did not affect the frequency of leakage.’ In
accordance with most previous studies, we found that larger
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Table 3. Leakage Data From Pig Study With Leakage Mean Volume and SD for the Different Injection Setups.

Level Needle gauge  Wall thickness Insertion angle (°) Wait time (sec) n Leakage mean (uL), [95% Cl] Letter
I 32G tip ™ 90 6 23 1.59 [0.86, 2.32] CD
2 32G tip ETW 90 6 23 1.65 [0.92, 2.38] C

3 3IG ™ 90 6 25 2.58 [1.88, 3.28] B, C

4 32G ETW 90 6 25 0.58 [-0.12, 1.28] D

5 32G tip ETW 45 6 25 3.06 [2.36, 3.76] B

6 32G tip ETW 90 0 25 4.08 [3.38, 4.78] A

7 32G tip ETW 90 3 25 1.72 [1.02, 2.42] C

8 32G tip ETW 90 10 25 1.86 [1.16, 2.56] C

The numbers and percentages of injections causing leakage are given. Leakage from levels not connected by the same letter are significantly different.
Injected volume for all injections were 400 pL with a speed of ~100 pL/s. All needles were NovoFine needles, except needle 4, which was a custom-
designed needle designed to match the NovoFine 32G tip needle on all parameters except for not being tapered.

injection volumes cause larger absolute leakage.® The rela-
tive amount of leakage did not differ for different injected
volumes, which is also in line with a published study.”' The
reason for the injection volume dependency could be an
increased tissue pressure on the insulin deposition from the
surrounding subcutaneous tissue. Thereby, a larger amount
of leakage could be pushed out of the needle puncture.
Although no difference in leakage volume was seen between
400, 800, and 1200 pL injections, the 1200 pL injections
caused leakage more frequently.

The effect of wait time on leakage has been investigated
by several research groups, resulting in that the recom-
mended wait time has decreased over the years; from 30-60
seconds in 1991," to 20 seconds in 2006,'* down to 10 sec-
onds in publications between 2010 and 2012,"**"** and 6-10
seconds in a 2011 publication.** A study from 2010 con-
cluded that there was no relationship between wait time
(more than/less than 10 seconds) and the volume of leakage
from the injection site.”> To our knowledge wait times less
than 6 seconds have not been investigated prior to our study.
Our data show that immediate withdrawal of the needle
caused more leakage than waiting as little as 3 seconds
before withdrawal. No differences were observed between
wait times of 3, 6, and 10 seconds. Thus, the subcutaneous
tissue may not need more than 3 seconds to even out the
applied pressure of an injection.

In several publications it is advised to inject slowly to
avoid leakage,''*'**! but in an experimental approach on
porcine skin, no relation between injection speed and amount
of leakage was found.” Overall, speed did not influence leak-
age in our study, but higher speed caused the numerically
largest absolute leakage, except for the injection volume of
1600 pL for which the leakage was negatively related to
injection speed. It should, however, be noted that regardless
of injection speed and dose, all needles were in the skin for a
total of 15-20 seconds to blind the injection speed and vol-
ume combination.® Thus, the 1600 pL dose at the fastest
speed of 450 pL/s had a short injection time (3.5 seconds)
followed by a long wait time (11.5-16.5 seconds), while the
1600 pL dose at lowest speed had a long injection time (10.7
seconds injection) and a short wait time (4.3-9.3 seconds).

This could explain the negative relation between injection
speed and leakage seen for 1600 pL injections. Although the
findings regarding wait time revealed that waiting times
between 3 and 10 seconds did not influence leakage, it should
be noted that the doses used to test for wait time effect on
leakage was 400 pL. For a dose 4 times as large, waiting time
might play an important role, wherefore the combination of
dose volume, speed and wait time should be assessed in
future studies.

Leakage Depending on Needle Design

Using 32G needles, needle wall thickness did not influence
leakage, which is opposed to published results®®*” where
patients self-reported leakage and voted in favor of thin
walled needles for less leakage. However, the studies were
not blinded for the experimental needle, why a bias might
have been introduced.

In the pig study, 32G tip tapered needles, with a 31G nee-
dle base, caused more leakage than 32G nontapered needles,
and numerically (nonsignificant) less leakage than the 31G
nontapered needles. Hence, injection with a tapered needle
causes an amount of leakage which quantitatively lies in
between the amount of leakage from straight needles having
the tapered needle’s tip and base diameters. Published litera-
ture conclude that when using 30G, 32G, and 34G needles, a
thinner needle causes less leakage after an injection.” Also
according to the literature, needle taper does not influence
leakage after injections®™ when comparing a 33G tip tapered
needle (28G base) to a 31G straight needle. Therefore, our
finding that leakage after injection with a tapered needle cor-
responds to using a straight needle with a diameter size
between the tip and base diameters is in agreement with pub-
lished data. Again, these results support the claim that diam-
eter is one of the most influential needle parameters when it
comes to leakage after an injection.

Strengths, Limitations, and Future Work

Anesthesia is known to reduce blood pressure, and thus tis-
sue pressure, which could potentially have influenced
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leakage in the pig study, but the anesthesia was light, so any
effect is assumed minor and negligible. Furthermore, all
experiments were conducted on pigs which all had received
the same anesthesia, so a given effect hereof is expected to be
the same for all leakage measurements in the pig study. Thus,
the differences between the different injection setups should
not have been affected by this, but possibly the absolute leak-
age volumes.

In the pig study, the subcutaneous injections caused leak-
age more frequently than in the clinical trial, roughly twice
as often. This could be due to a denser adipose tissue in pigs
than in humans caused by more fibrous tissue or different
composition of the fatty acids in porcine versus human adi-
pose tissue. It could also be due to the fact that different
injection setups were used in the 2 studies in terms of, for
example, injection speed, use of skin fold, needle type, and
wait times. For instance, it is unknown whether using a skin-
fold influences leakage since it has both been argued that
skinfold reduces leakage"'*** and has no effect on leak-
age.'"*" A limitation is that a representative skinfold lifting is
not possible in pigs, which might be due to a possible denser
dermal layer. However, the mean leakages in the clinical trial
and the pig study are in same order of magnitude, so it is
assumed that despite the skinfold limitation, the pig is a rel-
evant model for leakage investigation. Thus, it could be
interesting for future clinical studies to determine if the use
of skinfold impacts leakage.

The clinical trial demonstrated generally larger inter- and
intrasubject variations in leakage after injections than the pig
study. Of the 1556 injections and needle insertions adminis-
tered, 556 caused a leakage recorded as a volume > 0 uL. A
leakage volume greater than 10 uL, which would correspond
to 1 IU of a U100 insulin formulation, was seen in 43 cases
(2.7%). Thus, the leakage amounts were generally low and
can therefore be considered as of minor clinical relevance in
most cases of insulin use. However, the clinical relevance
can depend on other factors, for example, the potency of the
injected drug, intended dose, small-volume and pediatric
users, and whether the user of the drug is in a titration period.
Thus, leakage should always be minimized or avoided, if
possible.

Several methods of quantifying leakage after an injection
have been used in prior studies, including weighing the leak-
age,”'® using a comparison chart or scale for volume estima-
tion,*'® measuring or digitally quantifying the wet spot on
filter paper,"”'* using questionnaires or visual analog scales
comparing leakage from 2 or more injections,”®*° or by
quantifying amount of insulin hormones using ELISA*® or y
counting of radioactively marked insulin.*' In both the clini-
cal trial® and present pig study, a leakage comparison scale
was used as volume estimation of leakage after injection.
The method was chosen because the scale method with the
filter paper strips mounted on graph paper made it easy to
discriminate by approximately 0.5 uL, and it was feasible to
use.

When leakage is experienced by users, it is unknown
whether the leakage fluid is a part of the injected insulin,
interstitial fluid or blood, or a combination. The fact that
leakage can occur without injection indicates that the leakage
experienced by people with injection treatment might be a
combination of the injected drug and extracellular fluid. To
our knowledge the constituents of leakage have not been
investigated in previous studies, so this could be the topic for
future studies.

Conclusions

In conclusion, neither needle wall thickness nor injection
speed affected leakage. To minimize leakage, an injection
should be performed with perpendicular insertion of a thin
needle in the abdomen, be less than 800 pL in volume, and
the needle should be kept in the skin for 3 seconds after the
end of dose.

Abbreviations

CI, confidence interval; ETW extra thin wall; G, gauge (needle
diameter); GLP-1, glucagon-like peptide-1; mL, milliliter; mg, mil-
ligram; pL, microliter; TW, thin wall.
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