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OBJECTIVE — This study was designed to assess the insulin injection location in a group
of children who had their injection according to their daily practice, thought to lead to sub-
cutaneous injections.

RESEARCH DESIGN AND METHODS— The location of the insulin deposit at the
injection site was visualized using an ultrasound device.

RESULTS— The exact insulin injection location could be localized, and 18 of 59 injec-
tions (30.5%) (one injection for each child) were in the intramuscular tissue. Of the children
who had intramuscular injection, 15 of 18 were boys. The children who had an intramuscu-
lar injection had a significantly lower percentile of BMI (mean ± SE: 47 ± 8 vs. 72 ± 4, P =
0.004), lower distance from skin surface to muscle fascia without a skinfold (5.6 ± 0.6 vs. 11
± 0.7 mm, P < 0.0001), and a lower distance from skin surface to muscle fascia with a skin-
fold (8.1 ± 0.9 vs. 15.9 ± 0.8 mm, P < 0.0001) than children who had a subcutaneous
insulin injection.

CONCLUSIONS — We identified a group of children at risk for intramuscular insulin
injections and that may deserve specific injection technique and advice.

Studies on the pharmacokinetics of
insulin have shown that the site of
injection influences the duration of

action, and intramuscular injections have
been associated with a higher risk of hypo-
glycemia (1-4). So far, to determine the
site of the insulin injection (subcutaneous
or intramuscular), authors have used cor-
relation between measured depth of sub-
cutaneous fat tissue and the length of the
needles, including in children (5-8).

In a group of adult diabetic subjects,
using ultrasounds to visualize the injec-
tions of a mixture of air and saline solu-
tion, it was shown that none of the sub-
jects injected into the muscle, even though
the tissue depths were often less than the
length of the insulin syringe needle (9).

No study has been dedicated to this aspect
of the injection technique in children,
where accidental hypoglycemia may be of
peculiar deleterious consequence and in
whom distance from skin surface to mus-
cle fascia is highly variable.

Therefore, we undertook this study in
a group of diabetic children to answer the
following questions: 1) Is it possible to
localize, by using ultrasonography, the
insulin deposit in the subcutaneous or
intramuscular tissue? 2) Using their tech-
nique, how many children are routinely
performing intramuscular injections
although our current teaching technique
recommends subcutaneous injections? 3)
Is it possible to identify clinical factors that
influence the site of the injection?
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ANOVA, analysis of variance.

RESEARCH DESIGN AND
METHODS— Sixty-four consecutive
hospitalized diabetic children were
included in the study The child had to have
had IDDM for >3 months to be included.
This study was approved by the Ethical
Committee of Paris VII University.
Informed consent was obtained from the
families. The study consisted of one exami-
nation per child. Injections were performed
in the morning in the radiology ward at the
usual time. All children had a mixture of
regular and NPH insulin. Injections were
done by the child or by one of the parents
as usual and by one member of the dia-
betology team if the parents were unavail-
able (Table 1). The injection was done in a
way similar to home practice. The majority
used a syringe with a 12.7-mm long needle,
and it was injected perpendicular to the
skin surface, with a skinfold in the thigh or
arm region, as taught to them (Table 1). A
gentle whole-hand "squeeze" was per-
formed to obtain the skinfold.

An ultrasound device with a 6.5-MHz
"finger-tip" sectorial transducer (Hitachi
EUB-415 CFM) was used. All the exami-
nations were performed by the same radi-
ology specialist using the same ultrasound
apparatus. The distance from the skin sur-
face to muscle fascia, with and without a
skinfold, was first measured at the injec-
tion site, the needle was inserted into the
skin, and the end of the needle was identi-
fied with the ultrasound finger probe. The
insulin was then injected, and the insulin
deposit was visualized at the end of the
needle and its location (subcutaneous or
intramuscular) was determined.

Clinical data were recorded on each
child (Table 1) (10). Children were sepa-
rated into two groups according to the
location of the injection. Data are
expressed as means ± SE or proportions.
Analyses, using unpaired t tests for contin-
uous variables and x2 tests with continuity
correction for discrete variables were used
to compare the intramuscular group and
the subcutaneous group. An analysis of
variance (ANOVA) was used to compare
distance from the skin surface to muscle
fascia, taking into account, simultaneously,
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Table 1—Comparisons (univariate analysis) of the data between the group of children who
had intramuscular injections and the group who had subcutaneous injections

Parameter studied

Sex: (M/F)
Percentage of children
Injection site (thigh/arm/gluteal/ombilical)
Injection device (syringe/pen)
Person injecting (child/parent/team member)
Angle between needle and skin

(degrees) (90/45)
Skinfold for injection (yes/no)
Length of the needle (mm) (12.7/16)
Chronological age (years)
Duration of diabetes (years)
Percentile of BMI
Distance from skin surface to muscle

fascia without a skinfold (mm)
Distance from skin surface to muscle

fascia with a skinfold (mm)
Volume of insulin injected (ul)

Intramuscular
injection

15/3
31

7/10/1/0
16/2
9/6/3
16/2

17/1
17/1

10.3(1)
3.1 (0.7)

47(8)
5.6 (0.6)

8.1 (0.9)

432 (58)

Subcutaneous
injection

16/25
69

23/15/2/1
36/5

23/12/6
39/2

40/1
39/2

11.2(0.6)
4.2 (0.4)

72(4)
11(0.7)

15.9 (0.8)

444 (44)

P value

0.002
—
NS
NS
NS
NS

NS
NS
NS
NS

0.004
<0.0001

<0.0001

NS

Data are means ± SE, %, or n. n = 59.

two factors: sex and injection location. All
P values were two-tailed and considered
significant when probabilities were <0.05.

One child developed nausea and the
examination had to be stopped. In four
children, the insulin deposit could not be
visualized or its location in the skin could
not be determined. Therefore, the subse-
quent analyses, presented below, were
restricted to the 59 children for whom all
the data could be obtained.

RESULTS— The muscular aponeuro-
sis was visualized as hyperechogenic and
gave the limit to determine if the injection
was performed below (intramuscular) or
above (subcutaneous) this aponeurosis.
The insulin deposit was visualized as a
more or less rounded or oval structure and
appeared usually as a hyperechogenic het-
erogeneous structure.

Of the children, 18 of 59 had intra-
muscular injections, i.e., 30.5% of the
injections thought to be done with techni-
cal advice designed to lead to subcuta-
neous injections were indeed in the mus-
cle, and this was done more frequently in
males than in females (Table 1).

The measured distance from the skin
surface to muscle fascia, without a skin-
fold and with a skinfold as well as the BMI,
expressed as percentile, was significantly
less in the intramuscular group than in the
subcutaneous group (Table 1).

Taking into account the injection loca-
tion, the ANOVA showed that there was no
difference in the measured distance from
the skin surface to muscle fascia between
males and females (distance from the skin
surface to muscle fascia with a skinfold:
intramuscular group, males 8.4 ± 0.9,
females 6.6 ± 2.6; subcutaneous group,
males 14.8 ± 1.4, females 16.7 ± 1).

Therefore, we identified here a group
of children, more frequently males, with a
lower percentile of BMI and a lower ultra-
sonographically measured distance from
the skin surface to muscle fascia, prone to
intramuscular insulin injections.

CONCLUSIONS — This study showed
that the insulin deposit during the insulin
injection in diabetic children could be
directly visualized by using ultrasonogra-
phy. In contradiction with the injection
location supposed to be obtained with the
techniques taught to the children and their
parents, almost one-third of injections
made in daily life were in the intramuscular
tissue and not in the subcutaneous tissue.

So far, adult diabetic subjects and, in
one study, diabetic children have been
studied, and correlation between distance
from the skin surface to muscle fascia and
the injection location has been made, but
in none of these studies has the insulin
deposit been visualized (2,4-8,11,12).
Frid et al. (4) have documented a risk of

unexpected decrease of plasma glucose
after intramuscular injection of insulin in
the thigh in connection with leg exercise.
This finding appears of a peculiar impor-
tance in children, especially in the
younger one, where hypoglycemia may
convey a special risk on the developing
brain. Indeed with the potential use of
new analogs with faster absorption time,
the question of the depth and the precise
tissue of injection become crucial.

The distance from skin surface to
muscle fascia increased little when a skin-
fold was raised using the gentle whole-
hand squeeze, as in the study by Smith et
al. (8). Therefore, the two-finger pinch,
which may allow the subcutaneous fat tis-
sue to be gathered in a skinfold without
lifting the muscle fascia, may be the pre-
ferred technique to be validated and then
taught to children.

In summary, we identified a group of
children, mainly boys, in which adaptation
of the injection technique and/or use of
shorter needles should be studied to have
day-to-day reproducible injection sites.

Acknowledgments — M.B. was supported by
a grant from the Ministere des Affaires Etrangeres
de France during this study. This study was sup-
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Drug Interactions
The hypoglycemic action of sulfonylureas may be potentiated by certain drugs, including nonsteroidal
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evidence of clinically significant adverse interactions with uncontrolled concurrent administration of
calcium-channel blockers, estrogens, fibrates, NSAIDs, HMG CoA reductase inhibitors, sulfonamides,
or thyroid hormone.
INDICATIONS AND USAGE
AMARYL is indicated as an adjunct to diet and exercise to lower the blood glucose in patients with
noninsulin-dependent (Type II) diabetes mellitus (NIDDM) whose hyperglycemia cannot be controlled by
diet and exercise alone.

AMARYL is also indicated for use in combination with insulin to lower blood glucose in patients whose
hyperglycemia cannot be controlled by diet and exercise in conjunction with an oral hypoglycemic agent.
Combined use of glimepiride and insulin may increase the potential for hypoglycemia.
CONTRAINDICATIONS
AMARYL is contraindicated in patients with

1. Known hypersensitivity to the drug.
2. Diabetic ketoacidosis, with or without coma. This condition should be treated with insulin.

WARNINGS

SPECIAL WARNING ON INCREASED RISK OF CARDIOVASCULAR MORTALITY
The administration of oral hypoglycemic drugs has been reported to be associated with increased
cardiovascular mortality as compared to treatment with diet alone or diet plus insulin.
PRECAUTIONS
General

Hypoglycemia: All sulfonylurea drugs are capable of producing severe hypoglycemia. Patients with
impaired renal function may be more sensitive to the glucose-lowering effect of AMARYL. A starting dose
of 1 mg once daily followed by appropriate dose titration is recommended in those patients. Debilitated or
malnourished patients, and those with adrenal, pituitary, or hepatic insufficiency are particularly
susceptible to the hypoglycemic action of glucose-lowering drugs. Hypoglycemia is more likely to occur
when caloric intake is deficient, after severe or prolonged exercise, when alcohol is ingested, or when
more than one glucose-lowering drug is used.

Loss of control of blood glucose: When a patient stabilized on any diabetic regimen is exposed to
stress such as fever, trauma, infection, or surgery, a loss of control may occur. At such times, it may be
necessary to add insulin in combination with AMARYL or even use insulin monotherapy. Should
secondary failure occur with AMARYL monotherapy, AMARYL-insulin combination therapy may be
instituted. Combined use of glimepiride and insulin may increase the potential for hypoglycemia.
Information for Patients
Patients should be informed of the potential risks and advantages of AMARYL and of alternative modes
of therapy. They should also be informed about the importance of adherence to dietary instructions, of a
regular exercise program, and of regular testing of blood glucose.

The risks of hypoglycemia, its symptoms and treatment, and conditions that predispose to its
development should be explained to patients and responsible family members. The potential for primary
and secondary failure should also be explained.
Laboratory Tests
Fasting blood glucose should be monitored periodically to determine therapeutic response. Glycosylated
hemoglobin should also be monitored, usually every 3 to 6 months, to more precisely assess long-term
glycemic control.
Carcinogenesls, Mutagenesis, and Impairment of Fertility
Studies in rats at doses of up to 5000 ppm in complete feed (approximately 340 times the maximum
recommended human dose, based on surface area) for 30 months showed no evidence of carcinogenesis.
In mice, administration of glimepiride for 24 months resulted in an increase in benign pancreatic adenoma
formation which was dose related and is thought to be the result of chronic pancreatic stimulation. The
no-effect dose for adenoma formation in mice in this study was 320 ppm in complete feed, or 46-54 mg/kg
body weight/day. This is about 35 times the maximum human recommended dose of 8 mg once daily
based on surface area.

Glimepiride was non-mutagenic in a battery of in vitro and in vivo mutagenicity studies (Ames test,
somatic cell mutation, chromosomal aberration, unscheduled DNA synthesis, mouse micronucleus test).

There was no effect of glimepiride on male mouse fertility in animals exposed up to 2500 mg/kg body
weight (>1,700 times the maximum recommended human dose based on surface area). Glimepiride had
no effect on the fertility of male and female rats administered up to 4000 mg/kg body weight
(approximately 4,000 times the maximum recommended human dose based on surface area).
Pregnancy
Teratogenic Effects
Pregnancy Category C. Glimepiride did not produce teratogenic effects in rats exposed orally up to 4000
mg/kg body weight (approximately 4,000 times the maximum recommended human dose based on
surface area) or in rabbits exposed up to 32 mg/kg body weight (approximately 60 times the maximum
recommended human dose based on surface area). Glimepiride has been shown to be associated with
intrauterine fetal death in rats when given in doses as low as 50 times the human dose based on surface
area and in rabbits when given in doses as low as 0.1 times the human dose based on surface area. This
fetotoxicity, observed only at doses inducing maternal hypoglycemia, has been similarly noted with other
sulfonylureas, and is believed to be directly related to the pharmacologic (hypoglycemic) action of
glimepiride.

There are no adequate and well-controlled studies in pregnant women. On the basis of results from
animal studies, AMARYL should not be used during pregnancy. Many experts recommend that insulin be
used during pregnancy to maintain glucose levels as close to normal as possible.
Nonteratogenlc Effects
In some studies in rats, offspring of dams exposed to high levels of glimepiride during pregnancy and
lactation developed skeletal deformities consisting of shortening, thickening, and bending of the humerus
during the postnatal period. Significant concentrations of glimepiride were observed in the serum and
breast milk of the dams as well as in the serum of the pups. These skeletal deformations were determined
to be the result of nursing from mothers exposed to glimepiride.

Prolonged severe hypoglycemia (4 to 10 days) has been reported in neonates born to mothers who

were receiving a sulfonylurea drug at the time of delivery. This has been reported more frequently with the
use of agents with prolonged half-lives. Patients who are planning a pregnancy should consult their
physician, and it is recommended that they change over to insulin for the entire course of pregnancy and
lactation.
Nursing Mothers
In rat reproduction studies, significant concentrations of glimepiride were observed in the serum and
breast milk of the dams, as well as in the serum of the pups. Although it is not known whether AMARYL
is excreted in human milk, other sulfonylureas are excreted in human milk. AMARYL should be
discontinued in nursing mothers. If AMARYL is discontinued, and if diet and exercise alone are
inadequate for controlling blood glucose, insulin therapy should be considered. (See above Pregnancy,
Nonteratogenic Effects)
Pediatric Use
Safety and effectiveness in pediatric patients have not been established.
ADVERSE REACTIONS
The incidence of hypoglycemia with AMARYL, as documented by blood glucose values <60 mg/dL,
ranged from 0.9-1.7% in two large, well-controlled, 1-year studies. (See WARNINGS and PRECAUTIONS)

AMARYL has been evaluated for safety in 2,013 patients in US controlled trials, and in 1,551 patients in
foreign controlled trials. More than 1,650 of these patients were treated for at least 1 year.

Adverse events, other than hypoglycemia, considered to be possibly or probably related to study drug
that occurred in US placebo-controlled trials in more than 1 % of patients treated with AMARYL are shown
below.

Adverse Events Occurring in > 1 % AMARYL Patients
AMARYL Placebo

Total Treated
Dizziness
Asthenia
Headache
Nausea

No.
746
13
12
11
8

%
100
1.7
1.6
1.5
1.1

No.
294

1
3
4
0

%
100
0.3
1.0
1.4
0.0

Gastrointestinal Reactions
Vomiting, gastrointestinal pain, and diarrhea have been reported, but the incidence in placebo-controlled
trials was less than 1 % . Isolated transaminase elevations have been reported. Cholestatic jaundice has
been reported to occur rarely with sulfonylureas.
Dermatologic Reactions
Allergic skin reactions, e.g., pruritus, erythema, urticaria, and morbilliform or maculopapular eruptions,
occur in less than 1 % of treated patients. These may be transient and may disappear despite continued
use of AMARYL; if skin reactions persist, the drug should be discontinued. Porphyria cutanea tarda and
photosensitivity reactions have been reported with sulfonylureas.
Hematologic Reactions
Leukopenia, agranulocytosis, thrombocytopenia, hemolytic anemia, aplastic anemia, and pancytopenia
have been reported with sulfonylureas.
Metabolic Reactions
Hepatic porphyria reactions and disulfiram-like reactions have been reported with sulfonylureas; however,
no cases have yet been reported with AMARYL. Cases of hyponatremia have been reported with
glimepiride and all other sulfonylureas, most often in patients who are on other medications or have
medical conditions known to cause hyponatremia or increase release of antidiuretic hormone. The
syndrome of inappropriate antidiuretic hormone (SIADH) secretion has been reported with certain other
sulfonylureas, and it has been suggested that these sulfonylureas may augment the peripheral
(antidiuretic) action of ADH and/or increase release of ADH.
Other Reactions
Changes in accommodation and/or blurred vision may occur with the use of AMARYL. This is thought to
be due to changes in blood glucose, and may be more pronounced when treatment is initiated. This
condition is also seen in untreated diabetic patients, and may actually be reduced by treatment. In
placebo-controlled trials of AMARYL, the incidence of blurred vision was placebo, 0.7%, and AMARYL, 0.4%.
OVERDOSAGE
Overdosage can produce hypoglycemia. Mild hypoglycemic symptoms without loss of consciousness or
neurologic findings should be treated aggressively with oral glucose and adjustments in drug dosage
and/or meal patterns. Close monitoring should continue until the physician is assured that the patient is
out of danger. Severe hypoglycemic reactions with coma, seizure, or other neurological impairment occur
infrequently, but constitute medical emergencies requiring immediate hospitalization. If hypoglycemic
coma is diagnosed or suspected, the patient should be given a rapid intravenous injection of concentrated
(50%) glucose solution. This should be followed by a continuous infusion of a more dilute (10%) glucose
solution at a rate that will maintain the blood glucose at a level above 100 mg/dL. Patients should be
closely monitored for a minimum of 24 to 48 hours, because hypoglycemia may recur after apparent
clinical recovery.
DOSAGE AND ADMINISTRATION
There is no fixed dosage regimen for the management of diabetes mellitus with AMARYL or any other
hypoglycemic agent.
Usual Starting Dose
The usual starting dose of AMARYL as initial therapy is 1-2 mg once daily, administered with breakfast or
the first main meal. Those patients who may be more sensitive to hypoglycemic drugs should be started
at 1 mg once daily, and should be titrated carefully. (See PRECAUTIONS Section for patients at increased risk).

No exact dosage relationship exists between AMARYL and the other oral hypoglycemic agents. The
maximum starting dose of AMARYL should be no more than 2 mg.

Failure to follow an appropriate dosage regimen may precipitate hypoglycemia. Patients who do not
adhere to their prescribed dietary and drug regimen are more prone to exhibit unsatisfactory response to
therapy.
Usual Maintenance Dose
The usual maintenance dose is 1 to 4 mg once daily. The maximum recommended dose is 8 mg once
daily. After reaching a dose of 2 mg, dosage increases should be made in increments of no more than 2
mg at 1-2 week intervals based upon the patient's blood glucose response. Long-term efficacy should be
monitored by measurement of HbA1c levels, for example, every 3 to 6 months.
AMARYL0-Insulin Combination Therapy
Combination therapy with AMARYL and insulin may be used in secondary failure patients. The fasting
glucose level for instituting combination therapy is in the range of >150 mg/dL in plasma or serum
depending on the patient. The recommended AMARYL dose is 8 mg once daily administered with the first
main meal. After starting with low-dose insulin, upward adjustments of insulin can be done approximately
weekly as guided by frequent measurements of fasting blood glucose. Once stable, combination-therapy
patients should monitor their capillary blood glucose on an ongoing basis, preferably daily. Periodic
adjustments of insulin may also be necessary during maintenance as guided by glucose and HbA1c levels.
Specific Patient Populations
AMARYL is not recommended for use in pregnancy, nursing mothers, or children. In elderly, debilitated,
or malnourished patients, or in patients with renal or hepatic insufficiency, the initial dosing, dose
increments, and maintenance dosage should be conservative to avoid hypoglycemic reactions (See
PRECAUTIONS, General).
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