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The purpose of the present study was to evaluate the feasibility of using a jet injector in a split and
mixed regular and NPH insulin regimen and to compare serum glucose and free-insulin profiles obtained
with the injector and the conventional syringe and needle. Twelverinsulin=dependent:diabetic:patients
were hospitalized for 5 days. After a stabilization day, six patients received their insulin injection with
the injector for 2 days and with the syringe and needle for the following 2 days; the regimen was reversed
for the other six patients. Diet, exercise, and insulin dosage remained constant. The serum glucose
levels with the injector were consistently lower than those obtained with the syringe at all times of the
day except at 5:00 a.m. and 7:30 a.m., when mean values were similar for both treatments. Free-
insulin levels were higher with the injector from 10:30 a.m. to 4:30 p.m. These findings suggest that
insulin absorption is faster and possibly greater with the injector than with the syringe. When switching
from a syringe to an injector insulin program, insulin dose adjustment may be necessary. DIABETES CARE

1986; 9:279-82.

n spite of many promising sophisticated approaches for

a more physiologic insulin delivery,'-® multiple insulin

injections, associated with self-monitoring of blood glu-

cose (SMBG), remain the most widely used means to
achieve this goal in insulin-dependent diabetes mellitus
(IDDM).'-> Because of pain and psychological aversion to
needles, some patients are reluctant to inject themselves sev-
eral times a day. An insulin jet injector may improve patients’
compliance to multiple injection protocols. With these high-
pressure devices, insulin is ejected through a very fine hole
(diameter: 8/1000 in.). At high velocity, the shock wave
-generated in front of the insulin bolus pierces the skin and
the insulin spreads into the subcutaneous area without the
need to use a needle.

A new insulin jet injector (Preci-Jet 50, Advanced Medical
Technologies, Charlottetown, Prince Edward Island C1E 1BO,
Canada) allows the mixing of two types of insulin in variable
and accurate amounts. It weighs 160 g and measures 2 X 14
cm. It can be used easily by patients with severe visual im-
pairment. Sterilization can be accomplished at home by plac-
ing the two front parts and the covering cap in boiling water
for 20 min. Punch pressure is adjustable to individual skin
resistance. Other characteristics and the results of technical

tests are described in another article in this issue of DIABETES
CARE.?

The present study was undertaken to compare the serum
glucose and free-insulin profiles obtained with the injector to
those obtained with conventional syringe and needle injec-
tions. We used a regimen of mixed regular and NPH insulin
before breakfast and before dinner. This regimen was chosen
because it is the most widely used in our IDDM population.
It also provided the opportunity to evaluate the feasibility of
mixing two types of insulin in a jet injector.

MATERIAL AND METHODS

Patient population. Twelve volunteers with IDDM were se-
lected from the outpatient diabetes clinic at Sacré-Coeur Hos-
pital, Montreal, and gave informed consent. Patients’ ages
were 24.8 = 3.2 yr and duration of diabetes was 10.2 * 4.6
yr. These patients were normal weight except for one (patient
10: 124% ideal weight). Mean peak C-peptide concentration
after glucagon injection (1 mgi.v.) was 0.11 = 0.13 pmol/
ml (range 0.03-0.47 pmol/ml) at the time of the study.
(Normals: x = 1.28, range 0.91-1.88 pmol/ml; IDDM:
x = 0.34, range 0.08-0.78 pmol/m!.°)
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Protocol. The patients were hospitalized for 5 days. The
amount and timing of exercise, diet, and insulin dosage re-
mained constant for each patient throughout this period. The
individual programs were established at a prehospitalization
visit. On that occasion, the best “back-off” (adjustment of
the injector punch pressure) for each site (arms, abdomen,
thighs) was selected by testing with a saline solution. It also
provided the patient with an opportunity to familiarize him-
self with the device.

The patients were admitted in the evening of day 0. Day
1 was considered a stabilization day (data were not included
in the analysis). On days 2 and 3, six patients, randomly
selected, received their insulin with the jet injector while the
other six received their insulin with syringes and needles. On
days 4 and 5, the patients were crossed-over and received
their insulin with the alternate method.

The insulin regimen consisted of a mixture of regular and
NPH insulin given 30 min before breakfast and 30 min before
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the evening meal. The same injection sites were used through-
out the study. Each patient continued to use the species of
insulin (i.e., beef and pork, pork, or human) used before
entering the study in order to prevent possible change in anti-
insulin antibody binding.!'-!3

Because preliminary tests suggested faster insulin absorption
and lower serum glucose levels with the injector compared
with a syringe, the usual insulin dosage was decreased on the
first day to prevent hypoglycemia. This maneuver resulted in
serum glucose levels higher than usual for these patients, but
no further change in insulin dosage was made. On days 2—
5, a heparinized indwelling catheter was kept in place in an
antecubital vein. Blood was withdrawn before and 2 h after
each meal and every 2 h from 9:00 p.m. to 7:00 a.m. for
the determination of serum glucose and free-insulin levels.

Laboratory methods. Serum glucose was analyzed by the glu-
cose-oxidase method with a KDA analyzer (American Mon-
itor, Indianapolis, IN). The C peptide was measured by ra-
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dioimmunoassay with a kit supplied by Immunoassay Systems
Malinckrodt (St. Louis, MO). According to the manufac-
turer, there is no cross-reactivity with insulin, glucagon, se-
cretin, or gastric inhibitory polypeptide.

The free insulin was extracted from the serum with a pol-
yethylene glycol solution.!* Serum free-insulin levels were
measured by radioimmunoassay with the double-antibody pre-
cipitation methods (Bio-RIA KT-1001, Montreal, Canada).
Experimental conditions were modified (extract volume 200
pl; incubation time 17 h) to obtain a good sensitivity (3 pU/
ml) in the lower range of the standard curve, thus enabling
the detection of small increments of free-insulin levels after
insulin injection.

RESULTS

s depicted in Figure 1, the mean serum glucose
levels obtained with the injector were consis-
tently lower than those obtained with a syringe,
except at 5:00 a.m. and 7:30 a.m. when mean

values were similar for both treatments. Between-subject vari-
ability (as represented by standard deviations and coefficients
of variation) did not show any particular trend or difference
between syringe and injector serum glucose levels.

A three-factor analysis of variance was performed on the
serum glucose profiles. Results showed that both groups, char-
acterized by the instrument order, were similar (P = .290).
A preliminary analysis of variance showed no significant dif-
ference (P = .477) on the order effect. The between-day
comparison was not significant (P = .833). However, results
showed that injector serum glucose profiles were significantly
lower (P = .010) than those obtained with a conventional
syringe. Finally, none of the tested interactions was statisti-
cally significant. The within-patient variations in serum glu-
cose levels were similar whichever instrument was used.

Serum free-insulin levels (Figure 1) were significantly higher
(P = .05) with the injector than with the syringe at 10:15
a.m. and 4:15 p.m. At other times of the day, there was a
general tendency for higher values with the injector. The
within-patient variations were similar whichever device was
used; there were no order effects and none of the tested
interactions was significant.

DISCUSSION

The main objective of this trial was to compare the serum
glucose and free-insulin profiles obtained with the injector
and the syringe, by use of a split and mixed regular and NPH
insulin regimen with both methods. The results demonstrated
that the use of a jet injector for such a regimen is feasible.
Consistently lower serum glucose throughout the day followed
by an increase at the end of the night suggested that insulin
absorption was faster with the injector. The injector induced
higher free-insulin levels than the syringe from 10:15 a.m.
to 7:00 p.m. This finding was not unexpected, since Taylor
et al.’® showed lower serum glucose and higher free-insulin
levels 15 and 30 min after a regular insulin injection with a

jet injector gun (Med-E-Jet, Med-E-Jet Corp., Cleveland,
OH). However, in their study both devices gave a similar
value at 60 min. From 4 to 6 h after the injection, the pattern

" reverted to higher serum glucose and lower free-insulin levels

with the injector than with the syringe. More recently, Pehl-
ing and Gerich'® reported similar results with the Medi-Jector
(Derata, Minneapolis, MN). In our study, a faster absorption
of NPH, in addition to regular insulin, may explain the pro-
longed hyperinsulinemia and hypoglycemic effect.

The faster insulin absorption may be more advantageous.
We have the impression that, with the syringe, there is a
carry-over effect because a part of the preceding day’s insulin
continues to be absorbed during the morning. From a theo-
retical point of view, this overlapping insulin effect may com-
plicate day-to-day adjustment of insulin dosage.

More rapid insulin absorption is also desirable in protocols
in which a regular insulin bolus is given before each meal.
The postprandial rise of insulin levels that follows a conven-
tional premeal regular insulin injection is slower and of longer
duration than that of normal subjects. For this reason, it is
difficult to really match the plasma insulin levels with the
blood glucose curve. The relatively slow insulin absorption
inevitably results in early hypoinsulinization (30—60 min after
meals) and later overinsulinization (2—4 h after meals). In
recent publications, ™'® the best glycemic response was achieved
with boluses at 60 min before the meal. The earlier injections
compensated for the slow absorption and resulted in a better
matching of serum insulin and glucose peaks. However, pre-
prandial hypoglycemia was frequent and could be a major
problem. Furthermore, a 60-min lag between injections and
meals is not convenient for most patients. From a theoretical
point of view, the faster absorption observed with the injector
may allow a better matching of plasma insulin and blood
glucose peaks. The present short-term study, with fixed in-
sulin dosage, did not determine what level of diabetes control
can be achieved with the use of the injector.

In conclusion, a split and mixed insulin regimen is feasible
with the Preci-Jet 50. Insulin absorption is more rapid with
the injector than with conventional syringes. Consequently,
slight adjustments of insulin dosage are advisable when switching
from the syringe to the injector. Further studies are necessary
to determine which patients will derive the most benefit from
this method of insulin delivery.
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