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Summary
Background: This study compared onset of sedation and satisfaction

with two needleless jet injectors with the oral route for the admin-

istration of midazolam.

Methods: Forty-five children ages 1–6 years were randomly assigned

to receive either 0.5 mg kg)1 oral midazolam, 0.2 mg kg)1 subcuta-

neous midazolam by J-Tip injector or 0.2 mg kg)1 intramuscular

midazolam by Bioject injector. After midazolam administration the

children were monitored for oxygen saturation, heart rate and level of

sedation (0, alert; 1, calm; 2, drowsy; 3, dozing; 4, asleep) every 2 min

for 20 min by a physician blinded to the route of administration.

Patient satisfaction, resistance to treatment, success of delivery,

problems with separation, and acceptance of mask at the time of

induction were evaluated after midazolam treatment.

Results: The Bioject showed a faster onset of sedation than either the

J-Tip injector or the oral midazolam (P < 0.05). The children were

significantly less satisfied with the Bioject and J-Tip administration vs

oral midazolam (P < 0.05). There were no differences in resistance,

success of delivery, problems with separation, mask acceptance,

arterial oxygen saturation or heart rate.

Conclusion: Despite children being less satisfied with Bioject injection

of midazolam, the procedure is safe, effective and provides a more

rapid onset of preoperative sedation in children than either the J-Tip

injection or oral route.
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Introduction

The jet injector provides a method for needleless

administration of drug to patients. In addition to

vaccine inoculations, several innovative applications

have been found for the jet injector system in

anesthesia (1–3). In an attempt to comply with the

Occupational Safety and Health Administration’s

(OSHA) Blood-borne Pathogen Standard, hospitals

and physicians seek to implement medical devices

that decrease the incidence of needle stick injuries.

The preoperative sedation of children presents a

difficult challenge for the anesthesiologist when the
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child refuses or only partially drinks the prescribed

oral dose of sedation. As an alternative to intramus-

cular needle injections, jet injectors, powered by

carbon dioxide, provide a means for the needleless

delivery of medications to children who may other-

wise be uncooperative or unable to take oral med-

ications (4–7). We examined the efficacy, safety, and

satisfaction levels for two needleless jet injection

systems for the administration of midazolam in

comparison with the oral route.

Methods

After obtaining Institutional Review Board approval

we enrolled 45 children ages 12 months to 6 years

who were scheduled for outpatient surgical proce-

dures under general anesthesia. The children were

randomly assigned to receive either oral midazolam

0.5 mg kg)1 or subdermal injections of midazolam

0.2 mg kg)1 via a J-Tip (National Medical Products,

Inc., Irvine, CA, USA) or a Bioject jet injector

(Biojector 2000, Bioject, Portland, OR, USA). The

dose of 0.2 mg kg)1 was based on prior investiga-

tions of the Biojector jet injector system (5,6).

Carbon dioxide powers both the J-tip and Bioject-

or systems. The disposable, single use J-tip injector is

approximately the size of a pen and can provide up

to a maximum of 1.0 ml of drug. The J-tip delivers

drug at 1400–2000 psi to a depth of approximately

4 mm. The Biojector system is a device that admin-

isters the drug according to the weight of the patient,

and is powered by carbon dioxide cartridges with

each cartridge capable of powering 10 injections. The

Biojector delivers drug using disposable syringes

with a 0.006 in-orifice to a depth of 4–8 mm at

approximately 2400 psi. For both injector systems no

needle is necessary during the preparation or deliv-

ery of the sedation.

Injections were made in the anterolateral thigh.

All children were separated from their caregivers

20 min following the administration of midazolam.

Mask anesthesia commenced with nitrous oxide and

sevoflurane.

Heart rate and oxygen saturation were measured

before and every 2 min for 20 min after the midazo-

lam administration. Level of sedation was recorded

every 2 min for 20 min by a physician blinded to the

route of administration according to the scale: 0, alert;

1, calm; 2, drowsy; 3, dozing; 4, asleep. Problemswith

separation (0, none; 1, clinging; 2, extreme) were

evaluated 20 min after midazolam treatment. Mask

acceptance (0, no; 1, yes) was measured at the time of

anesthesia induction. One investigator that was

blinded to the treatment condition evaluated the level

of sedation, separation and mask acceptance in all of

the patients. Patient drug delivery satisfaction (0,

withdrawal, crying; 1, discomforted, anxious; 2, calm,

relaxed), resistance to the treatment (0, severe resist; 1,

mild resist; 2, accept), and success of delivery (0, none;

1, some; 2, complete) were evaluated at the time of

drug delivery by one physician giving the treatment

in all children. Time of surgery and time to discharge

from the recovery room to home were recorded.

Data are presented as mean ± SDSD. Changes in heart

rate and arterial oxygen saturation over-time were

evaluated by repeated measures analysis of variance

with Dunnett’s test used for posthoc evaluation of

differences from baseline measures. Differences

between groups in sedation at each time point and

in resistance, patient satisfaction, success of delivery,

problems with separation and mask acceptance were

evaluated by Kruskal Wallis analysis of variance on

ranks with Dunn’s tests used for posthoc testing.

Results

There were no significant differences in patient

demographics, length of surgery or length of pos-

tanesthesia care (Table 1). Patient satisfaction with

drug delivery, resistance to treatment, success of

delivery, problems with child–parent separation,

and acceptance of anesthesia mask for anesthesia

are shown in Table 2. Both the Bioject and J-Tip

injector sedation treatment produced significantly

less patient satisfaction compared with the oral

treatment, but there were no other significant differ-

ences between the groups.

As shown in Figure 1, patients who received the

Bioject jet injection of midazolam showed a faster

onset of sedation than either the J-Tip injector or oral

midazolam administration. The faster onset was

statistically evident by 4 min after the midazolam

was given. The J-Tip injector system was as effective

as oral midazolam with regard to time to onset and

level of sedation. There was no difference in heart

rate between the groups during the onset of sedation

(Figure 2). No patient’s oxygen saturation decreased

below 96%.
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Discussion

The results of this study show that intramuscular

injection of midazolam using the Bioject jet injector

produced a faster onset of sedation compared with

oral or J-Tip treatment. The level of sedation was

adequate for parent–child separation and anesthetic

mask acceptance in all groups, but individual

problems were noted in oral midazolam and J-Tip

treatment that hindered the success of drug delivery.

No physiological differences in heart rate or pulse

oximetry were seen during the onset of sedation.

Patient satisfaction with the sedation treatment was

better for the oral compared with the Bioject or J-Tip

treatment, but this effect occurred without a signi-

ficant difference in resistance by the child. The data

indicate that Bioject or J-Tip administration of

Table 2
Anxiety during treatment, patient satisfaction, resistance to
treatment, success of delivery, problems of separation and
acceptance of anesthesia mask with oral, Bioject and J-Tip
treatment

Group Satisfaction Resistance Success Separation Mask

Oral 2 (1,2) 0 (0,1.75) 2 (1.25,2) 0 (0,0) 1 (1,1)
Bioject 1 (0,1)* 1 (1,1) 2 (2,2) 0 (0,0) 1 (0,1)
J-Tip 1 (0,1)* 1 (0,2) 2 (1,2) 0 (0,0) 1 (1,1)

Median (25%, 75% range); *P < 0.05 compared with oral.
Patient treatment satisfaction: 0, crying, withdrawal; 1, anxious,
discomforted; 2, calm, relaxed.
Resistance scale: 0, no resistance; 1, some; 2, severe resistance.
Success of delivery scale: 0, no success; 1, some; 2, complete
success.
Problems of separation scale: 0, no problems; 1, clinging; 2,
extreme problems.
Acceptance of mask scale: 0, no; 1, yes.
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Figure 2

Heart rate (top) and arterial oxygen saturation (bottom) after
Bioject or J-Tip injection or oral midazolam treatment. Mean ± SDSD.
There were no significant differences between groups in either
measure over-time.

Table 1

Patient gender, age, height,
weight, time of surgery and time
in postanesthesia care unit
(PACU) in children treated with
oral, Bioject or J-Tip midazolam

Group n Gender (M/F) Age (year) Height (cm) Weight (lbs) Surgery (min) PACU (min)

Oral 15 11/4 3.0 ± 1.2 97 ± 20 14 ± 3 40 ± 25 83 ± 29
Bioject 15 12/3 2.6 ± 1.0 99 ± 15 13 ± 3 37 ± 25 76 ± 20
J-Tip 15 11/4 2.3 ± 1.2 94 ± 15 17 ± 3 38 ± 28 87 ± 30

Mean ± SDSD, there were no significant differences between groups in any measure (1 kg ¼ 2.2 lbs).
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Figure 1

Mean level of sedation in groups sedated with midazolam by
Bioject and J-Tip injector and oral midazolam. *Difference from
oral treatment at each time point.
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midazolam can produce adequate sedation for

separation and acceptance of anesthesia for the

child, but with less satisfaction than the oral treat-

ment.

We found that Bioject administration of midazo-

lam produced a more rapid increase in sedation in

children than the sedation produced by oral or J-Tip

treatment. This is consistent with previous results

showing that Bioject administration of midazolam

produced as rapid an increase in plasma midazolam

levels as intramuscular needle injection (6) and

produced rapid onset of sedation in children that

did not inhibit recovery from anesthesia (5). The

sound of the injection and the injection itself pro-

duced a negative response in several children and

less satisfaction than the oral treatment, but resist-

ance in the child was modest and short lived. Other

investigators have shown that the bioject adminis-

tration of drug produced less anxiety and less pain

compared with needle injection (8,9). Our results

indicate that the direct treatment of midazolam by

jet injector is less preferable to the patient than the

more passive administration of oral midazolam. On

the other hand, the jet injector is efficient for the

administration of midazolam in a child resistant to

taking the drug by mouth.

Although we did not see a difference in the

success of drug administration between groups,

individual problems with success were seen in

patients treated with oral or J-Tip administration of

midazolam. With oral treatment, there were in-

stances when the child did not take the entire drug.

During the J-Tip treatment, we observed problems of

incomplete administration of drug if the syringe was

not pressed firmly into the thigh at the time of

injection. It is likely that these instances of incom-

plete success in drug administration contributed to a

slower onset of sedation in these patients. In con-

trast, the Bioject administration was consistently

successful for midazolam treatment. Consistent

intramuscular administration of midazolam is likely

a contributing factor for the faster onset of sedation

in the Bioject compared with oral or J-Tip treatment.

The adequacy of midazolam sedation in this

population of children is limited by the weight of

the patient with both injector systems. With a 1 ml

capacity, the highest available dose for a single

injection is 5 mg of midazolam (assuming a maxi-

mum 5 mg ml)1 solution). For larger patients one

could consider using more than one injection or

using a different agent such as ketamine.

It is a concern that cross-infection can occur with

the jet injector system related to blood contamination

of the fluid delivery system (10). Studies have shown

no hazard, or possible hazard related to cross

contamination of blood in volumes greater than

10 picoliters (11–13). The potential hazard is related

to the production of a high-pressure fluid compart-

ment under the skin that can mix with blood and

produce back pressure and fluid contamination of

the injector when the pressure of the jet has dissi-

pated. The jet injector systems may allow contamin-

ation of blood if the injector head or the fluid

delivery system is reusable (13). Cross-contamin-

ation is not a concern for the J-Tip system since it is a

single use device that is disposable. The Bioject

system has three components, including a reusable

delivery system, a reusable CO2 chamber and a

disposable needle free syringe that provides the

injection head and the fluid chamber for injection.

Since neither the J-Tip nor the Bioject disposable

syringes provide a path for cross-contagion due to

fluid backflow, the risk of blood contamination is not

present.

Determinations of patient sedation, ease of separ-

ation and mask acceptance were made by one

observer blinded to the method of drug delivery.

This decreased the potential of bias due to know-

ledge of the method of treatment. On the other hand,

patient satisfaction, resistance to treatment and

success of delivery were evaluated by a single

physician giving the treatment. This was necessary

because it was impossible to separate the child’s

response from the treatment itself. In order to

attenuate the potential effect of bias by the non-

blinded scorer, specific behavior criteria were used

to evaluate the child’s response to the treatment.

Only one blinded scorer and one nonblinded

scorer was used in this study in order to decrease

the variance that may be present due to multiple

scorers.

The cost of each treatment may be a consideration.

The Bioject injector costs $1200, the CO2 cartridge

costs $1, and the syringe for the unit costs $1.25. The

cost of the Bioject could be amortized over 2500

injections to $2.83 per injection, including $1.04 for

5 mg ml)1 midazolam. For comparison purposes,

the cost of oral midazolam would be $3.81 for 5 ml
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in our institution. The J-Tip syringe costs $1.00 per

syringe and the per injection cost would be $2.04.

This evaluation indicates that over a period of time

the treatment costs of the Bioject, J-Tip and oral

midazolam would be comparable.

In conclusion, for appropriately sized pediatric

patients both the J-Tip and Bioject systems provide

safe and effective needleless preoperative sedation

that is comparable with oral midazolam. Children

receiving midazolam by Bioject had a faster onset of

sedation compared with oral or J-Tip midazolam

treatment, but patients were more satisfied with oral

medication. Either the Bioject or J-Tip system would

be effective for producing sedation in a child that is

resistant to taking midazolam by the oral route.
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