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Abstract

Objective—Needle Free Jet Injection system with buffered lidocaine (J tip) has been shown to
reduce pain for intravenous line (IV) insertion, but its relationship with successful IV placement
has not been well studied. This study aimed to determine if J tip use is associated with improved
first attempt 1V placement success in children

Methods—This was a retrospective cohort study of children ages 1 to 18 years with emergent IV
placement. Approximately 300 children were selected from each of three separate age groups: 1) 1
to 2 years, 2) 3 to 6 years and 3) 7 to 18 years. The standard treatment group (No Device) included
children with an IV insertion from January 2009 through January 2010 with no J tip. The J tip
treatment group (Device) included children with an IV insertion from December 2010 through
December 2011 that received a J tip. Successful 1V placement on first attempt was the primary
outcome. Chi square test was used to compare the proportion of first attempt success and logistic
regression was performed to assess the effect of device use and patient age, sex and race on first
attempt success.

Results—A total of 958 children were enrolled, 501 in the No Device group and 457 in the
Device group. The most common diagnoses were vomiting/dehydration (30.3%), trauma/burn
(20.0%) and infection (15.5%). Overall, first attempt success was 69.0%; first attempt success was
similar between the No Device (68.7%) and Device (69.4%) groups (p=0.81). No difference in
first attempt success with the use of the Device was found in any of the age groups. Multivariate
analysis found only age of 1 to 2 years was associated with lower odds of first attempt success.
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Conclusion—The use of J tip was not associated with improved success on the first IV attempt
for children. Treatment of pain during IV placement may not be sufficient to improve placement
success.

INTRODUCTION

Venipuncture and intravenous line (1V) placement are common hospital procedures that
cause pain and anxiety to pediatric patients and their families.> A prospective study found
that 36% of children aged 3 to 6 years and 13% of children aged 7 to 17 years experienced
moderate to severe pain with venipuncture.? This pain can result in crying, movement and
resistance by the child that may result in multiple attempts before successful 1V placement.3
Multiple attempts increase not only pain and dissatisfaction, but also time to treatment and
supply costs.*

Successful IV placement has been shown to be affected by a number of patient factors
including patient age, history of prematurity, vein visibility and palpability, as well as staff
training and experience.>6 For children in particular, pain experienced during IV placement
can result in increased movement and lack of cooperation, making success more difficult.3 A
study of topical lidocaine found improved 1V placement success in children was associated
with analgesic use suggesting an intervention to decrease pain may increase placement
success.3

The Needle Free Jet Injection system with buffered lidocaine (J tip) (NDC: 8164-2001-25,
National Medical Products, Inc. Irvine, CA) is an alternative intervention that provides local
anesthetic at the site of administration in less than a minute. The device uses air, instead of a
needle, to deliver 0.2 mL of 1% buffered lidocaine subcutaneously prior to IV insertion. A
few studies have evaluated the effectiveness of this device for the treatment of pain in
children. Studies in children ages 8 to 15 years and 7 to 19 years found the J tip was more
effective than EMLA for the treatment of pain during venipuncture.”8 A study in children 5
to 18 years found J tip was superior to no intervention in reducing needle stick pain, but
found no difference between J tip with lidocaine and placebo J tip with normal saline.®

The relationship between J tip use and IV placement success was evaluated in prior studies
of analgesic effectiveness. No difference was found between J tip and topical lidocaine
cream, or between J tip, J tip with normal saline and no anesthetic.”:8 In two of these, all
children received pain treatment, therefore the J tip was not compared to no anesthetic.
These studies were also inadequately powered to determine the effect of J tip on IV success.

Since prior studies showed J tip more effectively reduced pain in children, we hypothesized
that use of J tip would improve first attempt success for children. However, J tip leaves a
wheal on the skin that may make IV placement more difficult; therefore, the alternative
hypothesis that J tip would worsen first attempt success was also investigated. This is the
first study to determine the effect of J tip compared to no anesthetic on the success of 1V
placement in children as young as 1 year of age.
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Study Design

This was retrospective cohort study. A quasi-experimental before-and-after design outlined
below, used subjects from two different time periods. This study received Institutional
Review Board approval and the requirement for written informed consent was waived.

Study Setting and Population

This study was performed in a tertiary care children’s hospital with 62,000 pediatric
Emergency Department (ED) visits per year.

Figure 1 outlines the selection of patients. The medical records of patients evaluated in the
ED with an order for intravenous line (1V) placement or 1V fluids were identified during two
different time periods (1) the “No Device” period, prior to widespread use of J tip in the ED
(January 2009 — January 2010) and (2) the “Device” period, starting ten months after its
introduction in the ED by which time it had become usual care (December 2010 — December
2011). In the “No Device” period only 11% of patients received a J tip and by the “Device”
period 76% of patients received a J tip.

Duplicate records for the same patient were eliminated. Patients were stratified by age in to
three groups based on developmental stages and previous research investigating
characteristics associated with difficult IV access: 1 — 2 years, 3 — 6 years and 7 — 18 years.*
Records were sampled at random intervals to provide the required sample size. If
inadvertent over-sampling occurred, all patients were analyzed.

Patients were included if both the IV placement and number of IV attempts were recorded in
nursing documentation. Patients were excluded if documentation was illegible, an allergy to
lidocaine was document, or if the patient triaged to a level 1 (the highest level of acuity).
During the “No Device” period, patients were excluded if a J tip was used and in the
“Device” period, patients were only included if J tip use was documented.

Study Protocol

Two trained abstractors reviewed all the written ED charts and entered the data into a
standardized electronic data form. The abstractors were not blinded to the study hypothesis.
Demographic characteristics of children were abstracted from ED registration information,
IV placement information including placement success and number of attempts was
abstracted from the written nursing documentation. Final ED discharge diagnosis, which
could potentially affect IV success, was abstracted from physician documentation. Missing
data was labeled as “not recorded”. Inter-rater agreement of chart abstractors was evaluated
for 3% of the charts with 100% agreement.

Key outcomes measures

The primary outcome was successful first attempt IV placement. The secondary outcome
was the number of documented 1V attempts.
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Data Analysis

Power Calculation—This study was powered to detect a 15% improvement in the
primary outcome: first attempt success based on a previous studies.® Prior to the study, first
attempts success was estimated to be 55-70% and a 15% improvement was determined by
experts in the field to be clinically important. 456 A change of 15% required 134 patients in
each group to obtain an alpha of 0.05 (two-sided) and a beta of 0.20. An additional 10%
were enrolled. Based on this priori calculation, each of the three age groups included 300
patients (150 No Device and 150 Device) for a total of 900 patients.

Statistical Analysis

Descriptive statistics were used to analyze the demographic data. Successful 1V placement
was reported as a percentage and compared using chi-square. Number of attempts was
compared using the Wilcoxon Rank Sum for two group comparisons and Kruskal Wallis for
three way comparisons. Bivariate analysis and multivariate analyses were performed to
evaluate the effect of device, sex, diagnosis, race/ethnicity and age on first attempt success.
A backward elimination model selection procedure was employed in multivariable analysis
with forced inclusion of Device group. A statistical significance (alpha) level of 0.05 was
used throughout and SAS WebEditor, version 2.5 (SAS Institute, Cary, NC) was used to
perform all statistical analyses.

RESULTS

A total of 1758 charts were examined (Figure 1). Of the examined charts, 1166 charts
contained required documentation about IV attempts and 958 charts met eligibility criteria
and were included. The final population included 501 children with IV placement with no J
tip (No Device) and 457 children with a J tip (Device) distributed amongst the three age
categories.

Analysis of patient characteristics revealed significant differences in race (p=0.02) and
diagnosis (p=0.02) between the No Device and Device groups, though overall groups were
similar (Table 1). Comparison of the thee age groups showed younger children were more
likely to be male (p=0.02) and Hispanic (p=0.01). Vomiting/Diarrhea was the most common
diagnosis in children age 1 to 2 years (41.5%) and 3 to 6 years old (37.0%). The most
common diagnosis in children ages 7 to 18 years was headache.

Overall, 69.0% of patients had successful first attempt IV placement. Use of the J tip was
not associated with improved first attempts success (68.6% No Device v. 69.4% Device, diff
+0.8%, 95% CI -6.0%, +7.6%) nor was it associated with improved first attempt success for
the different age groups (Figure 2).

Analysis of the number of attempts revealed the median number of 1V attempts in all
patients was 1 (IQR 1, 2; range 1-7), with no difference between the No Device and Device
groups. Each of the age groups also had a median of 1 attempt, but children ages 1 to 2 years
had significantly more attempts (IQR 1, 2; range of 1 to 7) compared to children ages 3 to 6
years (IQR 1, 2; range 1-5) and ages 7 to 18 (IQR 1, 2; range 1- 6) (p=0.02).
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Bivariate analyses were performed to evaluate patient characteristics associated with first
attempt IV placement success. (Table 2) Use of the device was not associated with increased
odds of first attempt success. Black children had decreased odds of first attempt success (OR
0.73, 95% CI 0.53 — 0.99) compared to white children. The youngest children, ages 1-2
years had a decreased odds of first attempts success compared to age group 7-18 years (OR
0.64, 95% ClI, 0.46 — 0.89). When multivariate regression analyses was performed, only age
of 1 to 2 years was found to be significantly associated with of lower odds of first attempt
success (OR 0.64, 95% ClI, 0.45 — 0.89) compared to children ages 7-18 years.

DISCUSSION

Limitations

This study demonstrated that 69% of children had a successful first IV attempt and use of J
tip was not associated with improved first attempt success. Only age of 1 to 2 years was
associated with lower success compared to older children. Further, these young children
required more IV attempts to achieve IV placement.

This study does not support the hypothesis that the J tip would improve first attempt success,
though there are several reasons why this may be true. These may include overall skill level
of providers, patient anxiety and resistance, the use of distraction to reduce pain and other
patient variables such as vein palpability and visibility that this study was unable to assess.
This finding is consistent with previous smaller studies of older children that found no
difference in IV placement success with J tip versus topical lidocaine cream or placebo and
no anesthetic.”:8:9

The proportion of patients with an IV placed on first attempt was relatively high in this
cohort at 69%. Previous studies have shown a first attempt success rate of 55-70% in
children. 356 As these patients were seen in a tertiary care ED specializing in pediatric care,
the nursing staff was experienced in IV placement in children. Nurses in this institution may
be knowledgeable on techniques to improve cooperation, even in patients experiencing pain.
The outcome may be different with providers that are not as experienced with IV placement
in young children. Also, many children may be anxious and upset with IV placement, which
may cause them to fight and resist placement. Treatment of pain may not significantly
reduce anxiety and fighting behavior in those children.

Wide variation in the number of attempts for IV placement was found, with some children
undergoing as many as seven attempts. Children ages 1 to 2 years have the lowest rate of
first attempt success and were most likely to experience multiple attempts. This has been
shown previously and may be due to multiple patient factors including smaller physical size,
adipose tissue and developmental characteristics of this age group.® As multiple attempts
increase pain and distress, continued work is needed to determine the best treatment for pain
experienced during IV placement.?

This study has several limitations, most arising from its retrospective design. Patients
without documentation of the number of IV placement attempts were excluded and may be
different than patients with attempts documented. Patient factors associated with first
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attempt success, including palpability and visibility of the vein and prematurity, were not

frequently documented in the medical record and were not included in this analysis.® Other
methods for pain reduction such as distraction or vapocoolant spray may have been used in
either group and were not accounted for in this investigation due to lack of documentation.

J tip use by the nurses was discretionary. Patients for whom the nurse elected to use the J tip
may have been different than patients in whom a J tip was not used. Use of the before-and-
after design and inclusion of patients who received “usual care” may have minimized this
effect. When all patients, regardless of J tip use, were analyzed there was still no difference
in overall first attempt success between the two time periods.

The use of J tip is not associated with improved IV placement success. Though the device
does not improve 1V placement success, it has previously been shown to decrease pain with
IV placement and therefore remains an option for decreasing venipuncture pain in
children.”8:2 Pain during 1V placement is a significant stressor to children and families and
effective interventions may reduce this stress. However, pain reduction may not
independently improve IV placement success. The J tip does not change first attempt
success for IV placement in children.
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Figure 1.
Enrollment diagram
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Figure2.
First Attempt Success Overall and by Age Group
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Table 1

Patient Characteristics by Device

Characteristic, No Device Device p value
Male, n (%) 258 (51.5) 246 (53.8)  0.47
Race, n (%) 0.02
White 242 (48.3) 199 (43.5)
Black 176 (35.1) 147 (32.2)
Hispanic 57 (11.4) 68 (14.9)
Other 26 (5.2) 43 (9.4)
Diagnosis, n (%) 0.03

Vomiting/Diarrhea

164 (32.7) 126 (27.6)

Trauma/Burn

102(20.36) 89 (19.5)

Infection

85(17.0) 63 (13.8)

Abdominal Pain

31(6.2)  54(11.8)

Headache

42 (8.4) 40 (8.8)

Other

77(154)  85(18.6)
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Table 2

Bivariate Analysis and Multivatiate Analysis of factors associated with first attempt success for IV placement
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in children

OR (95% Cl)

Bivariate Analysis

Device
No Device Referent
Device 1.03 (0.78, 1.36)
Age
1-2years 0.64 (0.46, 0.89)
3 -6 years 0.86 (0.61, 1.22)
7 - 18 years Referent
Sex
Male Referent
Female 0.9 (0.68, 1.19)
Diagnosis
Trauma/Burn Referent

Vomiting/Diarrhea

0.87 (0.58, 1.30)

Abdominal Pain

1.83 (0.98, 3.43)

Headache 1.32(0.73, 2.38)
Infection 1.04 (0.64, 1.66)
Other 0.62 (0.39, 0.96)
Race

White Referent

Black 0.73 (0.53, 0.99)
Hispanic 1.22 (0.77,1.91)
Other 1.28 (0.71, 2.29)

MultivariateAnalysis*

Device
No Device Referent
Device 1.06 (0.80, 1.40)
Age
1-2years 0.64 (0.45, 0.89)
3 -6 years 0.86 (0.61, 1.21)
7 - 18 years Referent

*
Backwards elimination model used and only significant predictors included
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