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ABSTRACT

Background: Established noninvasive pharmacologic
means of alleviating pain and anxiety in children under-
going intravenous cannulation are time-consuming, and
thus impractical for routine use in the emergency depart-
ment. Vapocoolant sprays provide transient skin anesthe-
sia within seconds of application. We compared the effect
of a new vapocoolant spray to placebo on pain due to
intravenous cannulation in children.

Methods: In this double-blind randomized controlled trial,
which we conducted between June 1 and Sept. 12, 2006,
80 children aged 6-12 years received either vapocoolant
spray or placebo before cannulation. Children rated their
pain using a 100-mm colour visual analogue scale. Sec-
ondary outcomes included success rate on first attempt at
cannulation and pain ratings by the children’s parents,
nurses and child life specialists.

Results: We found a modest but significant reduction in pain
with the use of vapocoolant spray (mean difference 19 mm,
95% confidence interval [CI] 6-32 mm; p < 0.01). Cannula-
tion on first attempt was more often successful with the use
of vapocoolant spray (85.0%) than with placebo (62.5%)
(mean difference 22.5%, 95% Cl 3.2%-39.9%; p = 0.03). The
number needed to treat to prevent 1 cannulation failure
was 5 (95% Cl 3-32). Parents (p = 0.04), nurses (p = 0.01) and
child life specialists (p < 0.01) considered the children’s pain
to be reduced with the use of vapocoolant spray.

Interpretation: The vapocoolant spray in our study quickly
and effectively reduced pain due to intravenous cannula-
tion in children and improved the success rate of cannula-
tion. It is an important option to reduce childhood pro-
cedural pain in emergency situations, especially when time
precludes traditional interventions.

(ClinicalTrials.gov trial register no. NCT00130650.)
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hildren frequently undergo intravenous cannulation
in the emergency department. This painful proced-
ure causes considerable stress and anxiety for chil-
dren and their parents.' Failure to alleviate pain results in an
uncooperative child, unsuccessful procedures (increased
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reattempts), prolonged procedure time and dissatisfaction
with care for all involved.? Although pain may be reduced by
behavioural and pharmacologic interventions (e.g., age-
appropriate patient preparation, parental presence, distraction
techniques, subcutaneous local anesthetics, topical anesthetic
and systemic anesthetics), most of these preparations are im-
practical in nonelective settings because they are too time-
consuming.*"? Novel delivery approaches and new medica-
tion compositions may decrease this time."*"

Vapocoolant sprays are rapid-acting alternatives to topical
anesthetics. They provide transient anesthesia via
evaporation-induced skin cooling, which reduces pain. Re-
sults from studies of earlier vapocoolant sprays indicated that
they reduced pain due to vaccine injection in children and
adults,””"® but not pain due to intravenous cannulation in chil-
dren.””” We sought to determine whether a new product, Pain
Ease (Gebauer Company, Cleveland, Ohio), would reduce
pain with intravenous cannulation in children.

Methods

Study design and population

We conducted a double-blind randomized controlled trial be-
tween June 1 and Sept. 12, 2006, at the Children’s Hospital of
Eastern Ontario, an academic, tertiary care children’s hospital
in Ottawa, Ontario. At the time of the study, common practice
related to intravenous cannulation in our Emergency Depart-
ment included standardized patient preparation, distraction by
a child life specialist when available and use of topical anes-
thetic cream when time permitted.

Children aged 6-12 years were eligible for enrolment if
they required urgent intravenous cannulation. We consid-
ered the procedure to be urgent if it was required by the
treating physician within 30—45 minutes, which did not al-
low enough time for the use of topical anesthetic cream
(recommended application time is 45—-60 minutes before
the procedure’). We excluded patients if there was a need
for emergency vascular access, if there were contraindica-
tions to the use of vapocoolant spray (e.g., sensitivity to
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halogenated hydrocarbons, peripheral vascular disease), if
we were unable to complete the pain assessment or if the
patient had already received a topical anesthetic cream. We
approached patients only when a child life specialist was
available (about 8 hours per day). We obtained written in-
formed consent from parents and patients.

The Children’s Hospital of Eastern Ontario Research
Ethics Board approved the study. To ensure that study inter-
ventions did not lead to adverse outcomes or unacceptably
high cannulation failure rates, a data safety monitoring com-
mittee reviewed the complication outcomes of 40 patients.
The results of the interim analysis were inconclusive, so the
study completed recruitment.

Procedures

We randomly assigned patients to the active treatment or
placebo group in blocks of 10 using a random number gener-
ator. Research personnel (who were not involved in patient
enrolment) masked similar canisters of active treatment or
placebo, labelled them with a unique identifier and placed
them in sequentially numbered opaque, sealed envelopes.
Once eligibility and consent were confirmed, the research as-
sistant obtained the next envelope in sequence and recorded

the envelope number and canister identifier on the enrolment
log and data collection forms. On completion of the study, we
compared the enrolment log and master randomization list to
identify any allocation violations.

At baseline, we recorded the patient’s age, sex and his-
tory of intravenous cannulation. Anxiety can influence pain
perception, so we asked patients to rate their anxiety about
the cannulation by drawing a line on a 100-mm colour vi-
sual analogue scale,” on which 0 indicated “not scared” and
100 indicated “extremely scared.” Two researchers blinded
to treatment allocation independently measured the distance
in millimetres between O and the patient’s line. We
recorded the patient’s baseline anxiety level as the mean of
these 2 measurements. The other details that we recorded at
baseline included the location of the cannulation attempt,
the cannula size (22 or 24 gauge), nurse experience, the
child life specialist present and the distraction activity (e.g.,
I-Spy book, blowing bubbles, counting, television) chosen
by the child.

All patients received standardized age-appropriate prepara-
tion and distraction from 1 of 2 trained child life specialists dur-
ing the cannulation attempts. The nurse selected and prepared
the dorsum of the hand or antecubital fossa. Next, the research
assistant sprayed the cannulation site while all

Patients requiring an
intravenous cannulation
during study hours
n=166

——_Excluded n =86

n=15
n=8
spray n=11

e Other n=5

Y

Enrolled
n =380

T

e Did not meet inclusion criteria n =65
— Emergent/Resuscitation n =31
— Topical anesthetic already applied
— Patient unable to complete pain scale
- Contraindication to vapocoolant

e Did not consent to participate n=16

— Missed by research assistant n=2
— Language barrier n=3

Assigned to placebo
n =40

Assigned to vapocoolant
n =40

A A

others in the room looked away. We timed the
duration of the spray with a stopwatch. Residue
was removed with a sterile gauze. Within the
next 60 seconds, the nurse turned back and at-
tempted the cannulation. If the attempt was un-
successful, we completed all data collection be-
fore subsequent attempts. We did not measure
the outcomes of subsequent attempts.

Patients who were randomly assigned to the
active treatment group received vapocoolant
spray containing 1,1,1,3,3-pentafluoropropane
and 1,1,1,2-tetrafluoroethane (Pain Ease,
Gebauer Company, Cleveland, Ohio) at room
temperature, sprayed from a distance of 8-
18 cm for 4-10 seconds until the skin blanched.
Patients who were assigned to the placebo group
received sterile, normal saline spray (Nature’s
Tears, Bio-logic Aqua Technologies, Grants
Pass, Oregon) at room temperature, in a simi-
lar fashion.

Outcome measures

The primary outcome measure was the chil-
dren’s self-reported pain during intravenous
cannulation. Patients rated their pain immedi-
ately following the cannulation attempt by
drawing a line on a 100-mm colour visual ana-
logue scale,”” on which O indicated “no pain”

Completed trial;
included in analysis
n =40

Completed trial;
included in analysis
n =40

Figure 1: Flow of patients through the trial. R = randomization.
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and 100 indicated “unbearable pain.” Two re-
searchers blinded to treatment allocation in-
dependently measured the distance in millime-
tres between 0 and the patient’s line. We
recorded the patient’s pain during cannulation
as the mean of these 2 measurements.
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Secondary outcome measures included the success rate on  ceived. Finally, the nurses rated the ease of the cannulation

first attempt and assessments from the children’s parents, using a 5-point Likert scale varying from “very difficult” to
nurses and child life specialists. These observers independ-  “very easy” and rated the impact the spray had on the attempt
ently rated how much pain the child experienced using 4- using a 5-point Likert scale varying from “significantly more

point categorical scale varying from “no pain” to “large  difficult” to “significantly easier.”

pain.” They rated how satisfied they were with the child’s

pain management using a 5-point Likert scale varying from  Statistical analysis

“very unsatisfied” to “very satisfied.” In addition, each ob-  To detect a clinically important reduction of 15 mm on the
server speculated which spray they thought the child had re-  visual analogue pain scale,” we chose a sample size of

Table 1: Demographic and baseline characteristics of 80 children requiring intravenous cannulation, by study group

Study group; no. (%) of children*

Placebo Vapocoolant spray
Characteristic n =40 n =40
Age, yr, mean (SD) 9.4 (2.0) 9.4 (2.1)
Sex, male 19 (48) 23 (58)
Patients with prior intravenous cannulation 16 (40) 19 (48)
Preprocedure anxiety rating on visual analogue scale, 44.5 (32.4) 46.4 (30.4)
mm, mean (SD)
Diagnosis/reason for procedure
Orthopedic injury, fracture reduction 13 (32) 15 (38)
Nonspecific abdominal pain, appendicitis 10 (25) 3 (8)
Cellulitis or abscess 5 (12) 5 (12)
Fever, possible serious bacterial infection 4 (10) 5 (12)
Vomiting, dehydration, gastroenteritis 2 (5) 6 (15)
Other intra-abdominal pathology 3 (8) 2 (5
Migraine 2 (5) 1 @
Other 1 (2 3 (8)
Location of cannulation attempt
Dorsum of the left hand 24 (60) 23 (58)
Dorsum of the right hand 16 (40) 16 (40)
Antecubital fossa of the left arm 0 1 Q)
Antecubital fossa of the right arm 0 0
Duration of spray, s, mean (SD) 6.9 (1.7) 7.1(1.2)
Duration of cannulation attempt, s, median (interquartile range) 25 (17-47) 22 (19-31)
Cannula size
22 gauge 8 (20) 1 (2
24 gauge 32 (80) 39 (98)
Cannulation experience of the nurse, yr, median (interquartile range) 4.5 (0.5-11.0) 2.0 (0.4-6.8)
Child life specialist present
A 30 (75) 29 (72)
B 10 (25) 11 (28)
Distraction technique used
I-Spy book 19 (48) 17 (42)
20 questions” game 3 (8) 10 (25)
Hug parent 2 (5) 1 ()
Breathing/counting/blowing bubbles 7 (18) 7 (18)
Television 1 (2 2 (5
None, patient chose to watch procedure 8 (20) 3 (8)

Note: s = seconds, SD = standard deviation.
*Unless indicated otherwise.
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68 children (34 per treatment group). We assumed a 2-tailed
test, power of 80%, and type I error rate of 0.05. We in-
creased the sample to 80 (40 per group) to compensate for
dropouts or deviations in protocol.

We generated descriptive statistics to summarize partici-
pants’ profiles according to treatment group. We compared
mean pain scores using a ¢ test. We fit a linear regression
model to determine the association between the study group
and pain score, adjusting for the size of cannula used. We
categorized pain scores as “no pain” (0-9 mm), “minimal
pain” (10-39 mm), “moderate pain” (40—-69 mm) or “severe
pain” (70-100 mm), and compared the data using the

Table 2: Self-reported pain of 80 children immediately
following intravenous cannulation, by study group

Placebo
n =40

Pain rating/
category

Vapocoolant spray

n =40 p value

Rating on 56.1 (31.9) 36.9 (27.5) < 0.01
visual

analogue

scale, mm,

mean (SD)

Category, no. (%) 0.01

No pain 2 (5 (15)

(0-9 mm)
Minimal
pain (10—
39 mm)
Moderate
pain (40—
69 mm)

Severe pain
(70-100 mm)

11 (28) 14 (35)

11 (28) 15 (38)

16 (40) (12)

Note: SD = standard deviation.

Wilcoxon rank-sum test. We assessed the difference in rates
of success between the 2 study groups using a logistic regres-
sion model to allow further adjustment for cannula size. We
compared the distribution of ordinal responses from the par-
ents, nurses and child life specialists using Wilcoxon rank-
sum tests. We determined the success of blinding using the
Fisher exact test.

Funding and commercial interests

Gebauer Company provided the Pain Ease vapocoolant spray
and the placebo spray used in the study. The company pro-
vided no other support, nor did it influence the design, con-
duct or reporting of the trial.

Results

During hours when all of the required study personnel were
available, 166 children required intravenous cannulation. Fig-
ure 1 describes our selection process. We excluded 86 pa-
tients because they did not meet our inclusion criteria, did not
consent to participate or because of other reasons. We en-
rolled 80 children, randomly assigned them to the active treat-
ment or placebo group and completed the study protocol
without deviation. Baseline characteristics (Table 1) did not
differ between the 2 groups, with the exception of cannula
sizes; more patients in the active treatment group than pa-
tients in the control group received 24-gauge cannulae. We
adjusted further analyses for this imbalance.

We found that pain was significantly reduced with the use
of the vapocoolant spray (mean score 37 mm v. 56 mm with
placebo), for a mean difference of 19 mm (95% confidence
interval [CI] 6-32 mm; p < 0.01) (Table 2). This difference
remained significant (p < 0.01) after we adjusted for needle
size. Half of the children (20/40) who received the vapo-
coolant spray reported having “no pain” or “minimal pain,”

Table 3: Rating by parents, child life specialists and nurses of childrens pain an d pain management

Parents’ ratings

Child life specialists’ ratings Nurses’ ratings

Placebo* Vapocoolant* Placebo* Vapocoolant* Placebo* Vapocoolant*
Rating n =40 n =40 p value n =40 n =40 p value n =40 n =40 p value
Level of pain 0.04 0.03 0.01
No pain 6 (15) 11 (28) 1 (2 4 (10) 7 (18) 13 (32)
Small pain 15 (38) 17 (42) 23 (58) 31 (78) 17 (42) 21 (52)
Moderate pain 14 (35) 12 (30) 15 (38) 5(12) 13 (32) 6 (15)
Large pain 5(12) 0 1 (2) 0 3 (8) 0
Satisfaction with pain 0.07 <0.01 0.33
management
Very unsatisfied 2 (5 1 (2 0 0 1 (2) 1 (2)
Unsatisfied 3 (8) 0 13 (32) 5(12) 6 (15) 2 (5)
Neutral 2 (5) 3 (8) 14 (35) 11 (28) 6 (15) 8 (20)
Satisfied 16 (40) 11 (28) 12 (30) 17 (42) 14 (35) 12 (30)
Very satisfied 17 (42) 25 (62) 1 (2) 7 (18) 13 (32) 17 (42)
*Values represent no. (%) of children for whom rating applied.
34 CMAJ e JULY 1, 2008 ¢ 179(1)



Table 4: Nurses’ ratings of the difficulty of cannulation and
effect of spray on cannulation attempt

Placebo* Vapocoolant*

Rating n =40 n =40 p value
Technical difficulty
of cannulation 0.02
attempt
Very difficult 2 (5 0
Difficult 10 (25) 5(12)
Neutral 10 (25) 6 (15)
Easy 9(22) 14 (35)
Very easy 9 (22) 15 (38)
Influence of spray on
cannulation attempt 0.01
Significantly more 3 (8) 2 (5
difficult
Somewhat more 31 (78) 22 (55)
difficult
Neutral 5(12) 9 (22)
Somewhat easier 1 (2) 7 (18)
Significantly easier 0 0

*Values represent no. (%) of children for whom rating applied.

compared with 32% (13/40) of the children who received
placebo (p = 0.01).

Successful cannulation on the first attempt occurred signif-
icantly more often after the use of the vapocoolant spray
(34/40 [85%]) than after the placebo spray (25/40 [62.5%]),
for a mean difference of 22.5% (95% CI 3.2%-39.9%; p =
0.03). This difference remained significant (p = 0.02) after we
adjusted for needle size.

Secondary outcome ratings by the parents, child life spe-
cialists and nurses are presented in Table 3. Pain ratings by
all 3 groups of observers favoured the vapocoolant spray.
Child life specialists’ ratings of satisfaction with pain man-
agement significantly favoured the vapocoolant spray while
parents and nurses were satisfied similarly with pain man-
agement in both groups. Nurses rated the technical ease of
the attempt as “easy” or “very easy” more often when the
vapocoolant spray was used than when placebo was used
(mean difference 27.5%, 95% CI 5.9%-45.8%; p = 0.02)
(Table 4). They rated the attempt as “somewhat easier” or
“significantly easier” more often with the vapocoolant spray
than with placebo (mean difference 25%, 95% CI
5.4%-42.3%; p = 0.01).

Parents correctly identified which spray was given to 47
(59%) of 79 patients (p = 0.12). Nurses correctly identified the
spray for 52 (65%) of 80 patients (p = 0.01), and the child life
specialists were correct for 65 (81%) of 80 patients (p < 0.01).

We identified no immediate or delayed adverse outcomes.

Interpretation

We found that, compared with placebo, the vapocoolant
spray resulted in a 34% absolute reduction in children’s
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pain due to intravenous cannulation. About 18% more chil-
dren who received the vapocoolant spray than children who
received placebo reported having “no pain” or “minimal
pain.” This reduction in pain was achieved without delay to
cannulation. Also, we found that the success of cannulation
increased when vapocoolant spray was used; the number
needed to treat to prevent 1 cannulation failure was
5(95% CI 3-32).

Prior studies of vapocoolant sprays did not show a reduc-
tion in pain due to intravenous cannulation in children.”* We
do not know whether changes in the product composition (re-
frigerant), application process, speed of evaporation or trial
methodologies were responsible for our positive results.

In the prior studies,”” the application time of the spray
was limited to 5 seconds. As recommended by the manufac-
turer of the spray we used,” we allowed up to 10 seconds to
achieve skin blanching. Our cannulation attempt occurred
within 60 seconds after application because vapocoolant
sprays have a brief duration of action (30-60 seconds). In the
other studies'” the reported timing of cannulation was vague.
The child life specialists in our study used standardized
preparation and distraction techniques to reduce children’s
anxiety.”” We measured pain with a visual analogue scale,
which is a reliable, valid and commonly used method of as-
sessment for school-aged children.” The minimum clinically
important differences in pain scores that have been previously
reported varied from 10 to 24 mm.** Our choice of a reduc-
tion of 15 mm on the pain scale” represents a moderate but
important effect. There is no ideal control spray for studies
such as ours. In earlier trials,"”” isopropyl alcohol was used
for the control spray, which may have had an anesthetic effect
because of its rate of evaporation. The pain scores that we ob-
served in patients who received placebo were similar to those
reported in studies that used other placebos,” but they were
markedly higher than results for a placebo group in a study
involving adults.” Such a difference is to be expected because
children typically have higher baseline pain levels, possibly
because of anticipatory distress.

The reduction in pain that we observed is similar to that
reported in studies of other topical interventions.”'*** We
did not anticipate the improved cannulation success rate in
the vapocoolant group because we expected that vasocon-
striction might make cannulation more difficult. Success
rates with other agents have been varied and do not support
our observation.'>**

Our study has some limitations. We did not measure the
discomfort associated with the intervention. For example,
some patients experienced a burning sensation as their skin
was rapidly cooled. Timing prevented us from assessing this
discomfort separately from the pain due to intravenous cannu-
lation. Another concern was blinding. We successfully
blinded parents to the group allocation, but despite our ef-
forts, we were unable to blind the nurses or child life special-
ists. We anticipated that the 2 child life specialists would rec-
ognize a difference in the patients’ behaviour through
repeated participation in the study. However, because 40 dif-
ferent nurses participated, we did not anticipate that they
would recognize a difference. Residual skin blanching from
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the active treatment is likely responsible. Finally, we did not
assess whether we successfully blinded the children; how-
ever, similar to parents, child life specialists and nurses, we
should have asked the children whether they thought they had
received the active treatment or placebo.

Our results have clinical implications. The vapocoolant

spray that we used provided quick and effective reduction of
pain due to intravenous cannulation without delaying the pro-
cedure. This feature is especially important when time is lim-
ited, such as in a busy office practice or emergency depart-
ment, where topical methods of pain relief have not
traditionally been available. As well, effective pain relief
combined with improved success on first cannulation attempt
results in fewer repeat attempts, decreased procedure times
and improved satisfaction among children, parents and health
care providers. This decreases conditioned anxiety responses,
heightened pain perception associated with future proced-
ures” and risk of “blood—injection—injury phobia.”

The vapocoolant spray that we studied is a nonflam-

mable, nontoxic and ozone-friendly spray. It is easy to ap-
ply, is less expensive than alternatives, works instantan-
eously, does not require a needle or needle-like device and
is relatively innocuous. It can be used in a variety of pro-
cedures, such as intravenous cannulation, venipuncture and
vaccine injection. Side effects include rare allergic reac-
tions and minor temporary skin changes. Unfortunately,
skin changes may become permanent if the topical spray
exceeds 10 seconds because severe local hypothermia may
cause the death of local cells.

This article has been peer reviewed.
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