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Background: The ideal topical anesthetic to prevent venipuncture pain should have high efficacy, a quick effect, a
good safety profile, be easy to apply, low cost, and well accepted.

Objective: To compare the effectiveness of 5 topical anesthetics in children who require venipuncture.
Methodology: A randomized controlled study was conducted involving 350 children (6 - 17 years) who were
randomly allocated to 5 groups. Pain was assessed using the Visual Analog Scale (0 to 10 cm). Between-group
differences were analyzed using the Chi-square test and the Kruskal-Wallis test and within-group differences were

analyzed using the Wilcoxon test.

Results: All anesthetics were effective in preventing pain (mean pain intensity <1.1) and no between-group differ-
ences were found (p > 0.05). Ease of venous access, vein visibility and/or palpability, successful cannulation, and
the child’s cooperation were good and similar between groups (p > 0.05).

Conclusion: The differences between topical anesthetics were only significant in the procedures required for their
application and the costs, for which reason the use of ethyl chloride should be reconsidered.
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Resumo

Enquadramento: O anestésico tépico ideal para preve-
nir a dor por pungao deveria possuir alta eficicia, efeito
rapido, bom perfil de seguranca, ficil aplicagio, baixo
custo e boa aceitagio.

Objetivo: Comparar a efetividade de 5 anestésicos topi-
cos em criangas que necessitam de uma pungio venosa.
Metodologia: Estudo randomizado controlado envol-
vendo 350 criangas (6 - 17 anos) com alocagao rando-
mizada em 5 grupos. A dor foi avaliada através da Escala
Visual Analégica (0 a 10 cm). As diferencas entre os
grupos foram analisadas pelos testes do Qui-quadrado e
Kruskal-Wallis e, nos grupos, pelo teste Wilcoxon.
Resultados: Todos os anestésicos revelaram eficdcia na
prevencdo da dor (intensidade média de dor < 1,1) e
sem diferencas entre os grupos (p > 0,05). A facilidade
de puncio, visibilidade e/ou palpagao da veia, o sucesso
na puncio e a cooperacio da crianga foi boa e semelhan-
te entre os grupos (p > 0,05).

Conclusao: As diferencas significativas entre os anes-
tésicos topicos apenas existiram nos procedimentos
requeridos na sua aplicacdo e custos, pelo que se deve
repensar o uso do cloreto de etilo.
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Resumen

Marco contextual: El anestésico topico ideal para pre-
venir el dolor por puncién deberia poseer alta eficacia,
efecto rdpido, buen perfil de seguridad, fécil aplicacién,
bajo coste y buena aceptacién.

Objetivo: Comparar la efectividad de 5 anestésicos t6-
picos en ninos que necesitan una puncién venosa.
Metodologia: Estudio aleatorio controlado que invo-
lucré a 350 nifios (de 6 a 17 anos) a los cuales se los
distribuy6 de forma aleatoria en 5 grupos. El dolor se
evalud a través de la Escala Visual Analdgica (de 0 a 10
cm). Las diferencias entre los grupos se analizaron por
las pruebas de Chi cuadrado y Kruskal-Wallis y, en los
grupos, por la prueba Wilcoxon.

Resultados: Todos los anestésicos revelaron eficacia en
la prevencién del dolor (intensidad media del dolor <
1,1) y sin diferencias entre los grupos (p > 0,05). La fa-
cilidad de puncién, visibilidad y/o palpacién de la vena,
el éxito en la puncién y la cooperacién del nino fueron
buenas y similares entre los grupos (p > 0,05).
Conclusién: Solo existieron diferencias significativas
entre los anestésicos tdpicos en los procedimientos re-
queridos en su aplicacién y costes, por lo que se debe
repensar el uso del cloruro de etilo.

Palabras clave: nifo; dolor; anestésicos; enfermeria
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Introduction

Venipuncture (VP) is a routine nursing pro-
cedure which is often performed in children
and has the potential to produce pain, anx-
iety, fear, and distress if preventive measures
are not taken (Bice, Gunther, & Wyatt, 2014;
Waterhouse, Liu, & Wang, 2013; Zempsky,
2008). Many children still fear needle punc-
ture procedures (Dalvandi, Ranjbar, Hatam-
izadeh, Rahgoi, & Bernstein, 2017), which is
why more than 10% of adults report being
afraid of needles (Schechter et al., 2007).
There is a wide variety of effective pharmaco-
logical and non-pharmacological options for
preventing needle-related procedural pain. In
children, distraction and hypnosis, when care-
fully selected and implemented, are effective
in preventing this type of pain (Uman et al.,
2013), as well as sucrose in newborn infants
(Stevens, Yamada, Ohlsson, Haliburton, &
Shorkey, 2016). With regard to pharmaco-
logical interventions, there is a wide variety of
options administered by topical or inhalation
routes (Zempsky, 2008). However, the wait-
ing period to establish full analgesic effect is
a significant barrier to their use, which has
stimulated the development of new topical an-
esthetics and the revival of old ones, such as
ethyl chloride. This anesthetic stopped being
used after the development of new, safer drugs
because of its possible adverse effects, but the
controversy remains as to the use of ethyl chlo-
ride in clinical practice (Bond et al., 2016;
Fossum, Love, & April, 2016; Hogan, Smart,
Shah, & Taddio, 2014; Zempsky, 2008).

This study aimed to compare the effectiveness
of five topical anesthetics for preventing VP
pain in children in an outpatient department
of a pediatric hospital. Effectiveness covers
analgesic efficacy, safety (no adverse effects),
clinical utility (ease of venous access, good
vein visibility and/or palpability, number of
attempts until successful cannulation, and
child’s cooperation), and costs.

Background

The ideal topical anesthetic to prevent veni-
puncture pain should have high efhicacy, a
quick and enduring effect, a good safety pro-
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file, be easy to apply, low cost, and be well
accepted by children, parents, and health pro-
fessionals (Zempsky, 2008).

There are many available options, which proves
that none of them has all the ideal character-
istics. Zempsky (2008) describes several topical
anesthetics for preventing venous access pain.
The anesthetic effect of lidocaine 10% spray
usually occurs within 1 to 3 minutes and re-
mains for about 10 to 15 minutes. The anes-
thetic effect of lignocaine hydrochloride 2% gel
starts after 5 minutes and lasts approximately 20
to 30 minutes. EMLA® cream is a mixture of
2.5% lidocaine and 2.5% prilocaine, being one
of the first commercially available topical anes-
thetics to be applied to intact skin. Analgesia
occurs within 60-90 minutes and it requires an
occlusive dressing. Lidocaine 4% cream requires
30 minutes for full analgesic effect, but it also
requires an occlusive dressing. Among other op-
tions available, ethyl chloride has a reasonable
cost, is easy to apply, and has an immediate ef-
fect, which offers advantages for use in outpa-
tient departments (Soueid & Richard, 2007). It
was first used in 1955 as an anesthetic (Davies &
Molloy, 2006) and stopped being used as other
relatively safer anesthetics became available. It
functions by rapidly cooling the skin, slowing
initation and conduction of impulses in cuta-
neous sensory nerves (Zempsky, 2008). Vapo-
coolant sprays consist of volatile liquid refriger-
ants applied on intact skin immediately before
cannulation. Their rapid evaporation produces a
short analgesic effect (less than 1 minute). Their
use is safe (Farion, Splinter, Newhook, Ga-
boury, & Splinter, 2008; Fossum et al., 2016;
Griffith, Jordan, Herd, Reed, & Dalziel, 2016)
and their side effects include rare allergic reac-
tions and minor temporary skin changes. If its
application exceeds 10 seconds (minimum time
to cause skin blanching), it leads to skin cooling
with potential damage of local cells (Farion et
al., 2008); however, possible injuries are avoided
if applications do not exceed 30 seconds (Davies
& Molloy, 2006). Rare cases can be associated
with allergic contact dermatitis and prolonged
spraying can cause hypopigmentation and atro-
phic scarring, especially in people with poor
circulation. Most vapocoolant sprays contain
chemicals that are eye irritants, so eye contact
should be avoided.

The evidence on the analgesic efficacy of ethyl
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chloride is inconsistent (Farion et al., 2008;
Grifhith et al., 2016; Waterhouse et al., 2013),
partly as a result of the use of different meth-
odological procedures which confound com-
parisons. Studies use different protocols for
the application of ethyl chloride (application
time and distance to the skin), assess pain us-
ing different scales and follow-up moments,
and make comparisons using multiple vari-
ables and products, as well as very different
sample sizes.

In a recent systematic review comparing the
use of ethyl chloride vapocoolant spray with
placebo or no treatment in 1,070 children and
adults, the authors found moderate-quality
evidence indicating that use of ethyl chloride
vapocoolant spray immediately before VP re-
duced pain in approximately 1.25 cm in the
Visual Analog Scale (VAS), did not increase
the difficulty of cannulation, and caused no
serious adverse effects, despite being associat-
ed with mild discomfort during application
(Griffith et al., 2016).

In a randomized controlled study compar-
ing the efficacy of ethyl chloride vapocoolant
spray with a placebo in 80 children aged 6
to 12 years, statistically significant differenc-
es were found: reduction in VAS pain scores
when using ethyl chloride (5.6 £ 3.19 vs 3.6 %
2.75), successful cannulation on first attempt,
and improved satisfaction among children,
parents, and nurses (Farion et al., 2008).

In a cross-over experimental study with 77
children aged 5 to 13 years undergoing three
VP with a 2-hour interval, the authors com-
pared the efficacy of ethyl chloride spray with
tetracaine cream. In the first and second VI,
ethyl chloride was compared to tetracaine in
terms of efficacy. In the third VP, the anes-
thetic method used was the one chosen by the
child (ethyl chloride or tetracaine). Pain was
assessed using the Wong-Baker Faces Scale,
and the results revealed equal efficacy for both
anesthetics, but with an advantage to ethyl
chloride (1%t VP: 0.84 vs 0.97; 2 VP: 1.05
vs 1.13; 3 VP: 0.48 u5 0.91) and a greater
preference to ethyl chloride in children (56%;
Davies & Molloy, 2006).

In a study conducted with 129 children aged
9 to 18 years which compared the effect of
ethyl vinyl chloride vapocoolant spray with
a placebo spray and no spray, similar results
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were found in all groups. Mean VAS scores
for children’s self-reported pain were 3.4, 3.3,
and 3.1 cm, respectively (Costello, Ramun-
do, Christopher, & Powell, 20006).

Ethyl chloride has advantages when com-
pared to other topical anesthetics, namely its
quick action, easy application, lack of a wait-
ing time, and reduced costs. However, doubts
remain as to its analgesic efficacy and clinical
utility due to inconsistent results (Dalvandi
et al., 2017; Griffith et al., 2016; Waterhouse
etal., 2013).

Research question

What is the comparative effectiveness of five
topical anesthetics for preventing VP pain in
children in an outpatient department of a pe-

diatric hospital?

Methodology

A randomized controlled study was conduct-
ed involving 350 children (162 boys and 188
girls) aged 6 to 17 years, with a median of
11 years. These children used the outpatient
department of a pediatric hospital, accompa-
nied by their parents, and had to undergo a
VP. The following exclusion criteria were ap-
plied: children with a history of atopic der-
matitis or any other skin barrier dysfunction;
children unable to assess pain intensity using
VAS or answer the question about their de-
gree of fear.

This study was approved by the Board of Di-
rectors and Ethics Committee of the hospital
where the study was developed and followed
the recommendations of the World Medical
Association Declaration of Helsinki. Before
the children’s participation, the children’s le-
gal guardian(s) had to sign an informed con-
sent form.

A total of 15 nurses working at the depart-
ment participated in data collection, after
explanation and clarification of doubts about
the study protocol. All of them received train-
ing on how to apply the topical anesthetics
and assess pain intensity using VAS (Reed &
Van Nostran, 2014).

Participants were randomly allocated into
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five groups using the GraphPad Software Inc.
Sample size was calculated using a clinically
significant difference of 1.5 cm in VAS, as-
suming an 80% power to detect differences
at a significance level of 5% and a standard
deviation of 3 cm (Farion et al., 2008). At
least 68 observations would be required per
group, thus sample size was extended to 70
observations per group.

The intervention consisted in the application
of five topical anesthetics used in the out-
patient department for preventing VP pain
during blood sampling using a 23G butterfly
needle on the dorsum of the hand or antecu-
bital fossa. Anesthetics were applied follow-
ing the recommendations used at the hos-
pital department. Groups were distributed
as follows: Group 1 (lidocaine 10% spray) -
spraying three times at cannulation site from
a distance of approximately 5 cm, followed
by cleaning of the surrounding area using a
gauze pad and leaving it to act for 5 minutes;
Group 2 (lignocaine hydrochloride 2% gel) -
application of a thick layer followed by slight
massage until the area is demarcated, leaving
it to act for five minutes; Group 3 (lidocaine
and prilocaine EMLA® cream, 2.5%/2.5%)
- application of a thick layer of cream cov-
ered with plastic film, leaving it to act for 60
minutes; Group 4 (ethyl chloride spray) -
spraying the cannulation site from a distance
of about 10 cm for about 5 seconds or until
the skin blanched (whichever occurred first),
followed by cleaning with a gauze pad and
immediate cannulation; and Group 5 (lido-
caine 4% cream) - application of thick layer
covered with plastic film, leaving it to act for
30 minutes.

Before cannulation, children’s demograph-
ic and clinical data were collected and vein
visibility and/or palpability was assessed, as
well as children’s perception of fear and pain
intensity. Immediately after cannulation, ease
of venous access, the number of attempts un-

Revista de Enfermagem Referéncia-iv-n°i8-2018

96

til successful cannulation, the child’s coopera-
tion during the procedure, pain intensity, and
the possible adverse effects of anesthetics were
assessed.

The questionnaire for demographic and clin-
ical characterization included a self-report
question where children answered if they were
afraid or not afraid. The nurses assessed ease
of venous access, vein visibility and/or palpa-
bility, and the child’s cooperation during the
procedure as bad or good.

Pain intensity was assessed using the self-re-
port measure VAS, which measures pain from
0 cm (n0 pain) to 10 cm (maximum pain; Bai-
ley, Gravel, & Daoust, 2012).

Data were analyzed using the statistical soft-
ware IBM SPSS Statistics, version 23. Kolm-
ogorov-Smirnov test and histogram were used
to test for a normal distribution and showed
that none of the variables met the assumption
of normality. Absolute and relative frequen-
cies were used for categorical variables and
the median and the interquartile range were
used for continuous variables. In some cas-
es, to facilitate data interpretation, maximum
and minimum limits, mean, and standard
deviation were calculated. For categorical
variables, between-group differences were an-
alyzed using the Chi-square test. For continu-
ous variables, the Kruskal-Wallis test one-way
ANOVA was used for independent samples
(between-groups) and the Wilcoxon test was
used for paired samples (within-groups, be-
fore and after the VP). In all tests, statistical
significance was set at p < 0.05.

Results

The five groups showed no differences in the
sociodemographic and clinical variables, with
the exception of age. The highest median age
(13 years) was found in Group 4 and the low-
est in groups 3 and 5 (10 years; Table 1).

Prevention of venipuncture pain in children: a comparative study of
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Table 1
Childrens demographic and clinical variables

Groups
1 2 3 4 5 ’
Age, med. (IQR) 1156) 120(6) 1004 13.0(4)  10.0(4)  <0.001
Male gender, 7 (%) 38 (54.3) 36(51.4) 25(35.7) 33(47.1) 30 (42.9) NS
With chronic disease, 7 (%) 29 (41.4) 32(45.7) 38(54.3) 36(51.4) 32(45.7) NS
Previous experience of VB, 72 (%) 64 (91.4) 66 (94.3) 67 (95.7) 68(97.1) 64 (91.4) NS
Afraid, 7 (%) 39 (55.7) 28(40.0) 43 (61.4) 30(42.9) 36 (51.4) NS

Note. VP = venipuncture; med. = median; IQR = interquartile range; NS = non-significant

Vein visibility/palpability, ease of venous access,
and the child’s cooperation were similar between
groups. However, in Group 4 (ethyl chloride),
nurses reported that more children had good vein
visibility/palpability (60; 85.7%). In Group 5

(lidocaine 4% cream), cannulation was easier (63

cases; 90.0%) and children were less cooperative
(57; 81.4%). The number of attempts unil
successful cannulation was similar, first attempt
(median of 1). In Group 5 (lidocaine 4% cream),
cannulation was always successful on first attempt
(1-1), as can be seen in Table 2.

Table 2
Clinical utility of the topical anesthetics
Groups
1 2 3 4 5 ’

Good vein visibility/palpability, z (%) 58 (82.9) 58 (82.9) 54 (77.1) 60(85.7) 57 (81.4) NS
Easy cannulation, 7 (%) 61 (87.1) 59(84.3) 60(85.7) 62(88.6) 63(90.0) NS
ﬁtgzﬁﬂi?;?trﬁi;cessful cannulation, 1 (1-3) 1 (1-3) 1 (1-3) 1(1-2) 1(1-1) )
Good child’s cooperation, 7 (%) 64 (91.4) 64 (91.4) 60(85.7) 64(91.4) 57(81.4) NS

Note. med. = median; min. = minimum; max. = maximum; NS = non-significant.

All topical anesthetics showed statistically
significant differences between children’s self-
reported pain before and after cannulation in
each group (p < 0.001) and, between them,
none of them showed a statistically significant
difference in pain prevention (NS). The lowest

mean difference in pain intensity, before and
after VP, was found in Group 3 (lidocaine and
prilocaine, 2.5%/2.5%; 0.7) and the highest
was found in Group 4 (ethyl chloride; 1.1), as
shown in Table 3.

Table 3
Pain intensity in the several groups/different topical anesthetics
Groups
1 2 3 4 5 ’
Pain intensity,
M + SD; med.
(IQR)
Before VP 0.1+0.2;0(0) 0.1+0.7;0(0) 0.0+0.3;0(0) 0.0+0.1;0(0) 0.3 +1.3;0 (0) NS
After VP 1.0+1.6;0(1) 1.1+£1.6;0(2) 07+1.6;0(1) 1.1+1.7,02) 1.1+1.7;0(1) NS
2 <0.001 <0.001 <0.001 <0.001 <0.001 NS

Note. M = Mean; SD = standard deviation; med. = median; IQR = interquartile range; VP = venipuncture; NS =

non-significant.
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No adverse effects of these anesthetics were
reported.

Discussion

The analyzed topical anesthetics proved to
have analgesic efficacy for preventing VP pain
in children. Although the differences between
pain intensity before and after cannulation were
statistically significant, they were below the
clinically accepted value of 1.5 cm in the VAS
(Farion et al., 2008; Griffith etal., 2016; Hogan
et al., 2014). After the VB pain intensity was
always less than 3 cm, which is a good indica-
tor for pain management (Batalha et al., 2014).
In absolute terms, the EMLA® cream (lidocaine
and prilocaine, 2.5%/2.5%) proved to be the
most effective anesthetic and the ethyl chloride
the least effective. These results are in line with
other studies (Bond et al., 2016; Dalvandi et al.,
2017), despite not being consensual (Dalvandi
etal., 2017).

The topical anesthetics for preventing VP pain
are similar in terms of their pharmacological
action, which involves inhibition of sodium
ion channels in sensory neurons (Zempsky,
2008). The exception is ethyl chloride, which
operates by cooling the skin. Anesthetics differ
from each other mainly in how they are ap-
plied and the time required for onset of full
anesthetic effect.

The sociodemographic and clinical character-
istics were similar between groups, with the
exception of age. This difference, although
statistically significant, is not clinically signif-
icant because the anatomical and physiolog-
ical characteristics of a 10-year-old are not
very different from those of a 13-year-old.
However, the younger the child, the greater
the vulnerability to perceive pain with great-
er intensity (Zempsky, 2008). Curiously, the
group of children who received analgesia with
ethyl chloride had a higher median age than
those who received EMLA® cream (lidocaine
and prilocaine, 2.5%/2.5%). The lack of con-
trol for this variable poses doubts that must be
analyzed in future studies, not only regarding
the efficacy of the anesthetic according to age,
but also regarding the possible influence of the
anatomical and physiological characteristics
of age on pain perception in case of a painful
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stimulus such as VP. Another non-controlled
variable was the cannulation site: dorsum of
the hand or antecubital fossa. Although we are
unaware of studies exploring the differences in
pain perception based on the cannulation site,
this variable should have been controlled for.

In the past 30 years, topical anesthetics for
preventing venous access pain have evolved to-
wards reducing the time required for onset of
full anesthetic effect and the number of adverse
effects. This study found no adverse effects of
anesthetics, which contradicts unfounded fears
regarding the use of ethyl chloride (Kelly, 2008;
Soueid & Richard, 2007). Very different meth-
ods are used to apply ethyl chloride for prevent-
ing pain. The distance varies between 7 and 25
cm and the spraying time between 2 and 10
seconds (Hogan et al., 2014). The decision to
spray the area from a distance of about 10 cm
for 5 seconds or until skin blanching (which-
ever occurred first) was a conservative measure
which followed the protocol used in most of the
studies (Hogan et al., 2014) and proved to be
safe. The development of a mechanism to limit
the spraying time for a safe use would be very
useful for this type of topical anesthetics.

There is a wide range of topical anesthetics
which, despite having similar efficacy and safe-
ty, differ in the application procedures, the time
required for the analgesic effect, ease of venous
access, and costs. These variables should be con-
sidered in choosing the ideal anesthetic for a giv-
en clinical context.

Clinical utility depends on vein visibility/palpa-
bility, ease and success of cannulation, and the
child’s cooperation. In this study, anesthetics
showed similarities regarding their udility, and
it should be noted that nurses reported that
more children had better vein visibility/palpa-
bility while using ethyl chloride, which can be
explained by the immediate cannulation after
its application. The lack of interference of eth-
yl chloride in the difficulty of cannulation and,
consequently, its success were also described in
other studies (Costello et al., 2006; Griffith et
al., 2016; Taddio, Soin, Schuh, Koren, & Scol-
nik, 2005). In children who received lidocaine
4% cream, most nurses reported that cannula-
tion was easier and more successful. This find-
ing was also found when comparing its use with
a placebo (Taddio et al., 2005).

For health institutions’ managers, the cost-ben-
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efit of drugs is an important variable for choos-
ing them. Taking into account over-the-count-
er prices, the cost per application of the most
expensive anesthetic - EMLA® cream (lidocaine
and prilocaine, 2.5%/2.5%) - is 2.5 times high-
er than that of the least expensive anesthetic
- ethyl chloride. In the department where the
study was conducted, there are on average 25
samples taken per day, thus the estimated 6,375
samples would represent direct savings of 2,678
Euros per year if the least expensive anesthetic
was used.

EMLA® cream (lidocaine and prilocaine,
2.5%/2.5%) is the most expensive anesthetic
and has a greater waiting period to establish
full effect, besides requiring an occlusive dress-
ing, like lidocaine 4% cream (Zempsky, 2008).
These indirect costs must be considered in a
cost-benefit analysis, as well as parents and chil-
dren’s time away from work and school, respec-
tively, the costs with the application of the oc-
clusive dressing, and the time spent by the nurse
in this task.

This study had some methodological limita-
tions: the fact that two cannulation sites were
used, although we are unaware of studies show-
ing differences in pain perception associated
with the cannulation site; although the use of a
placebo group (innocuous intervention) could
provide more information about the effective-
ness of anesthetics or the influence of other vari-
ables, such as suggestion, it would raise ethical
issues in its implementation; and the lack of a
double-blinding, which was impossible due to
the nature of the intervention.

Some issues require further research, such as the
efficacy of anesthetics based on the child’s age,
the cannulation site, the protocol for ethyl chlo-
ride application (different distances from the
skin and spraying time), influence of suggestion
and non-pharmacological techniques, such as
distraction, and the possible effects of waiting
times on anxiety.

Conclusion

The ideal topical anesthetic to prevent veni-
puncture pain should have high efhicacy, a quick
and enduring effect, a good safety profile, be
easy to apply, low cost, and be well accepted by
children, parents, and health professionals.
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The analyzed topical anesthetics were effective
in preventing pain, had no adverse effects, and
contributed to an easy and successful cannula-
tion. The differences related to the procedures
required for their application, the waiting pe-
riods to establish full anesthetic effect, and the
costs. Ethyl chloride does not require a waiting
time between its application and VB or an oc-
clusive dressing and is considerably less expen-
sive than the other anesthetics. These character-
istics, without prejudice to the study of other
pharmacological and non-pharmacological pain
management interventions, support the recom-
mendation for the use of ethyl chloride in pre-
venting venous access pain in children. Ethyl
chloride can be particularly useful in emergency
or outpatient departments, where the waiting
period is a barrier to the implementation of
measures for preventing VP pain.
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