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Abstract

Aim—To assess the efficacy of ameth-
ocaine as a topical local anaesthetic in
neonates.

Methods—A randomised, double blind
controlled trial compared 4% ameth-
ocaine gel (Ametop) with placebo in 60
healthy neonates (29 to 42 weeks of
gestation) in the first week after birth.
Either 1.5 g 4% wlw amethocaine (gel) or
1.5g placebo gel were applied to the
dorsum of one foot. No gel was applied to
the other foot. Each foot was occluded and
left for one hour. Local anaesthesia was
then assessed by eliciting the cutaneous
withdrawal reflex in response to stimula-
tion with a series of graded nylon fila-
ments (von Frey hairs). The reflex was
first elicited from the control and then the
treated foot. The difference in filament
thickness and deforming weight required
to elicit the reflex was recorded.
Results—In infants treated with ameth-
ocaine, 17 of 31 (54.8%) showed evidence
of local anaesthetic action compared with
five of 29 (17.2%) in the placebo group
(p=0.003). The mean difference in de-
forming weight required to elicit the reflex
was 18.8 g in the amethocaine group com-
pared with 3.9 g in the placebo group
(p=0.02). The apparent local anaesthetic
action of the placebo can be explained by
habituation to repeated stimulation.
Conclusions—It is concluded that topical
amethocaine gel has a local anaesthetic
action on neonatal skin which merits
further investigation. An effective and safe
surface local anaesthetic would be valu-
able for the relief of procedure related
pain in neonates.

(Arch Dis Child Fetal Neonatal Ed 2000;82:F42-F45)
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Painful and invasive procedures are commonly
performed in neonates, especially in intensive
care units. Heel prick blood sampling and
venepuncture are the most common proce-
dures that pierce the skin; they are needed for
the routine care of healthy term and sick
premature infants alike." Modification of the
technique of sampling plays some part in pain
reduction,” but a topical local anaesthetic
would be very useful. Topical local anaesthetics
are widely used to relieve the pain of venepunc-
ture in children, but their use in neonates has
been less successful. A successful topical local
anaesthetic should be quick acting, effective,
safe and should not interfere with the proce-

dure involved. Studies on lignocaine and
lignocaine/prilocaine eutectic mixture in ne-
onates have produced disappointing results.>®
Amethocaine is an alternative. It can provide
effective and safe surface local anaesthesia in
children.” There is no information on the
effectiveness of amethocaine in neonates, so we
have explored its efficacy in this age group.

Methods

We conducted a randomised double blind con-
trolled trial. Surface local anaesthesia was
assessed by eliciting the cutaneous withdrawal
reflex in response to stimulation of the dorsum
of the foot. To provide a graded range of
stimuli, we used a series of 20 von Frey hairs.
The von Frey hair consists of a flexible nylon
filament attached at right angles to one end of
a perspex holder. Each filament has a different
thickness, ranging from very fine to thick. The
nylon filament is placed on to the dorsum of
the foot and deformed by downward pressure.
A measurable and reproducible weight is
required to deform the filament. When the
stimulus exceeds the threshold of the reflex, the
cutaneous withdrawal reflex is elicited. This
reflex consists of fanning of the toes, followed
by flexion of the ankle, knee and hip and with-
drawal of the leg.

Our protocol is summarised in fig 1. For
every subject, the baby’s right foot acted as the
untreated control and the left as the treated
foot. We applied a marker ring to the dorsum of
each foot. This defined and exposed a circular
area of skin 1 cm in diameter which was used
for testing. On the treated foot within the
marker ring, we applied either 1.5 g of placebo
or 1.5 g of 4% amethocaine gel (Ametop). The
placebo was identical in every way except for
the absence of amethocaine. We covered each
foot with an occlusive dressing and left the
baby alone (fig 1A). An hour later, the
occlusive dressings were removed and any
excess gel wiped from the treated foot. The
control foot was always tested first. The grade
of filament was increased until the cutaneous
withdrawal reflex was elicited (fig 1B). The
filament number and its corresponding de-
forming weight were recorded. This was
repeated in the same way on the treated foot
until the reflex was again elicited (fig 1C). The
difference in thickness of filament required to
elicit the cutaneous withdrawal reflex from the
treated and the control foot was used to deter-
mine the presence of a local anaesthetic action.
The difference in corresponding deforming
weights was used as a measure of the strength
of this action.

We defined local anaesthetic action by
studying a reference group of 30 infants in
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Figure 2 Comparison of
the strength of local
anaesthetic in both groups.
Y axis shows the difference
n deforming weight
required to elicit reflex from
the control and the treated
foot in the amethocaine and
the placebo groups. Mean
and 95% confidence
intervals are shown for each
group. Data do not include
those infants in whom there
was no difference in the
deforming weight between
the two feet.

(A)

(B)

(C)

Figure 1  Protocol used for this study: in each pair the
right foot is the control foot and the left, the treated foot. (A)
Application of gel to the treated foot; (B) eliciting the
cutaneous withdrawal reflex from the control foot; (C)
eliciting the cutaneous withdrawal reflex from the treated
Joor.

Table 1  Difference in von Frey hair number required to
elicit reflex from control and treated foot in amethocaine,
placebo, and reference groups

Hair difference -1 0 1 2 3 4 5 6 7

Amethocaine (n=31) 1 6 7 5 6
Placebo (n=29) 0 12 12 2 1
Reference (n=30) 1 17 11 1

whom neither placebo nor amethocaine gel was
applied to either foot. Using the same protocol,
habituation to repeated stimulation was dem-
onstrated, with an increase in threshold be-
tween the right and left foot of one filament
thickness in 11/30 (36%) and two filament
thickness in 1/30 (3.3 %). Local anaesthetic
action was therefore defined as the need for a
filament thickness of at least two more grades
to elicit the reflex from the treated foot.

We studied 60 healthy infants between May
and August 1998. We stratified the subjects by
gestation into three groups of 20: term (below
37 weeks of gestation), mildly preterm (33 to
37 weeks of gestation), and moderately pre-
term (28 to 32 weeks of gestation). They
ranged from 29 to 42 weeks of gestation and
weighed from 1.03 to 4.62 kg. They were stud-
ied in the first week after birth by the same
observer. Infants who were admitted to the
postnatal wards or neonatal intensive care at
Nottingham City Hospital were eligible for
entry, but we excluded infants who were
unwell, ventilated, or sedated. Infants in the
reference group, in whom local anaesthetic
action was defined, ranged from 31 to 42 weeks
of gestation and weighed from 1.49 to 4.5 kg.

The study was approved by the local ethics
committee. Informed and written parental
consent was obtained. In addition we obtained
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exemption from the restrictions of the product
licence from the Medicines Control Agency.

In each group half the infants were randomly
allocated to have amethocaine applied to the
dorsum of the foot and the other half to
placebo. Placebo and amethocaine were pack-
aged into identical tubes by the hospital
pharmacy who randomised and coded them.
The code was only broken at the end of the
study.

Statistical analysis was performed using
SPSS 8.0 software. Comparison of the median
von Frey hair numbers in each group and the
proportions within the amethocaine and pla-
cebo groups who showed a local anaesthetic
action was made using Mann-Whitney U and
y’ tests, respectively. The difference in mean
deforming weight required to elicit the reflex
from the placebo and amethocaine groups was
analysed using the unpaired Student’s z test.

Results

The actual differences in von Frey hair number
required to elicit the cutaneous withdrawal
reflex from control and treated feet for the
amethocaine, placebo, and reference groups
are shown in table 1. The median difference
was one hair for the placebo group and none
for the reference group. For the amethocaine
group it was two. This difference was signifi-
cant (p=0.005). When local anaesthetic action
was defined as a difference in filament
thickness of two or more, 17 of 31 (54.8%) in
the amethocaine group showed local anaes-
thetic action compared with five of 29 (17.2%)
in the placebo group (p=0.003). We compared
the strength of local anaesthetic action in the
two groups by recording the difference in
deforming weight required to elicit the reflex
from the control or treated foot (fig 2). In the
placebo group the mean weight difference
required to elicit the cutaneous withdrawal
reflex was 3.9 g. In the amethocaine group it
was 18.9 g. This fivefold difference was signifi-
cant (p=0.02).

Two infants in the amethocaine group (one
of 34 weeks of gestation, one of 32 weeks of
gestation, weighing 2.53 kg and 1.75 kg,
respectively) had minor and transient reac-
tions. They developed localised erythema at
the site of amethocaine application. Both
infants remained well and the erythema disap-
peared 20 minutes after the amethocaine had
been removed.

Discussion

Invasive procedures that pierce the skin of
neonates are very common. Capillary heel
prick blood sampling is the most frequently
performed painful procedure in the newborn
intensive care unit' and the postnatal ward. It is
probably more painful than venepuncture, the
next most frequently performed procedure.” "
The use of a lignocaine/prilocaine cream
(EMLA) to relieve the pain from such
procedures has been very successful in chil-
dren, particularly with venepuncture. How-
ever, its use in neonates has been less success-
ful, with no or little effect in heel pricks*’ and
no or limited effect in venepuncture.®® There
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are also concerns about its safety because the
prilocaine component may cause
methaemoglobinaemia,'”" although the dan-
gers may be theoretical rather than real in the
context of topical skin use.’ "> Amethocaine as
a 4% w/w gel (Ametop) has been developed for
use as a topical local anaesthetic by
McCafferty.”® It is licensed for use in term
infants over one month of age. Structurally it
has a lipophilic benzene ring attached to a ter-
tiary amine group by an ester link chain. This
differs from local anaesthetics like lignocaine
and prilocaine which have an amide link chain.
It acts by blocking the influx of sodium ions
across the axon and thus the propagation of
the action potential along the nerve. It is rap-
idly metabolised in the blood by plasma
pseudo-cholinesterase. In vivo studies in
adults have shown that the pain response to
insertion of a needle is reduced by topical
amethocaine.' In a large study in children
application of topical amethocaine gel pro-
duced effective local anaesthesia for venepunc-
ture in 89%.° Transient localised erythema
occurred in 6.3% and a localised urticarial
reaction in 0.6%. The plasma concentration of
amethocaine and its metabolites has been
studied and was unrecordable in seven of 10
subjects. In those in whom amethocaine was
detected no significant side effects were
reported.” Since then more than 130 000
applications of amethocaine have been used in
over 25000 children with no serious adverse
effects.'® There are few data about the use of
amethocaine in neonates. In a pilot study of 20
healthy preterm infants using 1% amethocaine
ointment, Barker and Rutter found some
evidence of percutaneous absorption with an
increase in local skin blood flow, but local
anaesthetic action was not assessed.” This
vasodilator action of amethocaine might be a
practical advantage over the vasoconstrictor
effect of lignocaine and prilocaine during
blood sampling.

The cutaneous withdrawal reflex is a
convenient objective way of testing local
anaesthetic action in neonates.’ **** It is not
known whether touch or pain fibres are stimu-
lated, but this is of no particular relevance in a
local anaesthetic study. Habituation to the
stimulus is well described and explains the
apparent local anaesthetic action of the
placebo gel in our study. The reference group
showed similar habituation. In future studies
which use this method of assessing local
anaesthesia, it would be wise to compare
placebo and active gel in each infant, ran-
domising the order of testing. We chose to use
an untreated foot because we were uncertain
whether placebo gel itself might modify the
cutaneous flexor reflex.

We have shown that the group treated with
amethocaine had a local anaesthetic action in
significantly more cases than the placebo
group. Furthermore, the strength of this action
was increased almost fivefold. Although ameth-
ocaine is effective after application for one
hour, there is evidence that an application time
of 30 minutes can provide satisfactory
anaesthesia.’ ' We chose to study the gel one
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hour after application so we could be sure of its
absorption through the skin, but there is no
theoretical reason why the onset of action in
neonates should differ from that of a child.

Two of our infants showed a transient local-
ised erythema after application of the ameth-
ocaine gel. In each case, the reaction had
disappeared 20 minutes later. Similar reactions
have been reported in other trials of
amethocaine.” > No systemic side effects
were recorded in these nor any other subject in
the amethocaine group. The area of skin that is
anaesthetised is limited to the site of applica-
tion of amethocaine. To the best of our knowl-
edge, these are the only such reactions to have
been reported in neonates.

We conclude that topical amethocaine gel
has a local anaesthetic action on neonatal skin.
This is the first time that this action has been
shown in neonates and it merits further investi-
gation. In particular, information about the
time of onset, duration of action, and clinical
efficacy is required. An effective and safe
surface local anaesthetic would be a valuable
asset for the relief of procedure related pain in
the newborn.

We acknowledge the help of Dr DF McCafferty who provided
us with the placebo and Mrs S Pacey and S Charlesworth from
the pharmacy department at Nottingham City Hospital.
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