Comfortably

numb

ocal anaesthetics interrupt
neural conduction by inhib-
iting the influx of sodium
ions through channels within
neuronal membranes. When
the neuron is stimulated, the channel is
activated and sodium ions can diffuse
into the cell triggering depolarisa-
tion. Following this sudden change in
membrane voltage, the sodium channel
assumes an inactivated state and further
influx is denied while active transport
mechanisms return sodium ions to the
exterior.

After this repolarisation, the channel
assumes its normal resting state. Local
anaesthetics have the greatest affinity for
receptors in the sodium channels during
their activated and inactivated states rather
than when they are in their resting states*

PHARMACOLOGY

Local anaesthetics consist of three

components which contribute necessary

clinical properties:

* Lipophilic aromatic ring - improves lipid
solubility of the compound

* Intermediate ester/amide linkage

o Tertiary amine.

Articaine consists of an amide group
and an ester link. It has a thiophene ring
instead of a benzene ring as seen in the
chemical structure of lignospan. The
thiophene ring improves it’s lipid solubility.
Articaine therefore in some studies shows
better potential for penetrating through
the neuronal sheath and membrane when
compared with other local anaesthetics*
The dissociation constant of an
anaesthetic affects its onset of action.
The lower the pKa values, the greater the
proportion of uncharged base molecules
can diffuse through the nerve sheath.
Articaine has a pKa of 7.8, wheras lignospan
has a pKa of 7.9. This proves important
when alocal anaesthetic is administered to
anaesthetise inflamed tissues, where the ph
of the tissues is reduced*. Articaine has a
half-life of 20 minutes, whereas lignospan
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has a half-life of 9o minutes. Therefore,
articaine presents less risk for systemic
toxicity during lengthly dental treatments
when additional doses of anaesthetic are
administereds.

COMPARISON BETWEEN
ARTICAINE AND LIGNOSPAN

Some studies argue that there is no
significant difference in pain relief
provided by 2 per cent lignospan and 4
per cent articaine where both formulations
contain adrenaline®. However,
a recent systematic review
demonstrated a different
conclusion?. This review
showed that when
considering successful
infiltration anaesthesia,
4 per cent articaine
solution containing
adrenaline was almost four
times greater than a similar
volume of 2 per cent lignospan
also containing adrenaline. Other
studies have stated that 4 per cent articaine
offers superior levels of anaesthesia in the
anterior maxillary region when compared
to 2 per cent lignospan, however this level
of superiority appears less significant in
the maxillary molar region®.

There is evidence to support that
articaine is more effective in the maxillary
posterior region when compared with
lignospan when tissues are inflamed®.
However, there is insufficient evidence
to suggest a similar level of superiority
for mandibular teeth, where the solution
has been administered with the inferior
alveolar nerve block technique®.

The additive administration of lignospan
using the IANB technique and buccal
infiltration with articaine could potentially
increase the level of pulpal anaesthesia
achieved in the mandibular molar and
premolar area®. The inclusion of adrenaline
in4 per cent articaine is considered critical
in achieving it’s profound anaesthesia®.

Brandt et al demonstrated that articaine
was superior when administered using the
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inferior alveolar nerve block technique
(IANBY)”. However, it must be stressed that
the potency of the agent administered via
theinferior alveolar block was considerably
lower than the potency administered
by the infiltration technique. It was
shown that neither articaine or lignospan
demonstrated superiority over the other
when administered to symptomatic
teeth. It is important to recognise the
limitations in this study of comparing a
4 per cent solution of articaine with a 2
per cent solution of lignosparn’.
Other studies also reported no
difference between articaine
and lignospan when using
the IANB technique while
treating symptomatic
teeth™s.
Interestingly, it has
been demonstrated
that 4 per cent articaine
with 1:100,000 adrenaline
administered using the
buccal infiltration technique had
a significantly faster onset of pulpal
anaesthesia when compared with the
inferior alveolar nerve block. Therefore,
dentists can consider the use of articaine
administered by a buccal infiltration as
an alternative to the inferior alveolar
nerve block when anaesthetizing the
mandibular first molar#. Another study
also concluded that articaine delivered by
buccal infiltration alone was more effective
than lignospan administered by the inferior
alveolar technique when anaesthetising
mandibular first molar teeth.

PARAESTHESIA

In 2010, Garisto et al reported 248 cases
of paraesthesia after dental treatment®.
Most cases involved mandibular nerve
blocks and, in 89 per cent of cases, the
lingual nerve was damaged. paraesthesia
was shown to be 7.3 times more likely with
4 per cent articaine when compared with
lignospan. Similar findings were reported
by Hillerup et al who demonstrated greater
neural toxicity of 4 per cent compared to



2 per cent articaine. Therefore, it might
be advisable to limit the use of 4 per cent
articaine to infiltrations and avoid for nerve
blocks?.

Articaine has also been shown to be
superior for infiltrations in the mandible
and does not cause neural toxicity unless
injected near the mental nerve®.

Paraesthesiahasbeenassociated with the
use of local anaesthetics, especially when
administered using the inferior alveolar
nerve block technique®. Observational
research performed in Denmark reported
a 20-fold greater risk of nerve injury
when articaine was used compared with
other local anaesthetics and administered
via the TANB technique?. Given that
articaine is less neurotoxic than other
anaesthetics, the findings of this research
were unexpected®. It is important to
consider that the aetiology of paraesthesia
may be the result of a needle injury to the
lingual and inferior alveolar nerve. Factors
including intra-neural haematoma, extra-
neural haematoma, oedema and chemical
neurotoxicity of articaine may also play
arole®.

Dentists must also consider the ‘Weber
effect’. This occurs when anew product is
launched onto the market and is scrutinised
more closely. Immediately after 4 per cent
articaine containing 1:100,000 adrenaline
was introduced, there was a significantly
increased incidence of paraesthesia. But,
two years later, a reduction was recorded
despite an increased number of cartridges
being sold>.

The literature reports that the lingual
nerve is more frequently damaged than
the inferior-alveolar nerve. Approximately
70 per cent of permanent nerve damage
is sustained by the lingual nerve, whereas
a 30 per cent occurrence was recorded
affecting the inferior alveolar nerves.
Current data indicates that 85-94 per cent
of non-surgical paraesthesia caused by
local anaesthetics recovers within two
months. After a two month period, two
thirds of those patients whose paraesthesia
has not resolved will never completely
recovers.

Articaineisalsousedinareas of medicine
such as plastic and reconstructive surgery,
ophthalmology and orthopedic surgery. It
is interesting that there are no reports of
paraesthesia from articaine following its
use inmedicine. Is it possible that articaine
only affects nerves supplying the oral
cavity and specifically the lingual nerve?
It is thought that paraesthesia affects the
lingual nerve twice as much as the inferior
alveolar nerve due to the fascicular pattern
of the injection site. Also when a patient
opens their mouth for treatment the lingual
nerve is stretched and more anteriorly
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placed, this decreases it’s level of flexibility
which is needed to deflect the needle.
During administration the barbed needle
can damage the inferior alveolar or lingual
nerve during withdrawal®.

Interestingly, in 2006 when Hillerup
raised concerns that articaine was
responsible for neurosensory disturbances,
it was found that 8o per cent of all these
reports came from Denmark. It is worth
noting that, at the time, the Danish
population was approximately 5.6 million
compared with 501 million in the wider
EU community. This research lead to
the Pharmacovigilance Working Party
of the European Union conducting an
investigation involving §7 countries and
over 100 million patients treated with
articaine. The conclusion was emphatic,
stating that all local anaesthetics may
cause nerve injury. They estimated that
the incidence of sensory impairment
following administration of articaine was

one in every 4.6 million treated patients.
Therefore, no medical evidence existed to
prohibit the use of articaine and the safety
profile of the drug remained unchanged.

It is worth considering that, before
articaine was introduced to the USA the
incidence of permanent nerve damage
from inferior alveolar nerve blocks was
1:26,762.In 2007, Pogrel also concluded that
nerve blocks can cause permanent damage
regardless of which anaesthetic agent is
used. Both articaine and lignospan have
been associated with this phenomenon in
proportion to their use.

NEGATIVE SIDE-EFFECTS
Articaine can result in restlessness, anxiety,
light-headedness, convulsions, dizziness,
tremors, drowsiness and depression®.
Ocular complications have been reported
due to interference with sensory and
motor pathways®. Other adverse effects
include headaches, facial oedema and
gingivitiss. Skin rashes with itching after
administration of articaine have also been
cited in the literature®. Skin necrosis
on the chin has also been reported after
administration of 4 per cent articaine using
the TANB technique™

With regards to the cardiovascular
system, 4 per cent articaine can decrease
cardiac conduction and excitability.
Complications such as reduced myocardial
contractility, peripheral vasodilation,
ventricular arrhythmia, cardiac arrest
and, rarely, death have been reported
in the literature®. It is important to
exercise caution in patients with severe
hepatic impairment. However, the rapid
breakdown of articaine into inactive
metabolites results in low systemic
toxicity®.

CONCLUSIONS ON ARTICAINE

Since 1973, there have been more than 200
papers published on articaine. Virtually
all of these studies have concluded that
articaine is as effective and safe as other
comparable local anaesthetic agents such
as lignospan, mepivacine or prilocaine. It
was shown that articaine is the least likely
anaesthetic to induce an overdose caused
by administration of too many cartridges.
No significant difference in pain relief
has been observed between adrenaline
containing formulations of 4 per cent
articaine and 2 per cent lignospan. The
time of onset and duration of anaesthesia
for 4 per cent articaine is comparable
to other commercially available local
anaesthetics. Furthermore, the majority of
studies have indicated that the incidence
of complications including paraesthesia
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are equal for lignospan and articaine. The
FDA have approved articaine 4 per cent
with adrenaline 1:100,000 to age four years
in paediatric patients.

The popularity of articaine cannot be
disputed within the dental profession. In
the USA in 2009, 41 per cent of all dental
local anaesthetic used was articaine. In
2012, the market share for articaine in
Germany was 97 per cent and in the same
year it was shown that 70 per cent of
dentists use articaine in Austrailia.

ADRENALINE-CONTAINING
ANAESTHETICS

Adrenaline causes constriction of blood
vessels by activating alpha-1 adrenergic
receptors. It aids hemostasis in the
operative field and delays absorption of
the anaesthetic. This delayed absorption
decreases the risk of systemic toxicity
and lengthens it’s duration of action.
Adrenaline can cause considerable cardiac
stimulation due to its affect as a beta-1
adrenergic agonist®.

CARDIOVASCULARINFLUENCES
Adrenaline is an agonist on alpha, beta-1
and beta-2 receptors. It is a vasoconstrictor
as the tiny vessels in the submucosal
tissues contain only alpha receptors
3, There is much debate regarding the
influence of adrenaline on patients with
cardiovascular disease. Dionne et al
studied the influence of three cartridges of
the American formulation Lidocaine with
adrenaline 1:100,000. Submucosal injection
of this dosage increased cardiac output,
heart rate and stroke volume. Systemic
arterial resistance was reduced and mean
arterial pressure remained unchanged=.
Likewise, Hersh et al observed similar
results following the administration
of articaine containing 1:100,000 and
1:200,000 adrenaline. Although the
influence of adrenaline reported by Hersh
et al was minor, it is noteworthy that all
14 participants were healthy and taking
no medication, yet two of these patients
experienced palpitations.
Adoseofapproximately two cartridges of
lignospan containing adrenaline 1:80,000, is
the most conservative and frequently cited
dose limitation for patients with significant
cardiovascular disease. Ultimately, the
decision requires the dentist to practice
sound clinical judgement and to discuss
any concerns with that patient’s doctor if
necessary. Peak influences of adrenaline
occur within five to 10 minutes following
injection and they decline rapidly3.
Another practical suggestion is to
determine the dosage based on patient

assessment. If the medical status of
a patient is questionable, a sensible
protocol is to record baseline heart rate
and blood pressure preoperatively and
again following administration of two
cartridges of lignospan containing 1:80,000
adrenaline. If the patient remains stable,
additional doses may be administered,
followed by a reassessment of vital signs 3°.

HYPERTENSION

After administering one to two cartridges
of adrenaline-containing local anaesthetic
with careful aspiration and slow injection
and the patient exhibits no signs or
symptoms of cardiac alteration, additional
adrenaline containing local anaesthetic
may be used. A safe option preferred
by some dentists is to firstly use a
minimal amount of adrenaline-containing
local anaesthetic and then supplement
as necessary with an adrenaline-free
anaesthetic.

The risk of the anaesthesia wearing off
too soon, resulting in the patient producing
elevated levels of endogenous adrenaline
because of pain, would be much more
detrimental than the small amount of
adrenaline in the dental anaesthetic3.

DRUGINTERACTIONS
Beta-adrenergic blocking drugs increase
the toxicity of adrenaline-containing local
anaesthetics. It inhibits enzymes in the
liver and decreases hepatic blood flow.
Therefore, it is advisable not to give large
doses of local anaesthetic to patients on
beta blockers. There have been multiple
reports of stroke and cardiac arrest within
the literature3. Slow administration
and aspiration can also help prevent
undesirable reactions?.

Judicious use of adrenaline is
recommended for patients medicated
with nonselective beta blockers. Unlike
selective agents that only block beta-1
receptors on the heart, nonselective agents
also block vascular beta-2 receptors. In this
case the alpha agonist action of adrenaline
becomes more pronounced and both
diastolic and mean arterial pressures can
become dangerously increased. This is
often accompanied by a sudden decrease
in heart rate. Significant consequences of
this interaction are well documenteds.
The interaction with beta blockers follows
a time course similar to that observed
for normal cardiovascular responses to
adrenaline. It commences after absorption
from the injection site and peaks within
five minutes and declines over the
following 10-15 minutes. Adrenaline is
not contraindicated in patients taking
nonselective beta blockers but doses must
be kept minimal and monitoring of blood

pressure advisable®.

Verapamil, which is a popular calcium
channel blocker, increases the toxicity
of 2 per cent lignospan. As for patients
taking beta-adrenergic blocking drugs,
two cartridges should be the limit+. With
regards to bupivacaine, calcium channel
blockers enhance the cardiotoxicity of this
longer acting anaesthetic*.

Antihypertensives are the main
cardiovascular drugs that interact with
anaesthetics containing adrenaline.
Theoretically, beta-blockers, diuretics and
calcium-channel blockers may all result
in adverse reactions when used with
adrenaline-containing local anaesthetics .

Adrenaline causes alpha and beta-
adrenergic agonism. Alpha-adrenoreceptor
stimulation results in vasoconstriction of
peripheral blood vessels. Whereas beta-
adrenoreceptor stimulation decreases
vascular resistance due to vasodilation of
vessels in the liver and muscles, therefore
reducing diastolic blood pressure. If beta-
effects are blocked, the alpha-adrenergic
stimulation leads to an unopposed increase
in systolic blood pressure triggering a
cerebrovascular accident.

Therefore, if more than one to two
cartridges are needed in such patients
adrenaline-free solutions should be
administered. An advantage however of
beta-adrenoreceptor blockers in dental
patients is that the heart is protected from
the elevation in rate produced by beta-
adrenergic stimulation from exogenous
adrenaline .

Diuretics can affect the metabolic
actions of adrenaline. Increased levels
of adrenaline reduces the plasma
concentration of potassium#. These
reductions have been documented in
patients receiving dental local anaesthetics
containing adrenaline#. In patients
undertaking oral surgery procedures
who are taking non-potassium-sparing
diuretics, there have been incidences
of adrenaline-induced hypokalaemia#.
It should remembered that calcium
channel blocking drugs may also increase
adrenaline-induced hypokalaemia“.

ANGINA PECTORIS AND POST-
MYOCARDIAL INFARCTION

The use of adrenaline containing local
anaesthetics is advisable as part of a
stress reduction protocol. The dosage
of the adrenaline should be limited
to that contained in two cartridges of
lignospan 2 per cent 1:80,000 adrenaline.
For patients with unstable angina, a recent
myocardial infarction less than six months
previously or a recent coronary artery
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bypass graft surgery within three months
warrant all elective dental treatment to
be deferred#. If emergency treatment is
imperative, stress-reduction protocols
with antianxiety agents are advisable with
alimitation of two cartridges of adrenaline
containing anaesthetic#.

As part of a stress reduction protocol,
the Wand allows the dentist to
administer local anaesthetic
with a non-threatening
handpiece. The anaesthetic
syringe is often the principle
cause of stress for patients
as it is considered by many
as the most uncomfortable
part of dental treatment. The
Wand helps deliver a computer-
regulated flow of anaesthetic that
enables pain-free dental anaesthesia for
the different types of injections. This can
help to make the patient less anxious.

CARDIACDYSRHYTHMIA

Elective dentistry should be postponed
in patients with severe or refractory
dysrhythmias until they are stabilised.
It is safe to limit the local anaesthetic
dose to two cartridges of lignospan 2 per
cent containing 1:80,000 adrenaline.
The use of periodontal ligament
or intraosseous injections using an
adrenaline-containing local anaesthetic
is contraindicated.

CONGESTIVE HEART FAILURE
Patients taking digitalis glycosides,
such as digoxin, should be carefully
monitored if adrenaline containing
anaesthetics are administered as an
interaction between these two drugs
can trigger dysrhythmias. Patients
taking long-acting nitrate medications
or taking a vasodilator medication
may show decreased effectiveness
of the adrenaline and therefore may
experience a shorter duration of dental
local anaesthesia®.

CEREBROVASCULAR ACCIDENT
Followingastrokeitisrecommended that
dental treatment be deferred due to the
significantly elevated risk of recurrence.
Following a six-month interval dental
procedures can be re-scheduled with
the use of adrenaline-containing local
anaesthetics. If the stroke patient has
associated cardiovascular problems,
the dosage of local anaesthetic with
vasoconstrictor should be kept to a
minimum#,

ASTHMA

Stress can precipitate an asthma attack

making stress-reduction protocols
essential. Conservative use of local
anaesthetics containing adrenaline
is advised. The Food and Drug
Administration warn that drugs containing
sulfites can cause allergic reactions in
susceptible individuals®. Some studies
suggest that sodium metabisulfite which
is an antioxidant agent used in dental local
anaesthetic may induce asthma attackss
Data is limited on the incidence
of this reaction and even in
sulfite-sensitive patients it
appears to be an extremely
small risk. Indications are
that more than 96 percent of
asthmatics are not sensitive
to sulfites; and those who are
sensitive are usually severe,
steroid dependent asthmaticss*
Perusse and colleagues concluded
that local anaesthetic with adrenaline
can be safely used in patients with
nonsteroid-dependent asthma. However,
until we learn more about the sulfite
sensitivity threshold, consevative use
of local anaesthetic with adrenaline in
corticosteroid-dependent asthma patients
is advisable. This is due to their higher risk
of sulfite allergy and the possibility that an
unintentional intravascular injection might
occur causing a severe asthmatic reaction
in a sensitive patient4, However, in recent
times the results of these older studies
have been regarded as questionable by
many in the profession.

HEPATIC DISEASE

In patients with chronic active hepatitis or
with carrier status of the hepatitis antigen
local anaesthetic doses must be kept to a
minimum. In patients with more advanced
cirrhotic disease, metabolism of local
anaesthetics may be significantly slowed,
resulting in increased plasma levels and
complications from toxicity reactions.
Local anaesthetic dosage may need to be
decreased and the time lapse between
injections extendeds.

DIABETES

Some patients experience dramatic swings
between hyperglycemia and hypoglycemia
and, therefore, the use of adrenaline-
containing anaesthetics should be reduced
due to the risk of adrenaline-enhanced
hypoglycemia®.

COCAINE

The major concern in patients abusing
cocaine is the significant danger of
myocardialischemia,cardiacdysrhythmias,
and hypertension. Some researchers
recommend deferral of dental treatment
for 24 to 72 hours®.

TRICYCLIC ANTIDEPRESSANTS
One to two cartridges of adrenaline-
containing local anaesthetic can be safely
administered to patients taking these
drugs. However, careful observation at all
times for signs of hypertension is necessary
due to enhanced sympathomimetic
effects”.

HIV

Protease-inhibitor drugs have been shown
to increase the plasma levels of lignospan
potentially increasing cardiotoxicity.

PARKINSON'S DISEASE

Athough there is no data regarding the
influence of the anti-Parkinson drug
entacapone, caution is advised while using
adrenaline-containing anaesthetics. Three
cartridges of 2 per cent lignospan with
1:80,000 adrenaline is the recommended
upper limit in adults®.

LOCAL ANAESTHETICREVERSAL
Alocal anaesthetic reversal agent has been
introduced that effectively reverses the
influence of adrenaline on submucosal
vessels. Phentolamine (Ora Verse) is an
alphareceptor blocker formulated in dental
cartridges®. In the future this may prove
useful for some medically compromised
patients such as diabetics or elderly
patients for whom adequate nutrition
may be hindered by prolonged numbness.
However, currently this reversal agent is
not available in Ireland or in the UK.
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