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Abstract: Advances in pédiatrie health care have prolonged lives and improved the quality of life for children and adolescents. These advances include

not only high-tech devices and new medications but also re-application of available medications to take advantage of unexpected benefits which may

not have been known previously or even side effects that can have therapeutic value for diseases and conditions refractory to other treatment This

review describes new uses for anti-epileptic medications, thalidomide, intravenous immunoglobulin, hydroxyurea, methotrexate, botulinum toxin, bisphos-

phonates, and aspirin in the medical care of children. Methods of action and concerns for the pédiatrie dentist are described for children benefiting from
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Understanding a patient's medical history is of paramount
importance in the practice of dentistry. Advances in therapy
have led more children and adolescents with chronic diseases
and conditions to enjoy longer and healthier lives, so the pe-
diatric dentist often must become familiar with an entire new
regimen of drugs and medical devices that physicians use to
cure disease, prolong life, and improve the quality of life.

Medications used solely for adults in the past are now
being prescribed for young patients because of their clinical
benefits, often without official approval ("off-label use"); in
fact, as mtich as 30% of pédiatrie use of medications is con-
sidered off-label. Furthermore, clinicians and researchers have
learned that many drugs originally administered for one pur-
pose can cause an unexpected positive effect that can be used
to manage or cure resistant conditions (Table 1). A common
example discussed later in this paper is the use of aspirin, a
potent anti-infiammatory and antipyretic for its anticoagu-
lant properties in heart disease. Observations of the side
effects of longstanding drugs have led to new uses, and nu-
merous clinical trials are currently being conducted to under-
stand new uses for old drugs.

The result of this new pharmacology is that the pédiatrie
dentist cannot assume that the indication-treatment paradigm
is what he or she learned in school. Furthermore, as is often
the case with the reintroduction of longstanding medica-
tions for new purposes, the mechanism of action may be
unknown, even for prescribers, or may be counterintuitive.
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Furthermore, the paradigm is complicated not just from new
uses for existing drugs, but from the cascade of consequences
of survivorship. Physicians choose drugs to manage these
medication side effects, often introducing even more com-
plications. Surviving children also may suffer organ damage
and altered physiology, requiring still another set of drugs.

The rapidity of change in pédiatrie health care makes
it difficult for the clinician to keep abreast of new therapies.
Hence, the purpose of this paper was to present a brief over-
view of several medications and products used in pediatrics
for which new applications have emerged in the past few
years. Pédiatrie dentists must be alert to the fact that many
of them may require modifications for safe delivery of care
while others may cause adverse effects in the oral cavity.

Antiepileptic drugs and devices. Besides treating sei-
zure disorders, antiepileptic drugs (AEDs) and devices (Table
2) have been used to manage other neurological condi-
tions, psychiatric disorders, and pain syndromes. In neurol-
ogy, they are useful in the treatment of neuropathic pain,
migraines, and essential tremors, a progressive neurologi-
cal disorder.' AEDs may be able to dampen many proposed
causes of chronic pain, such as peripheral and central sensi-
tization, hyperexcitability, and neuronal disinhibition.^
Pregabalin is approved by the Food and Drug Adminis-
tration (FDA) for the treatment of neuropathic pain
associated with diabetic polyneuropathy and postherpetic
neuralgia for which gabapentin also is indicated.''^ The
latter can be also used for the management of diabetic neu-
ropathy, migraine, spinal cord injury, and phantom limb.^
Migraine, which is a common comorbidity of epilepsy, can be
prevented with broad spectrum drugs such as valproate and
topiramate.''^ Carbamazepine is the first-line therapy for the
management of idiopathic trigémina! neuralgia.^ Lamotrigine
also is useful in cases of central poststroke pain, painful
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human immunodeficiency virus (HIV) neuropathy, trige-
minal neuralgia, and spinal cord injury.̂

The incidence of psychiatric disorders is significantly
higher in epileptic patients than in the generalipopulation,
with anxiety and bipolar disorder being common comorbi-
dities. Although carbamazepine, valproate, and lamotrigine
are the only FDA-approved AEDs for the treatment of a
psychiatric disorder, virtually every other new AED claims
efficacy for some psychiatric symptoms or disorders such as
anxiety, schizophrenia, social phobia, post-traumatic stress
disorder, and mood disorders''^—conditions which are in-

Table 1, ORIGINAL AND SELECTED NEW INDICATIONS FOR SOME ESTABLISHED DRUGS

Drug class

Acetylsalicylic

Antiepileptic
drugs

Bisphosphonates

Botulinum toxin

Hydroxyurea

Intravenous
immunoglobulins

Methotrexate

Thalidomide

Original indication(s)

Analgesic

Epilepsy

Postmenopausal and
steroid-induced
osteoporoses

Strabismus, blepharospasm

Psoriasis, polycythemia vera,
cancer, thrombocythemia

Infectious diseases, congenital
immunodeficiencies, hypo-
gammoglobulinemia

Gancer

Epilepsy, sedation, antiemetic
in pregnancy

New indication(s)

Antiplatelet therapy

Neurological conditions, psychiatric
disorders, pain syndromes, eating disorders

Primary and secondary osteoporoses,
hypercalcemia of malignancy, metastatic
bone disease in cancer, multiple myeloma

Hyperhydrosis, cervical dystonias, facial
frown lines, spasticity, hyperlacrimation,
bruxism, rhinitis, hemifacial spasm,
Tourettes syndrome, incontinence,
salivary secretory disorder, trismus
myofacial pain, headache

Sickle cell disease

Pédiatrie HIV infections, ITP, Kawasaki
disease, GLL, prevention of GVHD
and infections in HSGT, Guillain-Barre
syndrome, autoimmune diseases

Juvenile idiopathic arthritis, psoriasis,
inflammatory bowel disease, prevention
of GVHD in HSGT

Leprosy, multiple myeloma, myelodysplastic
syndrome, Behcet's disease, SLE, aphthous
ulcers, erythema multiforme, Grohn's
disease, treatment of post-HSGT GVHD

* SLE=systemic lupus erythematosus; HSCT=hematopoietic stem cell transplantation; GVHD=graft-vs-host
disease; HIV=human immunodeficiency virus; ITP=ÍdÍopathic rhrombocytopenic purpura; CLL=chronic
lymphocytic leukemia.

Table 2. COMMONLY USED FIRST AND SECOND
GENERATION ANTIEPILEPTIC DRUGS

First generation

Generic name (brand name)
Garbamazepine (Tegretol)
Glonazepam (Klonopin)
Ethosuximide (Zarontin)
Phenobarbitol (Luminal)
Phenytoin (Dilantin)
Primidone (Mysoline)
Valproate (Depakote,
Depakene)

Second generation

Generic name (brand name)
Felbamate (Felbatol)
Fosphenytoin (Gerebyx)
Gabapentin (Neurontin)
Lamotrigine (Lamictal)
Levetiracetam (Keppra)
Oxcarbazepine (Trileptal)
Pregabalin (Lyrica)

Topiramate (Topamax)
Tiagabine (Gabitril)
Vigabatrin (Sabril)
Zonisamide (Zonegran)

cteasingly more common in children.' An interesting recent
finding regarding the vagus nerve stimulator, an implantable
pulse generator that is used to reduce the frequency and se-
verity of seizures, is its antidepressant effects, which may be
mote sustained than typical therapies. Thus, the device has re-
ceived FDA approval for use in treatment-resistant depression.-̂

Growing evidence supports AEDs as useful in the treat-
ment of some eating disorders, given that many of the drugs
have effects on the neural systems involved in the regulation
of feeding behavior and weight control, a growing concern
in children. Valproate, gabapentin, and ptegabalin ate asso-

ciated with weight gain and increased ap-
petite, whereas topiramate, zonisamide, and
felbamate are linked to weight loss and de-
creased appetite."• Many eating disorders are
associated with conditions for which AEDs
have efficacy. Carbamazepine and valproate
may be effective in the treatment of patients
with bulimia or anorexia nervosa when they
ate used to treat an associated psychiatric
or neurological disorder.''

Topiramate is useful as an antibinge
eating, antipurging and weight loss agent in
bulimia nervosa and binge-eating disorder
with obesity.'' It also may have beneficial
effects for night-eating syndrome and sleep-
related eating disorder sufferers. Phenytoin
may be effective in the management of com-
pulsive binge eating and/or anorexia nervosa
patients who also present electroencephalo-
gram abnormalities or epilepsy,"* placing them
at risk for gingival overgrowth. Oxcarbaze-
pine has been successful in the control of self-
mutilating behaviors in eating disorder
patients.'

Pédiatrie dentists should be aware of new
areas of action for AEDs, including: tardive
dyskinesia; substance use disorder; spasticity;
myotonia; neonatal cerebral hemorrhage; and
neurodegenerative conditions, such as HIV-
associated dementia, Alzheimer's disease, and
Parkinson's disease.' Valptoic acid is current-
ly being studied for use in leukemias and

solid tumors, given its ability to interfere with multiple pro-
cesses in cancerous cells.'' AEDs may cause adverse effects of
concern for the pediattic dentist, such as: blood dyscrasias;
increased oral secretions or dry mouth; behavioral change;
liver dysfunction; and gingival overgrowth. Unanticipated
benefits in breakthrough care from clinical trials of AEDs for
nonepileptic conditions in children and adolescents, how-
ever, also will become more frequent in the neat future.

Thalidomide. Thalidomide was synthesized in 1954 as
an anticonvulsant agent but was found to be an effective
sedative and sleep-inducing agent in humans as well as an
effective antiemetic in pregnancy. Reports of teratogenic
effects, such as phocomelia, started appearing in 1956—
leading to its market withdrawal in 1961.' The drug was
never approved for use in the United States because an FDA
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reviewer demanded more information from the manufae-
turer about reports of peripheral neuritis, but the company
never responded and eventually withdrew its application.'''*

Thalidomide and its immunomodulatory analogues
(IMiDs) affect the body's immune system in many ways,
including potential anti-inflammatory and anticancer pro-
perties.' Thalidomide was FDA-approved for a painful in-
flammatory dermatological manifestation of leprosy called
erythema nodosum leprosum in 1998. '̂̂  Both thalidomide
and its analogue lenalidomide have received FDA approval
for the treatment of multiple myeloma and myelodysplastic
syndrome." The efficacy of thalidomide has been verified in
a number of conditions affeeting the skin and mueosa, in-
eluding: Behçet's disease; graft-vs-host disease (GVHD);
aphthous ulcers; actinie prurigo; erythema multiforme; re-
fraetory Crohn's disease; complex regional pain syndrome;
discoid lupus; and the skin manifestations of systemic lupus
erythematosus.''•'•'

Because aphthous ulcers tend to resolve on their own
and beeause of the potentially serious adverse effeets of
thalidomide, therapy should only be initiated in eases of
severe, reetirrent, or refractory ulcers.' The drug is a useful
option, however, for children with Behçet's disease whose
severe oral and genital lesions are unresponsive to other
treatment.'" The drug is currently being used experimentally
to treat dermatological, neurological, and inflammatory di-
seases, as well as many types of cancers, including: glioma;
metastatic melanoma; hématologie malignaneies; and cancer
of the pancreas, breast, and lung.̂ -* Second generation IMiDs
such as lenalidomide (CC-5013) and CC-4047
are 2,000 and 20,000 times more potent, re-
spectively, than thalidomide but lack its signi-
ficant neurosedative toxicity.^' Dose-limiting
neutropenia and thrombocytopenia are the most
common problems with the IMiDs, while venous
thromboembolism occurs with all 3 agents.^
Neutropenia is a very rare side effect of thali-
domide, occurring in fewer than 1% of patients.'

Intravenous immunogiobulin. Another
drug increasingly used for treatment of refrac-
tory conditions is intravenous immunogiobulin
(IVIG). It is a product that is physiologically
and pharmaeologieally the same as immunogio-
bulin taken from the human body, beeause it
is purified from pooled human plasma from healthy donors,
leading to a relatively pure concentrate of IgC, with traces
of other immunoglobulins."'•* Due to the wide variety of
immunoglobulins in the preparation, it was originally used
to treat infectious diseases, congenital immunodeficiency,
and hypogammoglobulinemia.'^'"* IVIC also is known to
increase the platelet count, which is why it is so effective in
idiopathie thromboeytopenie purpura (ITP), a disease of
children.'^

To guarantee the required level of quality and safety,
manufacturers carefully select plasma donors, screen plasma
samples for transmittable infectious agents, and use modern
viral inaetivation techniques." These safety parameters have
led to a low ineidenee of side effeets and to the produet's

inereased clinical use. The FDA-approved indications for
its use, however, are few: (1) pédiatrie HIV infeetions; (2)
ITP; (3) Kawasaki disease; (4) primary immunodefieiency/
hypogammoglobulinemia; (5) secondary immunodeficien-
cy in chronic lymphocytie leukemia; and (6) prevention of
infeetions and CVHD in hematopoietie stem eell trans-
plantation (HSCT).'^'" More than half of clinical IVIC
use, however, is for "off-label" indications (Table 3).

The FDA does not restrict or interfere with the clinical
practice of approved products. Thus, in praetiee, clinicians
can use IVIC for any indication for which they perceive a
patient benefit. Hence, its use is growing." Although not
officially approved by the FDA, IVIC is accepted as the first
line of treatment in Cuillain-Barré syndrome, chronic in-
flammatory demyelinating polyneuropathy, dermatomyo-
sitis, stiff-person syndrome, multifocal motor neuropathy,
and various autoimmune diseases, among other conditions.'^"

IVIC is dosed according to the underlying medical eon-
dition, and no drug interaetions have been reported."
Approximately 10% of patients present side effeets, which
are usually transient and self-limited and occur primarily
within the first few hours of infusion up to 3 days later."'''
They most commonly inelude headaehe, low grade fever,
muscle, back and joint pain, nausea, vomiting, and abdominal
pain. Severe complications, sueh as aeute renal failure, stroke,
deep venous thrombosis, myoeardial infaretion, and anaphy-
laetie reaetion, are rare." Unfortunately, IVIC produets are
very'expensive, averaging $50 to $80 (US) per gram for a
standard adult course and costing approximately $2,700 (US)

"Hible 3. OFF-LABEL USES OF INTRAVENOUS IMMUNOGLOBULIN'"''^''"

Cardiovascular
conditions

Dertnatological
conditions

Infections

Neuroimtnutie
disorders

Rheumatology

Secondary itnmuno-
deficiency

Atherosclerosis, rejection in cardiac transplantation, myocarditis,
congestive heart failure, dilated cardiomyopathy, pericardia! diseases

Atopic dermatitis, chronic urticaria, epidermolysis bullosa acquisita,
pemphigus vulgaris, mucous membrane pemphigoid

Chronic paivovirus B19 infection toxic shock syndrome or toxic
necrotizing fasciitis due to group A streptococcus

Gullain-Barre syndrome, chronic inflammatory demyelinating
polyneuropathy, dermatotiiyositis, multifocal motor neuropathy

Systemic lupus erythematosus, vaculitis

Multiple myeolotna, organ transplantation, hematological
tiialignancies, extensive burns, and collagen-vascular diseases

Table 4. COMMERCIALLY AVAILABLE BOTULINUM TOXINS

Type A drug (generic name.
brand name and manufacturer)

OnabotulinumtoxinA

Botox and Botox Costnetic,
(Vistabel (Allergan Ltd, Bucks,
Calif)

AbobotulinumtoxinA

Dysport (Ipsen Croup, Brisbane,
Calif)

lncobotulinumtoxinA

Xeomin (Merz Pharmaceuticals,
Frankfurt, Cermany)

Type B drug (generic name.
brand name and manufacturer)

RiniiibotulinumtoxinB

Myobloc and NeuroBloc
(Solstice Neuroscience Itic, South
San Francisco, CaliQ
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per infusion.""" Therefore, the cost-benefit ratio must be
considered carefully before prescribing it. An example is bac-
terial infection prophylaxis in which IVIG has not shown
a decrease in mortality and incidence of serious infections
compared to the much cheaper antibiotic alternative.'^

Hydroxyurea. Clinicians who treat children with sickle
cell disease (SCD) will begin to see the use of hydroxyurea
(HU) increase. HU was synthesized in Cermany in 1869 and
has been used to treat psoriasis, polycythemia vera; essential
thrombocythemia, myeloproliferative syndromes, some types
of leukemia, melanoma, and ovarian cancer.""'^ The drug
was first studied in SCD in 1984 and was FDA-approved in
1998 for use in adults only.'*

In SCD, erythrocytes become deoxygenated, dehydrated,
and crescent-shaped ("sickled") under certain circumstances,
aggregating and sticking to blood vessel walls—which leads
to blockage of blood flow to limbs and organs. In turn, this
causes severe painful episodes and permanent damage to
the eyes, brain, heart, lungs, kidneys, bones, and spleen."'
HU is efficacious in the treatment of SCD because it in-
creases the production of fetal hemoglobin-containing ery-
throcytes, which are less likely to sickle. It also dilutes the
number of sickled cells in circulation and may reduce cell
adhesion that contributes to vaso-occlusion, thus decreasing
severe painful episodes, hospitalizations, blood transfusions,
and acute chest syndrome. ""'̂

The evidence of its efficacy in adults is very strong, but
that is not yet the case in children. Emerging data are en-
couraging, however, and clinical experience shows that it is
highly effective in widespread practice.'^'* The spleen, a very
important organ that is often affected in SCD, also can re-
cover its functions after treatment with HU, saving the young
patient from the risks of abdominal surgery and sepsis."

Table 5. COMMERCIALLY AVAILABLE BISPHOSPHONATES

Generic name

First generation

Etidronate

Clodronate

Tiludronate

Second generation

Pamidronate

Alendronate

Third generation

Ibandronate

Risedronate

Zoledronic acid

Brand name
(manufacturer)

Didronel (Procter and
Gamble, Cincinnati, Ohio)

Bonefos (Bayer HealthCare
Pharmaceuticals, Montville, NJ)

Skelid (Sanofi-Aventis,
Bridgewater, NJ)

Aredia (Novartis, East
Hanover, NJ)

Eosamax (Merck, Whitehouse
Station, NJ)

Boniva (Roche/Genentech,
South San Francisco, Calif)

Actonel (Warner Chilcott
Pharmaceuticals, Mason, Ohio)

Reclast and Zometa (Novartis,
Stein, Switzerland)

Route

Oral/IV

Oral/IV

Oral

IV

Oral

Oral/IV

Oral/IV

IV

Potency

1

10

10

100

1,000-10,000

1,000-10,000

1,000-10,000

> 10,000

Unfortunately, there is a problem with patient compliance,
given that it takes between 3 to 6 months of drug use to
see a clinical response."*

There are side effects of HU that pédiatrie dentists
should be aware of when treating SCD children. As a che-
motherapeutic drug, HU affects rapidly dividing cells, par-
ticularly newly formed blood cells. The short-term effects
are dose-related and include leukopenia, thrombocytopenia,
anemia, and oral mucositis, all usually resolving within 1 to
2 weeks."^" The drug also may decrease sperm production
in men. Its potential long-term effects, although not yet
proven, may include teratogenic defects, growth delays in
children, and cancer in both children and adults, leading to
the underutilization ofthe drug."* The number of birth de-
fects in offspring of women who took HU during pregnancy,
however, does not seem to be increased.

Children who have SCD and take the drug have shown
similar growth rates to their peers who did not receive it.
Furthermore, the risk for cancer does not seem higher for
SCD patients who have taken HU vs those who have not."*
Cutaneous and oral squamous cell carcinomas and basal cell
carcinomas have been reported following administration
of HU." Civen that patients may be immunosuppressed
after using HU, the pédiatrie dentist must consult with the
hematologist and understand the patient's blood counts
before providing dental care.̂ "

Methotrexate. Methotrexate (MTX) is a folie acid analog
that inhibits dihydrofolate reductase, an enzyme needed for
DNA synthesis, repair, and cellular replication.^''^^ Actively
proliferating tissues, such as the oral mucosa, bone marrow,
and malignant cells, are very sensitive to MTX. Therefore, it
has been FDA-approved for treatment of non-Hodgkins lym-
phomas, acute lymphocytic leukemia, and cancer of the

uterus, breast, lungs, and head and neck.-̂ ^
Pédiatrie dentists may not be aware that MTX

has been increasingly used in low-dose regimens
for a variety of noncancerous conditions. The main
indication for low-dose MTX is weekly adminis-
tration in children and adolescents diagnosed with
juvenile idiopathic arthritis (JIA).̂ '̂̂ '* The drug is
started if therapy with an adequate dose of a non-
steroidal anti-inflammatory drug over 6 to 8 weeks
and/or local therapy with corticosteroids has not
led to clinical remission.^^ MTX also is used for
treatment of psoriasis, but does not clear psoriatic
skin lesions permanently in most patients. Hence,
they need maintenance therapy for long-term di-
sease control.^' Other indications for low-dose
MTX include: inflammatory bowel disease; muscu-
loskeletal manifestations of sarcoidosis; prophy-
laxis against CVHD following HSCT; and systemic
lupus erythematosus (SLE), among others.^'' Safety
and effectiveness of the drug in pédiatrie patients
have been established only in cancer chemotherapy
andJIA.«

Pregnancy is an absolute contraindication for
the use of MTX because it can cause fetal death and
possibly teratogenic defects. '̂'̂ ^ Adverse reactions
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may oeeur, espeeially when used in high doses. In low doses,
however, they may be minor and resolve spontaneously.^ '̂̂ ''
Side effeets inelude mtieositis, taste disturbanee, nausea,
anorexia, headaehes, fever, ehills, fatigue, pruritus, skin pain,
urtiearia, alopeeia, aetite depression, teratogenesis, and nephro-
pathy, among others.^'•"•^'' The pédiatrie dentist should be
aware that the drug may induce or exacerbate a wide variety
of oral lesions, ranging from nonhealing ulcers to destruc-
tive lymphoma-like lesions.̂ '* It may be necessary to replace it
early with another agent in patients with persistent muco-
sitis that does not respond to treatment.^''

Hematotoxicity is rare and consists of leukocytopenia,
anemia, and/or thromboeytopenia.^^'^' A relationship between
MTX and lymphoproliferative disorders has been suggested,
but most eonsider it to just be eoineidental.-̂ '-̂ '* Opportunistie
infeetions during MTX administration ean be seen, partieu-
larly in the presenee of leukopenia and even in low doses.̂ ''̂ ^
The drug may lead to osteopathy in ehildren due to an
adverse effeet on bone metabolism, espeeially on osteoblast
aetivity.^' Some authors suggest diseontinuing MTX for a
few days before and after signifieant surgieal procedures
because it may increase postoperative infections and delay
wound healing. '̂

Some medications used in dentistry, such as nystatin,
polymixin B, vancomycin, barbiturates, tranquilizers, non-
steroidal inflammatory drugs, salycilates, and penicillins,
may reduee MTX absorption.^''^' MTX given together with
radiotherapy may inerease the risk of soft tissue necrosis
and osteoneerosis.-^' The pédiatrie dentist should eonsult
with the physieian regarding drug interactions as well as
the patient's immune status before proceeding with invasive
dental care.

Botulinum toxin. Botulism is food poisoning caused by
Clostridium botulinum, a gram-positive anaerobe that is found
ubiquitously in soil and water. '̂• '̂' The first case was docu-
mented following consumption of meat and blood sausages
in 18''' century Germany, but the causative pathogen was
only discovered in Belgium in 1895.^'' The term "botulism"
comes from the Latin "botulus" which means sausage and
not from the sausage-like shape of C. botulinum.^'' Modern
use of botulinum toxin (BT) as a medical therapy did not
start until 1970, and the FDA approved its use for treatment
of blepharospasm and strabismus in 1989.̂ ''

The pathogen produces 7 antigenically distinct neuro-
toxins (A, B, Cl , D, E, F, and G), of which type A is the
most potent and most often used in clinical applications
(Table 4).^''^^ The neurotoxin proteins have the ability to
inhibit the release of acetylcholine from the presynaptic
nerve terminal, causing local chemodenervation.^' Toxin up-
take is greater in nerve terminals that are most active, lead-
ing to weakening of the muscle fibers that are pathologieally
overaetive. '̂ These produets have differenees, and eaeh should
be ehecked before use to guarantee safety and effectiveness.''''̂ ^

BT type A has received FDA approval for treatment of
adult patients with severe primary axillary hyperhydrosis
(excessive sweating), cervical dystonia, strabismus and ble-
pharospasm (spasm of the eyelids) associated with dystonia,
and temporary improvement in the appearance of moderate

to severe facial frown lines.^'' Safety and effectiveness in
children younger than 12 years old have not been established
for any condition.^'^ Thus, in pédiatrie patients, all uses are
off-label, even in eerebral palsy (CP), in whieh it is sueeess-
fully used to reduee spastieity leading to improvements in
gross motor and upper extremity funetion, gait patterns,
and independent ambulation.^' BT may be an alternative to
orthopédie surgery for some CP ehildren.

Other off-label uses inelude: hyperlacrimation; gusta-
tory epiphora ("crocodile tears"); vasomotor rhinitis; hemi-
facial spasm; writer's cramp (disabling spasms of the hands
while performing a job); occupational cramps (such as those
seen in musicians who play string instruments); foot dysto-
nia; essential and dystonic tremor of the neck and palate;
and Parkinsonism-related hypersialorrhea; constipation; and
flexion contracture.^' In Tourette's syndrome, injection of BT
in the vocal cords reduces tie frequency.^' Bruxism can be
managed with BT injections in the masseter and tempora-
lis muscles.^' In urology, the toxin can lead to avoidance of
bladder augmentation surgery by improving incontinence
through bladder paralysis."'^' In children, it is mostly used
for incontinence that is refractory to treatment with anti-
cholinergic medieations in myelomeningocele, a type of
spina bifida defect.^' BT also has useful applications in gyne-
cology, proctology, and gastrointestinal disorders.

Oral uses have emerged for BT. The toxin has been used
successfully in the management of salivary secretory dis-
orders, sueh as: "salivary fistulas"; sialoceles; reeurrent paro-
titis; Frey's syndrome; sialorrhea; and drooling, ineluding
in pédiatrie patients.^"'" BT also ean treat temporoman-
dibular disorders involving the orofaeial museulature, sueh as:
bruxism and elenehing; oromandibular dystonia; myofaeial
pain due to parafunction and/or secondary to temporoman-
dibular joint involvement; trismus; hypermobility; masseter
and temporalis hypertrophy; and headaches. '̂''̂

BT injections in therapeutic doses are safe for ehildren
and adults. There is no eonsensus regarding dosage, however,
and the most effeetive dose is unknown. BT is eontraindi-
eated if infeetion is present at the injeetion site and in
individuals with known hypersensitivity to any of the for-
mulation ingredients.^^ The main limitation of the toxin is
its transient effeetiveness, requiring multiple and expensive
administrations.'" Antibodies against the toxin also may
oeeur with long-term use, leading to rionresponse to the
drug.̂ ^ Adverse effeets tend to be rare, mild, transient, and
usually dose-dependent and result from the spread of the
drug into areas adjaeent to the targeted muscles.^'''^' These
effects may include: dysphonia; dysarthria; dysphagia; diplo-
pia; ptosis; flu-like symptoms; generalized muscle weak-
ness; skin rashes; fatigue; dry mouth; reduced sweating; and
constipation.^''^^ Patients should be monitored closely for
atopy, and concomitant use of aminoglyeoside antibioties
should be avoided beeause they also bloek neuromuseular
transmission.^''^^ In eases of overdose, BT antitoxin should
be eonsidered no later than 24 hours after the BT injeetion.^'

Bisphosphonates. The growing and widespread use
of bisphosphonates (BISs) in adults has overshadowed its
growing use in ehildren. BISs strongly bind to hydroxyapatite
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crystals and reduce bone résorption by inhibiting cell func-
tions and inducing accelerated osteclast death (Table 3).^'
Osteoclasts only are affected by the superficially bound
drug, and BISs buried in bone are biologically inert with a
half-life of several years.'^ The drug is used to treat adults
with; osteoporosis (postmenopausal and steroid-induced);
hypercalcemia of malignancy; Paget's disease of bone; mul-
tiple myeloma; and skeletally-related events associated
with metastatic bone disease in breast, prostate, lung, and
other cancers.''' Alternative uses include; central giant cell
lesions of the jaws; giant cell tumors of the bone; fibrous
dysplasia; and osteomyelitis.''' BISs cause increased bone
density in the spine, femoral neck, and tibia as well as
improvements in vertebral shape.'' They do not eliminate
fracture risk, however, and are not a cure for osteogenesis
imperfecta (OI)."

Osteoporosis has become an important issue in children
and adolescents today, and BISs are being used to treat
primary and secondary osteoporoses in this population.'''
The former is an intrinsic skeletal defect seen in OI, Marfan
syndrome, and Ehlers-Danlos syndrome. Secondary osteopo-
rosis is a sequelae of chronic diseases or conditions which
lead to; low body mass; malnutrition or undernutrition (lack
of calcium); inactivity; reduced exposure to sunlight; and
hyposecretion of sexual hormones."' Glucocorticoids also
are administered long-term to these patients, causing; in-
creased bone résorption; impaired bone formation; reduced
calcium absorption from the gut; loss of urinary calcium;
and decreased sex steroid and growth hormone production.'"'
BISs are used in the management ofi skeletal manifestations
of rheumatologic disorders; childhood cancers; anorexia
nervosa; cystic fibrosis; renal failure; inflammatory bowel di-
sease; severe burns; neurological disorders (CP, Duchenne
muscular dystrophy, spinal cord injury, Rett syndrome, and
prolonged immobilization for any reason); endocrine condi-
tions (hypogonadism. Turner syndrome, diabetes mellitus,
hyperthyroidism, etc); and inborn errors of metabolism
(glycogen storage disease. Gaucher disease, galactosemia).""
Lifestyle factors (eg, excessive consumption of soft drinks)
also are an important consideration in secondary osteoporosis.''

BIS use in children remains controversial due to inade-
quate long-term efficacy and safety data; thus, many experts
recommend limiting therapy to patients with recurrent ex-
tremity fractures, symptomatic vertebral collapse, and re-
duced bone mass ."" There is no consensus regarding the
optimal BIS agent in children, dosage, or duration of therapy
which should probably be continued until growth is fully
or nearly completed."^ Pédiatrie patients usually tolerate the
drug well. Fever, malaise, nausea, diarrhea, and muscle or
bone pain are common adverse effects and tend to be mild,
last only for a few days, and rarely recur with subsequent
doses.""" The more serious effects seen in adults, such as
uveitis, thrombocytopenia, and esophageal or oral ulcérations,
are rare in children.""

Pédiatrie dentists must understand the implications of
treating young patients who have received or are receiving
BISs. Dental care to optimize oral health and decrease the
likelihood of side effects is important before, during, and

after therapy. Avoiding oral surgical procedures, especially in
patients who have had or are being given intravenous (IV)
BISs, is a must. Individuals receiving oral BISs are at a con-
siderably lower risk of BISs-related osteonecrosis of the jaws
(BRONJ) than those who receive IV BISs.'^ There is insu-
fficient evidence to suggest that implant placement, tooth
extraction, and other surgical treatments should be routi-
nely avoided for patients receiving oral forms of the drug.
Duration of oral therapy (ie, >3 years), however, may cor-
relate with development and severity of BRONJ." BRONJ
has not been reported in children to this date. As more ado-
lescents are referred for third molar and orthodontically
related extractions, however, one must carefully review the
patient's medical history. Many BISs are taken every few
weeks or months; thus, many patients and parents may not
remember that they took it if they are not specifically asked.
It is important to add such a question to the medical history
form. Other medications, such as steroids, thalidomide, and
chemotherapeutic agents, were initially thought to be risk
factors for BRONJ, but no significant association has been
shown.'^

BISs can inhibit tooth movement, thus posing a pro-
blem for orthodontic therapy, which depends on osteoclas-
tic activity to move teeth. It has been suggested that ortho-
dontic treatment be avoided in patients with high risk/high
level of osteoclastic inhibition, such as those who are receiv-
ing or have received IV BISs." The drug also is associated
with delayed tooth eruption in children with OI and with
ulcers when the pills come in direct contact with the
oral cavity.''°''"

Acetylsalicylic acid. Acetylsalicylic acid (ASA, aspirin)
has been used clinically for more than 100 years and is
enjoying a rebirth for its benefits in several pédiatrie and
adult conditions. Its antiplatelet effect was recognized ap-
proximately 40 years ago. To this day, it remains the leading
drug in the management of thrombosis and cardiovas-
cular disorders.""^ Despite new developments in antiplatelet
drugs such as adenosine diphosphate receptor inhibitors
and glycoprotein Ilb/IIIa inhibitors, it is highly unlikely
that they will provide the broad therapeutic index observed
with ASA, including the anti-infiammatory and immuno-
modulatory actions."*̂

Platelets are essential to the preservation of vascular
integrity and the control of bleeding at sites of injury.
They promote fibrin formation, clot retraction, and fibri-
nolysis, recruit inflammatory cells to the thrombus, and
initiate repair of the injured vessel walls."" They also can
contribute to the development of atherosclerotic plaques,
which become foci for the formation of platelet thrombi,
causing arterial occlusion and ischémie injury to vital
organs, mainly myocardial infarction and stroke.'"'*'' ASA
has the capacity to inactivate the cyclo-oxygenase (COX)
activity of prostraglandin H -synthase 1 and 2 (COX-1 and
-2, respectively).'*'' Inhibition of COX-1-dependent platelet
function (eg, aggregation and vasoconstriction) can be done
with a daily low dose of ASA, while inhibition of COX-
2-dependent pathophysiologic processes (such as hyperal-
gesia and inflammation) requires larger doses and a much
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shorter dosing interval.^'' Peak plasma levels occur 30 to
40 minutes after ASA ingestion, and inhibition of platelet
function is evident within 1 hour (3 to 4 hours for enteric-
coated aspitin).'*'* Despite its short half-life of 15 to 20 mi-
nutes, the platelet inhibitory effect of ASA lasts the lifespan
of the platelet (8-10 days) because the drug irreversibly in-
activates COX-1. ASA is an effective antithtombotic agent
in doses between 50 and 1,500 mg/day.'*'*

Advances in the care of critically ill children have led to
an increased incidence of thromboembolic disease in this
population. Evidence for the use of antiplatelet therapy in
children is very limited, however, and usually is extrapolated
from experience with adult patients.'" The most common
indications for the use of ASA and other antiplatelet drugs
in children include: ischémie stroke (due to congenital heart
disease, sickle cell disease, vasculopathies, vasculitis, in-
fection, metabolic disease, and congenital or acquired
thrombophilia); Kawasaki disease; and cardiac surgery
(placement of mechanical prosthetic valves and endovasculat
stents, Blalock-Taussig shunts, Fontan procedure, etc).'*'

An adverse effect of ASA is gastrointestinal toxicity,
even when administered at low doses or even in its enteric-
coated form.'''' Salicylates are present in numerous over-the-
counter products, including aspirin, oil of wintergreen, and
Pepto-Bismol (Procter and Gamble, Cincinnati, Ohio).
Because it is not widely known that these products con-
tain salicylates, significant toxicity may not be recognized
initially as salicylate ingestion.'" The minimal potentially
toxic ingested dose in children is 150 mg/kg. Signs and
symptoms of toxicity may occur at levels greater than
30 mg/dL and include nausea, vomiting, hyperventilation,
hyperpnea, tinnitus, and nonspecific neurologic findings
such as agitation, delirium, hallucinations, and lethargy.'"
Despite widespread belief that ASA intake can lead to Reye
syndrome, there is not one study that has established a
causal relationship.'"' Today, most Reye-like syndromes can
be described as inborn errors of metabolism without any
direct relationship to ASA. Because of this myth, ASA has
been replaced with acetaminophen, which bears a signifi-
cant hepatotoxicity potential and may have led to a world-
wide increase in several allergic diseases, most notably
asthma, because it lacks anti-inflammatory activity.'"' Further-
more, frequent acetaminophen use can cause asthma attacks.

Interruption of antithrombotic and antiplatelet therapy
exposes patients to an increased risk for thromboembolic
events, which can lead to devastating clinical consequences
including major disability and even death.''' The guidelines
of the American College of Chest Physicians state that
patients undergoing minor dental procedures who are te-
ceiving ASA should continue it around the time of surgery
because of the low risk of postoperative oral bleeding com-
plications resulting from those procedures, including ex-
tractions.'''' ASA rarely causes significant hemorrhage, except
in the presence of an underlying hemostatic defect or in
children also treated with anticoagulants or thrombolytic
therapy.''''''"

Guidelines also suggest against routine use of platelet
function assays to monitor ASA's antithrombotic effect.

Therefore, it is clear that pédiatrie dentists can proceed with
oral surgical procedures in children and adolescents taking
aspirin without any modification of care. The pédiatrie
dentist should also clarify with the child's physician that
ASA can indeed be continued, as some may assume that it
will lead to excessive bleeding from dental procedures and
order the patient to stop it. Anesthesiologists often erro-
neously defer nasal intubation in these patients unless the
drug has been stopped for a few days prior to surgery, thus pro-
longing and complicating dental care tinder general anesthesia.

Summary
The purpose of this paper was to identify several areas in
which existing, often well-known medications with clearly
defined purposes have been employed to manage different
conditions and diseases in children. While clearly beneficial to
the child's health, these drugs may present side effects that
manifest in the oral cavity. Pédiatrie dentists need to stay
current with advances in pédiatrie medicine because many
of these medications have unexpected effects, such as bleed-
ing or immune suppression, which can affect oral health
and dental care delivery.
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