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An 18-month-old girl is found drinking approximately
2 mL of a liquid from a small container she found on
her father’s nightstand. She begins to vomit and subse-
quently becomes ataxic and lethargic. She is brought to
the emergency department by her parents, and her vi-
tal signs on presentation are as follows: blood pressure,
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129/89 mm Hg; heart rate, 190 beats/min; respirations,
24 breath/min; afebrile. Her physical exam is significant
for pale, diaphoretic skin; pupils approximately 2 mm
in size without nystagmus; clear lungs; and increased
bowel sounds but no focal tenderness on palpation. Al-
though it is difficult to do a complete neurologic exam
on the patient due to her depressed mental status, her
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exam is significant for a slight tremor with movement.

The patient is relatively hypertensive and tachycardic
for her age. Sympathomimetics can cause these vital sign
changes but should not cause lethargy or small pupils.
Although phencyclidine (PCP) is a dissociative anes-
thetic that can cause hypertension and tachycardia, other
physical findings should include nystagmus, normal or
increased muscle tone, purposeless movements, and po-
tentially agitation during recovery. Sedative hypnotics like
gamma-hydroxybutyrate (GHB) and ethanol can cause
ataxia and lethargy, but not the vital sign abnormalities.
Antimuscarinics/anticholinergics can produce tachycar-
dia, but the blood pressure is generally normal, the skin
dry, and the pupils large. The patient is vomiting and
diaphoretic and has small pupils and increased bowels
sounds, findings suggestive of the cholinergic toxidrome.

The acetylcholine receptor is found in both the central
and peripheral nervous system. Acetylcholine is a key
neurotransmitter in the autonomic and somatic ner-
vous system that affects nearly every organ system in
the human body. There are two broad classes of acetyl-
choline receptors: nicotinic and muscarinic. The nico-
tinic receptor is primarily found in the preganglionic
synapses of both sympathetic and parasympathetic neu-
rons, the postganglionic neurons of the sympathetic
nervous system, and in the neuromuscular junction.
The muscarinic receptors are found in the brain and in
the postganglionic parasympathetic nerve endings that
synapse on various organs.
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Stimulation of the muscarinic receptors causes the
classic cholinergic toxidrome of salivation, lacrimation,
urination, diaphoresis, gastrointestinal distress (vomit-
ing and diarrhea), miosis, and the “killer B's”: bronchor-
rhea, bronchospasm, and bradycardia. This toxidrome
is expected following exposure to a toxin such as an
organophosphorus insecticide. Stimulation of pregan-
glionic nicotinic receptors, found in both sympathetic
and parasympathetic ganglia, increases outflow of both
branches of the autonomic nervous system and pro-
duces findings consistent with both parasympathetic
and sympathetic excess (sympathetic generally wins!).
These findings are typical of nicotine, the receptor’s
namesake, and account for the physiological effects
that cigarette smokers achieve. In addition, central ner-
vous system acetylcholine effects produce euphoria at
low doses (which causes nicotine addiction) and altered
mental status, vomiting, and seizures as the dose in-
creases. Stimulation of nicotinic receptors in the neu-
romuscular junction by drugs such as succinylcholine
and nicotine can cause fasciculations, tremor, weakness,
and subsequent paralysis secondary to excessive, con-
tinued stimulation.

Nicotine is a familiar drug available in the form of to-
bacco products such as cigarettes and cigars. It is one
of the most addictive substances known and causes a
significant health burden from cancers and pulmonary
disease in the United States as well as worldwide. There
is 10 to 30 mg of nicotine in a standard cigarette, but
the average smoker actually inhales only 0.05 to 3 mg
per cigarette.! There are reports of significant acute nic-
otine toxicity from cigarettes when small children ingest
a cigarette or butt. The median lethal dose in an adult
is approximately 1 mg/kg, and a fatal case in a child in-
volved as little as 2 mg of nicotine. Children under the
age of 6 generally become symptomatic after ingesting
one whole cigarette or three butts.!

Nicotine patches are a common form of replace-
ment therapy for those desiring smoking cessation. In
a case series of adults who intentionally applied exces-
sive nicotine patches in suicide attempts, the most com-
mon findings were dizziness, hypertension, diaphoresis,
and altered mental status.> Most of the cases were com-
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plicated by co-ingestants, and none involved uninten-
tional exposures in children. In one case, an 11-year-old
boy placed two of his mother’s patches on his arm, re-
sulting in nausea, vomiting, dizziness, and diaphoresis,
which resolved within a few hours after the patch was
removed.?

Nicotine has been used as an insecticide for centu-
ries. Although nicotine is rarely used for this purpose
in the United States today, it is still used in many other
countries and can be obtained over the Internet. Farm-
ers and gardeners may seek it out because it is a natu-
ral pesticide and could therefore satisfy requirements
for growing organic produce. Green tobacco sickness
is an occupational exposure in which workers who are
harvesting tobacco plants develop acute nicotine toxic-
ity as moisture from the plants allows transfer of nico-
tine onto their skin. A case of fatal poisoning occurred
when a 15-year-old boy ingested several milliliters of
concentrated nicotine sulfate, which was available de-
cades ago as a household insecticide and has since been
discontinued.* The patient suffered cardiac arrest and
catastrophic brain injury despite return of spontaneous
circulation.

The patient’s father had recently started using electronic
cigarettes in an attempt to prevent second-hand smoke
in his home. He had left a 10-mL bottle of liquid nico-
tine on his nightstand. The entire bottle contained 10
mg of nicotine.

Electronic cigarettes using liquid nicotine have be-
come increasingly popular. First mass-produced in
China in 2004, the growing number of manufacturers
and Web sites selling the products has expanded the
worldwide market.> Many view the electronic cigarette
as inherently safer because its use does not involve the
inhalation of tobacco smoke and therefore poses less
risk of cancer and pulmonary disease. Others may view
it as a more socially acceptable form of smoking since it
is odorless and does not produce second-hand smoke.
Recently, it has been marketed as a smoking cessation
tool with the idea that the concentration of nicotine can
be titrated down while the patient still gets the physi-
cal sensation of smoking (as opposed to chewing gum
or using a patch).

When a person takes a drag from an electronic cig-
arette, it triggers a heating coil to vaporize liquid nic-
otine, and that vapor is then inhaled (see the Figure,
page 8).° The liquid nicotine is contained in a cartridge
that is either fully replaced or can be refilled. The nic-
otine is usually dissolved in vegetable oil or propylene
glycol.” Furthermore, many Web sites that sell liquid
nicotine allow purchasers to customize the liquid nic-
otine to be of specific strength and flavor (that ranges
from menthol to various fruits to mocha). Although it
usually takes as little as 1 mL of liquid nicotine to re-
fill a cartridge, it is possible to buy a 5-L container on-

There is no practical antidote for
nicotine poisoning. Supportive care
is the mainstay of treatment;

give benzodiazepines for seizures.

line. Given the ease of purchase, the exotic flavors, and
large quantities that can be obtained, there are signif-
icant public health concerns with this product. Teen-
agers may be able to access electronic cigarettes more
easily than traditional tobacco products and could be
susceptible to acute and chronic effects of nicotine ex-
posure. Small children are at risk for oral and dermal
exposure from large quantities of nicotine that poten-
tially smell or taste appealing to the exploring toddler.
Given the relatively large amounts of nicotine contained
in a small volume, morbidity and mortality concerns
are significant.

Currently, the Food and Drug Administration’s
(FDA) Center for Tobacco Products regulates cigarettes,
cigarette tobacco, roll-your-own tobacco, and smoke-
less tobacco, but not non-tobacco-based nicotine prod-
ucts.® Although the FDA’s Center for Drug Evaluation
and Research regulates electronic cigarettes specifically
marketed for therapeutic purposes, manufacturers not
making such claims are not subject to FDA regulations.
The FDA is attempting to gain regulatory authority over
nicotine products like electronic cigarettes, and they
caution that the safety of these products, even when
used as intended, has not been fully evaluated.®

Continued on page 19
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maternal bleeding and maternal and fetal death occurred at the rivaroxaban
dose of 40 ma/kg labout 6 times maximum human exposure of the unbound drug
at the human dose of 20 mg/day).

Nursing Mothers: It is not known if rivaroxaban is excreted in human milk.
Rivaroxaban and/or its metabolites were excreted into the milk of rats. Because
many drugs are excreted in human milk and because of the potential for serious
adverse reactions in nursing infants from rivaroxaban, a decision should be
made whether to discontinue nursing or discontinue XARELTO, taking into
account the importance of the drug to the mother.

Pediatric Use: Safety and effectiveness in pediatric patients have not been
established.

Geriatric Use: Of the total number of patients in the RECORD 1-3 clinical studies
evaluating XARELTO, about 54% were 65 years and over, while about 15% were
=75 years. In ROCKET AF, approximately 77% were 65 years and over and about
38% were »75 years. In the EINSTEIN DVT, PE and Extension clinical studies
approximately 37% were 65 years and over and about 16% were >75 years. In
clinical trials the efficacy of XARELTO in the elderly {65 years or older) was
similar to that seen in patients younger than 65 years. Both thrombotic and
bleeding event rates were higher in these older patients, but the risk-benefit
profile was favarable in all age groups [see Clinical Pharmacology (12.3) and
Clinical Studies (14) in full Prescribing Information).

Females of Reproductive Potential: Females of reproductive potential requiring
anticoagulation should discuss pregnancy planning with their physician.

Renal Impairment: In a pharmacokinetic study, compared to healthy subjects
with normal creatinine clearance, rivaroxaban exposure increased by
approximately 44 to 64% in subjects with renal impairment. Increases in
pharmacodynamic effects were also observed [see Clinical Pharmacology (12.3)
in full Prescribing Information].

Treatment of DVT and/or PE, and Reduction in the Risk of Recurrence of DVT
and of PE: In the EINSTEIN trials, patients with CrCl values <30 mlL/min at
screening were excluded from the studies. Avoid the use of XARELTO in patients
with CrCl <30 mL/min.

Hepatic Impairment: In a pharmacokinetic study, compared to healthy subjects
with normal liver function, AUC increases of 127% were observed in subjects
with moderate hepatic impairment (Child-Pugh B).

The safety or PK of XARELTO in patients with severe hepatic impairment
(Child-Pugh C) has not been evaluated [see Clinical Pharmacology (12.3) in full
Frescribing Information].

Avoid the use of XARELTO in patients with moderate {Child-Pugh B) and severe
{Child-Pugh C) hepatic impairment or with any hepatic disease associated with
coagulopathy.

OVERDOSAGE:

Overdose of XARELTO may lead to hemorrhage. Discontinue XARELTO and
initiate appropriate therapy if bleeding complications associated with
overdosage occur. A specific antidote for rivaroxaban is not available.
Rivaroxaban systemic exposure is not further increased at single doses =50 mg
due to limited absorption. The use of activated charcoal to reduce absarption in
case of XARELTO overdose may be considered. Due to the high plasma protein
binding, rivaroxaban is not expected to be dialyzable [see Warnings and
Precautions and Clinical Pharmacology (12.3) in full Prescribing Information].
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Continued from page 9

There is no practical antidote for nicotine poisoning.
Supportive care is the mainstay of treatment. The most
consequential effect, paralysis, requires respiratory sup-
port. Benzodiazepines should be given for seizures. At-
ropine can limit bradycardia and bronchorrhea, and
hypertension can be managed with short-acting anti-
hypertensives. If there is concern for dermal exposure,
the patient should be decontaminated with soap and
water. Activated charcoal can be administered if the pa-
tient presents immediately following exposure, but its
use is generally limited by vomiting.

Case concluded

The child vomited several times in the emergency de-
partment and was not given activated charcoal. She re-
ceived intravenous fluids and was monitored closely for
24 hours, during which time her tachycardia and hyper-
tension resolved. The patient became more awake and
alert, was able to eat and drink, did not develop any
seizures, and was subsequently discharged home. The
parents were educated about safe storage of the liquid
nicotine refills. EM
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Coming next issue in
“Emergency Imaging”

¢ A man falls while he’s shoveling snow. Arriving at
the emergency room, he reports that the left thumb
entered the left eye when he fell. He complains of
eye pain and decreased vision.

*What imaging study should be ordered? How will it
aid the diagnosis?
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