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Abstract

Urine drug testing is frequently used in clinical, employment, educational, and legal settings and misin-
terpretation of test results can result in significant adverse consequences for the individual who is being
tested. Advances in drug testing technology combined with a rise in the number of novel misused sub-
stances present challenges to clinicians to appropriately interpret urine drug test results. Authors searched
PubMed and Google Scholar to identify published literature written in English between 1946 and 2016,
using urine drug test, screen, false-positive, false-negative, abuse, and individual drugs of abuse as key words.
Cited references were also used to identify the relevant literature. In this report, we review technical in-
formation related to detection methods of urine drug tests that are commonly used and provide an
overview of false-positive/false-negative data for commonly misused substances in the following categories:
cannabinoids, central nervous system (CNS) depressants, CNS stimulants, hallucinogens, designer drugs,
and herbal drugs of abuse. We also present brief discussions of alcohol and tricyclic antidepressants as
related to urine drug tests, for completeness. The goal of this review was to provide a useful tool for
clinicians when interpreting urine drug test results and making appropriate clinical decisions on the basis

of the information presented.
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here have been increased concerns

regarding the nonmedical use of pre-

scribed drugs and rising trends in
illicit drug use and dependence. In 2014, it
was estimated that 27 million Americans
aged 12 years and older (representing 10.2%
of the population) have used illicit drugs in
the past month; this is compared with 7.9%
in 2004." Urine drug testing is routinely
used in clinical practice to rule out
substance-induced disorders, confirm medica-
tion adherence, and identify substances in
overdose situations. Employers and courts
also perform drug tests to screen for illicit
drug use. Despite the widespread use of urine
drug tests (UDTs), there is little published
information on how to correctly interpret the
results of these tests. Incorrect interpretation
of test results (false-positive or false-negative)
can have significant consequences (eg, loss of
job and incarceration). Unfortunately, there
is evidence that there is a deficiency in clini-
cian’s knowledge about accurate UDT

interpretation.”” Regular use of UDT did not
correlate with increased knowledge; therefore,
the need for clinician education may be
widespread.

The goal of this review was to provide an
updated guide for clinicians that includes
recent reports of agents that may cause
false-positive results on common UDT immu-
noassays. We also expanded information on
marijuana on the basis of recent legislative
trends and included information on synthetic
cathinones and cannabinoids. Our ultimate
goal was to provide a concise reference that
can be used in everyday practice by clinicians
to accurately interpret UDT results that lead to
appropriate therapeutic decisions.

LITERATURE SEARCH

Authors searched PubMed and Google Scholar
to identify published literature between 1946
and 2016, using the following key words:
urine drug test, screen, false-positive, false-nega-
tive, and abuse. In addition, individual drugs
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of abuse discussed in the article were also used
as key words. For completeness, we also iden-
tified relevant cited references in the initially
identified publications. Publications that dis-
cussed urinary testing of substances in
humans or human samples only were selected.

METHODS OF DRUG TESTING

Drug testing can be completed on various bio-
logical specimens including urine, blood, hair,
saliva, sweat, nails (toe and finger), and meco-
nium. Urine is the most commonly obtained
specimen for drug testing due to its noninva-
sive route and ease of sample collection.
Both parent drug and metabolites may be
detected in urine specimens and are usually
in higher concentrations than in blood or
serum samples. Drug detection times are
longer in urine (ie, 1 day up to several weeks)
than in blood or serum samples.”

There are 2 main types of UDTs, screening
and confirmatory tests. Initial drug tests or
screens are performed using immunoassay
technology and are conducted in the labora-
tory or onsite with point-of-care testing
(POCT). Immunoassays allow for a large num-
ber of specimen screens to be completed and
provide relatively rapid results.” Three main
types of immunoassays are available: (1)
enzyme-multiplied immunoassay technique,
(2) enzyme-linked immunosorbent assay
(ELISA), and (3) fluorescence polarization
immunoassay. In general, immunoassays use
antibodies to detect the presence of drug
metabolites or classes of drug metabolites in
the urine. Unfortunately, immunoassays will
detect substances with similar characteristics,
resulting in cross-reactivity leading to false-
positive results.

An increasing trend, especially in pain
management clinics and with clinicians treat-
ing patients with substance use disorders, is
POCT in the office setting. It allows for imme-
diate results onsite, allowing the clinician to
discuss results with the patient in real time.
These POCTs should be cleared by the Food
and Drug Administration (FDA) and are usu-
ally waived by Clinical Laboratory Improve-
ment Amendments. Visual analysis of the test
result provides interpretation of the outcomes.
At times, results may be difficult to read (eg,
faint color and uncertain color), leading to
subjective interpretation.” In addition, POCT
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Immunoassays have many weaknesses that can result in false-
positive and false-negative results. Understanding how to
interpret urine immunoassays (eg, cutoff values, detection times,
and false-positive results) is vital when ordering.

All positive results on immunoassays need confirmatory testing
(eg, gas chromatography/mass spectrometry).

Testing for designer drugs (eg, synthetic cathinones and can-
nabinoids) is challenging secondary to continual changes in

synthetic compounds and

substances.

has the same limitations as laboratory-based
immunoassays and results should be used
only to screen for a substance. Consumers
who purchase POCT kits are cautioned against
interpreting any positive preliminary results
and confirmatory testing by a professional is
recommended.

All initial testing conducted with immuno-
assays need to be considered presumptive, and
clinicians need to wuse clinical judgment,
patient history, and collaborative information
to decide whether confirmatory testing is
necessary for optimal patient care. Gas chro-
matography/mass spectrometry (GC-MS) is
considered the criterion standard in confirma-
tory testing and can identify specific molecular
structures and quantifies the amount of a drug
or substance present in the sample.” The
GC-MS assessments must be conducted by
highly trained personnel, are time-consuming
and costly, and thus are reserved for confirm-
ing positive drug screens. Liquid chromatog-
raphy/tandem mass spectrometry (LC-MS/
MS) offers an alternative to GC-MS for confir-
matory testing and may be more time-efficient.
Confirmatory testing should always be con-
ducted when making legal, forensic, academic,
employment, or other decisions that have sig-
nificant sequelae.

Cutoff Levels

Cutoff values for UDT define the concentra-
tions needed to produce positive results for
immunoassays and confirmation testing on
GC-MS or LC-MS/MS. Cutoff levels were
established to help minimize false-positive
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results especially in workplace drug testing
(eg, passive inhalation of marijuana causing
positive results; poppy seeds ingestion causing
positive opiate results). Results lower than the
established cutoff values are reported as nega-
tive. Therefore, a negative result does not indi-
cate that a substance is not present, but that
the concentration was lower than the estab-
lished cutoff concentration. Table 1 displays
the federal mandated cutoff levels for the
workplace developed by the Department of
Health and Human Services.” Although clini-
cians should be aware of federal cutoff values
for substances of abuse, they should recognize
that the federal cutoff concentrations were
established for use in the workplace in which
higher cutoff concentrations may be necessary
to avoid false-positive results.” However, in
medical practice, lower cutoff values may be
necessary particularly when testing for medi-
cation adherence. Clinical laboratories may
use cutoff levels that are different from federal
guidelines; thus, it is important that practi-
tioners are aware of the values when interpret-
ing results. In addition, clinicians may need to
request a lower cutoff value to be used to
minimize false-negative results; however, this
may increase the rate of false-positive results.
Furthermore, cutoff values were established
for the adult population. Lower cutoff values
may be necessary for infants due to a more

TABLE 1. Federal Workplace Cutoff Values™”

Initial drug test level

Initial test analyte (immunoassay) (ng/mL)

Marijuana metabolites 50

Cocaine metabolites 150
Opiate metabolites

Codeine/morphine” 2000
6-Acetylmorphine 10
Phencyclidine 25
Amphetamine/ 500

methamphetamine®

MDMA 500
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dilute urine.” Urine osmolality tends to reach
adult values after age 2 years.

Detection Times

Detection time or window is the amount of
time a drug can be detected in the urine and
still produce a positive result. To evaluate
detection times of a drug or substance, both
drug characteristics and patient factors need
to be considered. Drug characteristics include
half-life, drug metabolites, drug interactions,
dosing intervals, low versus high dosage,
chronic versus occasional use, and time of
last ingestion. Patient factors that also can
affect detection times include body mass, pH
of the urine, urine concentration, and renal
or liver impairment. Table 2 reports standard
detection times for drugs routinely detected
in the urine.”"’

EVALUATION OF A URINE SAMPLE

People misusing drugs commonly use various
methods (eg, adulteration, urine substitution,
diluting urine) to avoid detection. A basic
understanding of urine specimen characteris-
tics is helpful to the clinician when evaluating
drug screen results.

Normal urine ranges from pale yellow to
clear depending on its concentration. Speci-
mens collected in the early morning have the
highest concentration and therefore will

Confirmatory test Confirmatory drug test

analyte level (GC-MS) (ng/mL)
Delta-9-tetrahydrocannabinol- I5

9-carboxylic acid

Benzoylecgonine 100
Codeine/morphine 2000
6-Acetylmorphine 10
Phencyclidine 25
Amphetamine 250
Methamphetamine” 250
MDMA 250
MDA 250
MDEA 250

*MDA = methylenedioxyamphetamine; MDMA = methylenedioxymethamphetamine; MDEA = methylenedioxyethylamphetamine.

°Morphine is the target analyte for codeine/morphine testing.

“Methamphetamine is the target analyte for amphetamine/methamphetamine testing,

9Specimen must also contain amphetamine at a concentration greater than or equal to 100 ng/mL.
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TABLE 2. Approximate Drug Detection Time in the
Urine” "’

Length of time

Drug detected in urine

Alcohol 7-12 h
Amphetamine 48 h
Methamphetamine 48 h
Barbiturate

Short-acting (eg, pentobarbital) 24 h

Long-acting (eg, phenobarbital) 3 wk
Benzodiazepine

Short-acting (eg, lorazepam) 3d

Long-acting (eg, diazepam) 30d
Cocaine metabolites 2-4d
Marijuana

Single use 3d

Moderate use (4 times/wk) 5-7d

Chronic use (daily) [0-15d

Chronic heavy smoker >30d
Opioids

Codeine 48 h

Heroin (morphine) 48 h

Hydromorphone 2-4d
Methadone 3d
Morphine 48-72 h
Oxycodone 2-4d
Phencyclidine 8d
Synthetic cannabinoids

Single use 72 h

Chronic use >72 h

Synthetic cathinone Variable

Adapted from Mayo Clin Proc, with permission.'”

contain higher levels of the drug.'’ The tem-
perature of the urine sample should be
recorded within the first 4 minutes after
collection and is usually between 90°F and
100°F.'® Urine specimen temperature may
stay at 90.5°F for up to 15 minutes. Although
urine pH fluctuates throughout the day, it
generally ranges between 4.5 and 8. Specific
gravity normally ranges between 1.002 and
1.030. In normal human urine, creatinine con-
centrations should be greater than 20 mg/dL.
Urine specimens that are of unusual color or
that are outside the normal parameters for
human urine may be due to medications,
foods, or disease states (diuretics, strict vege-
tarian diet, high state of hydration).'o It is
imperative that documentation of these
factors is included and be considered when
the clinician is interpreting urine drug screen
results.

Adulteration or dilution of the urine spec-
imen should be suspected if the pH is less than
3 or greater than 11 or the specific gravity is
less than 1.002 or greater than 1.030."" Uri-
nary creatinine concentrations less than
20 mg/dL are indicative of dilute urine,
whereas those less than 5 mg/dL combined
with a specific gravity of less than 1.001 are
not consistent with human urine.'’ Urine
specimens outside of these ranges are due to
adulterations or dilution attempts. Urine spec-
imens adulterated with soap may also produce
excessive bubble formation that is long last-
ing " 1f the urine specimen appears to be
adulterated or diluted, the second specimen
for evaluation should be collected under
observation.

Adulterants that have been used to mask a
person’s use of a substance include household
items such as table salt, laundry bleach, toilet
bowl cleaner, vinegar, lemon juice, ammonia,
or eye drops. Several select commercial adul-
terants containing glutaraldehyde (Clean X),
sodium or potassium nitrite (Klear, Whizzies),
pyridinium chlorochromate (Urine Luck), and
peroxide/peroxidase (Stealth) are used to mask
drug use.”’ Most household adulterants,
except for eyedrops, can be detected by
routine integrity (ie, temperature, pH, specific
gravity) measurements.”” Commercial adulter-
ants may mask the presence of drugs or their
metabolites. Several dipstick tests (ie, Adulta-
Check 4, AdultaCheck 6, Intect 7) are avail-
able for specimen integrity validation.””

SPECIFIC DRUGS TESTED IN THE URINE

Determining which drug to test for in a UDT
panel depends on the clinical setting. Most
panels include the 5 drugs required by federal
workplace guidelines, which include amphet-
amines, cocaine, marijuana, opiates, and phen-
cyclidine.” Benzodiazepines are commonly
included in most UDTs. Clinicians working
with patients with pain disorders should
consider additional testing for semisynthetic
(eg, oxycodone) and synthetic opioids (eg, fen-
tanyl and methadone) (Table 3)." Mass-spec-
trometry—based definitive laboratory testing
should be considered once to twice per year
on the basis of the risk of assessment.”” Below,
we discuss common drugs of abuse encoun-
tered in the clinical setting and common
false-positives and false-negatives with each
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TABLE 3. Classification of Opioids”

Derivation Opioid
From opium Codeine, morphine, opium, thebaine
Semisynthetic ~ Buprenorphine, dihydrocodeine,
heroin, hydrocodone,
hydromorphone, levorphanol,
oxycodone, oxymorphone
Synthetic Fentanyl, meperidine, methadone,

tramadol

screening test (Table 4) 12171824112 The
importance of confirmatory testing is empha-
sized to ensure an accurate and reliable UDT
result.

Cannabinoids

Cannabis or marijuana generally refers to any
part of the Cannabis plant and has been used
throughout history for textiles, fuels, and med-
icines and for its euphoric effects.'’ The
Cannabis plant contains approximately 460
active chemicals with more than 60
chemicals classified as cannabinoids. Delta-9-
tetrahydrocannabinol (THC) is considered the
primary active chemical responsible for mari-
juana’s medicinal and psychoactive effects.

Currently, marijuana is the most widely
used “illicit” substance in the United States,
with almost 20 million Americans 12 years
or older using marijuana in 2013.""” Smoking
or inhaling marijuana through cigarettes,
cigars, water pipes, or vaporization is the
most common route of administration primar-
ily due to its rapid effects and ability to deliver
high concentrations of the drug into the
bloodstream.''* Some users prefer the oral
route of administration by mixing marijuana’s
oil base extract (hash oil) into common foods
such as desserts, candies, or sodas.

Although illegal by the federal govern-
ment, as of November 2016, 28 states plus
the District of Columbia have approved mari-
juana use for medical purposes, and 8 states
including the District of Columbia have
approved  marijuana  for  recreational
use.' 7! With state legalizations, it is impor-
tant that clinicians inquire about medical and
recreational marijuana use when ordering a
drug screen to help with interpretation. It is
important for users of medical or recreational
marijuana to be aware that although approved
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by their state government, other entities
(eg, federal systems, workplace, criminal jus-
tice systems, and schools) may still require a
negative drug test result for marijuana.
Furthermore, clinicians need to consider unin-
tentional ingestion of marijuana especially in
the presence of unexplainable neurologic con-
ditions and food-borne illness. Both adults
and children are susceptible to accidental
ingestion of marijuana, especially through
unlabeled food products.''” Children may
experience more profound effects due to the
edibles containing unverified dosages, and
adults who have never used illicit drugs may
experience more adverse effects. Reports of
accidental ingestions have increased markedly
since the legalization of marijuana in various
states, and clinicians need to consider ordering
a UDT for THC when necessary.

Urine drug testing for marijuana is based
on THCs main metabolite 11-nor-delta-
9-tetrahydrocannabinol-9-carboxylic acid.”'"®
Initial testing through immunoassay is sensitive
to several THC metabolites and the federal cut-
offlevel is 50 ng/mL although some laboratories
may use a lower cutoff level of 20 ng/mL.”
Confirmation testing via GC-MS or LC-MS/
MS is specific for 9-tetrahydrocannabinol-9-
carboxylic acid, allowing for a lower federal
cutoff concentration of 15 ng/mL."''*

Estimating the detection time for marijuana
in the urine is multifaceted. Factors that influ-
ence detection of marijuana include route of
administration, dosage and potency of mari-
juana, frequency of use, body mass, and
one’s metabolic rate. Cannabinoids are highly
lipophilic and are extensively stored in lipid
compartments throughout the body. Chronic
use of marijuana will result in accumulation
of THC in fatty tissues, resulting in slow elim-
ination rates of marijuana metabolites.' "
Detection of marijuana can occur in the urine
for greater than 30 days after cessation among
chronic users," """ whereas single exposure
to marijuana in nonusers typically can be
detected in the urine only up to 72 hours.'*"

A practical challenge with UDT for mari-
juana is determining acute versus chronic mari-
juana use. Researchers have looked at
quantifying the glucuronide conjugates of THC
and 11-OH-THC (using Escherichia coli B-gluco-
sidase hydrolysis) as biomarkers for recent
(<8 hours) marijuana consumption.'*"'**
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However, Lowe et al'*' found concentrations in
the urine up to 24 days after cessation in a
chronic heavy user, refuting the effectiveness of
these biomarkers. With respect to driving under
the influence, most states rely on blood levels to
determine impairment.'*> However, blood con-
centrations can rapidly decline within the first
hour because of rapid distribution into fat stores
and first-pass hepatic metabolism.'** In addi-
tion, Bergamaschi et al'”” found detectable
THC concentrations in the blood after 30 days
in 5 patients.

There are 2 FDA-approved prescription
medication forms of THC. Dronabinol, a syn-
thetic version of THC, and nabilone, a syn-
thetic cannabinoid similar to THC, are
indicated for chemotherapy-induced emesis
and anorexia in patients with AIDS (dronabi-
nol only).””®" Dronabinol will test positive
for THC on UDTs, whereas nabilone tests
negative for THC due to its distinct metabo-
lites.” A challenge in patients receiving dro-
nabinol is the inability to distinguish
dronabinol from plant THC through confir-
matory tests. Levin et al'*® conducted a study
to determine whether testing for A®-tetrahy-
droccanbivarin (THCV), a plant cannabinoid,
in the urine would help distinguish the use of
illicit plant marijuana use from oral dronabi-
nol use. However, only 50% of participants
who used cannabis heavily (>5 times per
week) tested positive for THCV. The authors
concluded that this test was not sensitive
enough to test for either the presence or
absence of THCV likely owing to variable
strains of cannabis.

Medications reported to cross-react with
cannabinoid immunoassays include proton
pump inhibitors (PPIs), 6H127 nonsteroidal
anti-inflammatory drugs (NSAIDs),”® and efa-
virenz."*” Literature describing the interfer-
ence of PPIs with UDT is limited to 1 case
report of pantoprazole and pantoprazole’s
package insert.”"'*” The mechanism for pan-
toprazole’s interference with marijuana’s UDT
is unknown and it is unclear whether this is
a class effect or limited only to pantoprazole.
Prescribing information of other PPIs does
not report this interference.

With respect to NSAIDs, Rollins et al®’
found that only 2 samples out of 510 samples
produced false-positive results for cannabis on
immunoassay, 1 in a patient who took a single

daily dose of 1200 mg of ibuprofen and 1 in a
chronic naproxen user. NSAID interference
appears to be rare; however, secondary confir-
mation is warranted in patients using
NSAIDs with unexplained THC results on
immunoassay.

The cross-reactivity of efavirenz, a nonnu-
cleoside reverse transcriptase inhibitor, on
UDT for marijuana has been well docu-
mented.””®  The glucuronide metabolite
(EFV-8-ether glucuronide) has been attributed
to causing the false-positive result.

Surface contaminants with urine collec-
tions have also been shown to cause false-
positive results in UDTs in newborns. Because
of an increase in false-positive rates for THC
UDTs in newborns, Cotten et al®’ investigated
several commercial products and materials
(eg, baby wash, wipes, diapers, and urine
collection bags) to determine whether cross-
reactivity was present. Several baby wash
products  produced a  dose-dependent
response on THC immunoassays, with many
testing positive using a cutoff of 20 ng/mL
but none reach the standard cutoff level of
50 ng/mL. It was discovered that nurses used
different techniques to clean newborns before
and during sample collection. This study high-
lights the importance of surface contaminants
especially in the collection and analysis of
urine in newborns.

A rising concern, especially with state
approval of recreational marijuana use, is
whether second-hand exposure to marijuana
can result in positive drug screening. Several
studies were conducted in the 1980s evalu-
ating whether passive inhalation of marijuana
would test positive on cannabis urine
assays.'*"?" Most of these studies found
detectable urine concentrations of THC's
metabolites significantly below standard cutoff
values. Since these studies were conducted,
the potency of marijuana has significantly
increased. In the 1980s, the potency of THC
confiscated by law enforcement was around
3% whereas in 2014 the potency was approx-
imately 12%.""""* With the rise in THC
potency, Cone et al'” evaluated the effects
of passive inhalation with high-potency THC
(up to 11.3%). The study placed 6 non-
smokers in a small room for 1 hour with
smokers under the following conditions:
(1) without air ventilation with participants
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TABLE 4. Summary of Agents Contributing to Results by Immunoassay”

Substance

Alcohol”!

Amphetamines™ >’

51-59

Benzodiazepines

| [
Cannabinoids' /*%7°

. 7173
Cocaine” '~

Opioids/opiates/heroin

17,18,74-90

Potential positives
(includes true- and false-positives)

Short-chain alcohols (eg, isopropyl alcohol)

[-Methamphetamine (Vick's inhaler)b

[-Deprenyl®

Amantadine

Aripiprazole

Atomoxetine

Benzphetamine

Bupropion

Clobenzorex”

Chlorpromazine

Desipramine

Dextroamphetamine

Dimethylamylamine

Ephedrine

Fenproporex’

Isometheptene

Isoxsuprine

Labetalol

Metformin

Methylphenidate

Methamphetamine

MDMA

Phentermine

Promethazine

Pseudoephedrine

Phenylephrine

Phenylpropanolamine

Ranitidine

Ritodrine

Selegiline

Thioridazine

Trazodone

Trimipramine

Trimethobenzamide

Efavirenz

Oxaprozin

Sertraline

Baby wash products

Dronabinol

Efavirenz

NSAIDs

Proton pump inhibitors

Coca leaf tea

Topical anesthetics containing cocaine

Dextromethorphan

Diphenhydramine®

Doxylamine®

Heroin

Opiates (codeine, hydromorphone,
hydrocodone, morphine)

Poppy seeds
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Potential medications
that may not be detected

Not applicable
Not applicable

Alprazolam
Clonazepam
Lorazepam

Nabilone

Synthetic cannabinoids

Not applicable

Buprenorphine
Fentanyl
Meperidine
Methadone
Oxycodone

Oxymorphone

Continued on next page
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TABLE 4. Continued

Potential positives
Substance (includes true- and false-positives)

Quinine
Quinolones
Rifampin

Potential medications
that may not be detected

Tramadol

Verapamil and metabolites®

Phencyc\idme‘ vrl=ee

Diphenhydramine

Doxylamine
lbuprofen
Imipramine
Ketamine
Lamotrigine
MDPV
Meperidine
Mesoridazine
Thioridazine
Tramadol

Dextromethorphan

Not applicable

Venlafaxine, O-desmethylvenlafaxine

1o1=1 Carbamazepine'

Cyclobenzaprine
Cyproheptadine’

Tricyclic antidepressants

Diphenhydramine’

Hydroxyzine"
Quetiapine

112

Synthetic cannabinoids Lamotrigine

Not applicable

Not applicable

*MDMA = methylenedioxymethylamphetamine; MDPV = methylendioxyprovalerone; NSAID = nonsteroidal anti-inflammatory drug.

®Newer immunoassays have corrected the false-positive result for Vick's inhaler.

“Converts to l-methamphetamine and l-amphetamine.
“Approved in Mexico. Not approved in the United States.

°Diphenhydramine, doxylamine, and verapamil (including metabolites) have been shown to cause positive results in methadone assays

only.
fReports of false-positive results occurred in serum only.
Adapted from Mayo Clin Proc, with permission.'”

actively smoking marijuana cigarettes contain-
ing 5.3% THC, (2) without air ventilation with
participants actively smoking marijuana ciga-
rettes containing 11.3% THC, and (3) with
active air ventilation with participants actively
smoking marijuana cigarettes containing
11.3% THC.""** None of the participants
tested positive with an immunoassay (ELISA)
cutoff level of more than 20 ng/mL in the
room with ventilation. In rooms without
ventilation, multiple immunoassays tested
positive when using a 20 ng/mL cutoff value
and 1 tested positive at the 50 ng/mL cutoff
value (condition 2). Detection times to pro-
duce a positive screen (ELISA >20 ng/mL)
ranged from 2 to 22 hours postexposure.
Although 1 nonsmoker met the federal cutoff
concentration and many with lower cutoff

values, detection time was short and it was un-
der harsh conditions (no ventilation) in which
someone would be aware they were heavily
exposed to second-hand smoke.

Central Nervous System Depressants

Opioids. “Opioid” is the term to describe all
compounds that work at the opioid receptors
in the central nervous system (CNS) and
peripheral tissues. Opioids are primarily used
for their analgesic properties, although they
also have antitussive or antidiarrheal effects.
Common prescription opioid medications
include morphine, hydrocodone, hydromor-
phone, oxycodone, fentanyl, methadone, and
tramadol, while heroin is an illicit agent. The
term “opiates” is used only to describe
morphine and codeine, which are naturally
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derived from the opium poppy seed.'”
Table 3 categorizes the opioid compounds
according to sources of derivation.”

Opioid use has drastically increased in the
past 10 to 15 years, and subsequently opioid
misuse and abuse are also on the rise.' All
prescription opioids have the potential for
abuse and are Schedule 11 medications except
tramadol, which recently went from unsched-
uled status to Schedule IV."”" With the recent
rescheduling of hydrocodone products from
Schedule 1III to II, it is expected that there
may be an increase in tramadol prescriptions
due to ease of prescribing Schedule IV
medications compared with Schedule I
medications.

Urine drug testing is one of many tools for
safe prescribing of opioids with appropriate
assessment and monitoring.”g‘140 It is impor-
tant for clinicians to be aware that UDTs may
not detect all opioid drugs equally, and it is
vital that clinicians ordering UDT for opioids
know how to interpret results, are familiar
with which agents their laboratory tests for,
and  understands  opium  metabolism
(Figure 1).7%"*! Most conventional immuno-
assays use morphine as a single calibrator drug
to set the threshold for distinguishing a “posi-
tive” or “negative” test result. Because cross-
reactivity of antibodies between morphine
and other opiates such as oxycodone, hydro-
codone, hydromorphone, and oxymorphone
is low, there may be a risk of false-negative
results.** More advanced immunoassays or
LC-MS/MS show higher specificity that can
maximize detection for those agents.'*

Heroin

MAYO CLINIC PROCEEDINGS

Fentanyl, methadone, and buprenorphine
have distinct differences in chemical structure
compared with morphine; thus, there is no
reactivity in commonly marketed morphine-
specific immunoassays‘%’143 and these require
immunoassays that are specific for these com-
pounds or LC-MS/MS.”*®" In addition, some
laboratories do not routinely test for semisyn-
thetic or synthetic medication (see Table 3) in
a standard opioid UDT unless specially
requested. Clinicians must have an adequate
understanding of their institution’s laboratory
immunoassay capabilities and/or the option
for LC-MS/MS before using UDT.

Another clinical limitation with UDT for
federal and Department of Transporta-
tion—regulated industry employees is the fed-
eral cutoff level of 2000 ng/mL with additional
testing for heroin metabolite 6-monoacethyl-
morphine with a cutoff of 10 ng/mL use.’
The cutoff level for opiate (eg, morphine and
codeine) testing was raised from 300 ng/mL
to 2000 ng/mL of morphine in 1998 in efforts
to limit the large number of morphine and/or
codeine positive results from poppy seed
ingestion or routine prescription opiate use
when screening for heroin abuse.”””” Unfor-
tunately, using this high workplace drug
testing cutoff level can result in negative test
results, making it difficult for clinicians to
interpret recent opioid use especially when
testing for synthetic and semisynthetic opi-
oids."™* Clinicians who commonly prescribe
opioid medications for chronic pain and use
UDT for compliance monitoring and abuse
detection may need to use the lower threshold

Oxycodone

Codeine > Morphine

Hydromorphone?

v

A

3
Oxymorphone

Hydrocodone

FIGURE 1. Metabolism of opioids. *®'*" ®Morphine is metabolized to hydromorphone in very small

amounts.
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of 300 ng/mL. As clinicians, it is important
that one is aware of their laboratory’s cutoff
value for opioids and when necessary may
need to request additional testing at a lower
cutoff. The most common reasons for opioid
false-negative results are using incorrect
testing for a specific opioid or there is insuffi-
cient concentration of opioid in the urine.'*

A few nonopioid agents have been shown
to cause false-positive results for opiates and
are reported in Table 4. Quinolones, which
are commonly prescribed antiinfectives, are
widely reported to interfere with opiate immu-
noassays.””** Meatherall and Dai"” evaluated
ofloxacin, norfloxacin, and ciprofloxacin for
cross-reactivity on the enzyme-multiplied
immunoassay technique II opiate immuno-
assay using a morphine threshold of 300 ng/
mL. Ofloxacin was found to produce positive
results, whereas norfloxacin and ciprofloxacin
did not elicit positive results. Gatifloxacin also
was found in a case report to provide a
positive finding for opiates using the
2000 ng/mL cutoff level.”* Rifampin or rifam-
picin also has caused false-positive results with
opiate immunoassalys.77’79‘87

To understand opiate UDT, a proper
understanding of specific opioid metabolism
is essential. Studies have shown that clinicians
struggle with interpreting opioid UDT results,
which may be due to lack of understanding of
opioid metabolism.”” The following section
reviews commonly prescribed opioids, their
metabolic pathways (Figure 1), and their util-
ity in UDT.

Morphine and codeine are both derived
from opium. Codeine is metabolized to
morphine and norcodeine. In the urine, all
3 compounds can be detected after codeine
ingestion. Morphine is metabolized to
3-morphine-glucuronide and 6-morphine-
glucuronide. Hydromorphone has been iden-
tified as a minor metabolite of morphine.'*
Codeine and hydrocodone metabolism can
also produce small amounts of hydrocodone
and hydromorphone, respectively, and should
not be interpreted as indicators of hydroco-
done or hydromorphone ingestion when
high concentrations of codeine or hydromor-
phone are detected in the UDT."'*"'*

Heroin is rapidly —metabolized to
6-monoacetylmorphine (6-MAM), which is
further deacetylated to morphine. If heroin

use is suspected, one can test for 6-MAM in
the urine using a definitive method because
the 6-MAM metabolite is specific only to her-
oin and not morphine or codeine. However,
6-MAM has an extremely short half-life of 36
minutes and is detected only up to 8 hours
in the urine after heroin use.'™ In addition,
street heroin may be adulterated with other
opioids, such as acetylcodeine, making it diffi-
cult to differentiate between heroin, codeine,
or morphine use.”"' "’

Oxycodone is frequently prescribed to treat
pain and has been shown to have high abuse
potential. "' Oxycodone is metabolized into
the active metabolite oxymorphone and moder-
ately active metabolite noroxycodone.'”*'>”
About 13% to 19% of the dose is excreted as
unchanged drug, 7% to 29% as oxycodone
conjugates, 13% to 14% as oxymorphone
metabolite, and an unknown amount to norox-
ycodone.'”* Large variability of metabolic ratio
has been published in the literature identifying
abnormal metabolite formation when consid-
ering ultra-rapid and poor metabolizers of
oxycodone to oxymorphone.'”’

Methadone is a potent opioid with unique
pharmacology; notably, it has a long elimina-
tion half-life, which makes it attractive for
treatment of chronic pain and dependence
on opioids and heroin."””"77"7®  About
one-third of methadone is excreted unchanged
in the urine and is metabolized to an
inactive metabolite 2-ethylidene-1,5-dimethyl-
3,3-diphenylpyrrolidene  (EDDP).  Although
both methadone and EDDP are present in the
urine, many methadone immunoassays detect
only the parent compound, methadone. This
can be problematic because patients occasion-
ally spike their urine with their methadone pre-
scription to generate a positive result on a
UDT."”" There are screening methods for
methadone and EDDP and only 1 assay, Immu-
nalysis’s Homogeneous Enzyme Immunoassay
(HEIA), tests for both with a cutoff of 300 ng
for methadone and 500 ng for EDDP."”* More-
over, testing for EDDP with GC-MS may be
necessary with suspected adulteration and
in patients who are rapid metabolizers of
methadone. A few medications, including
verapamil, diphenhydramine, and doxylamine,
have been reported to cause false-positive
screens for methadone and requiring secondary
confirmation.”" >
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Fentanyl transdermal patch is another
widely used opioid mainly due to its conve-
nient nonoral route, but it also poses a high
risk of serious adverse effects including respi-
ratory depression.'””'*” Fentanyl is exten-
sively metabolized to its major inactive
metabolite, norfentanyl.'”” Fentanyl has been
shown to have high intrasubject variability
over time and intersubject variability. In
patients with pain disorders, the transdermal
fentanyl excretion variability may be due to
genetic polymorphism of the CYP3A4, skin
absorption, and interactions with drugs used
concomitantly that interfere with fentanyl
metabolism. '

Tramadol is a weak opioid agonist that is
commonly used for mild pain. It is a prodrug
metabolized to an active metabolite O-desme-
thyltramadol and inactive metabolite nortra-
madol. Both these metabolites are further
metabolized to inactive O-desmethylnortrama-
dol.'%? GC-MS, LC-MS/MS, and other proced-
ures to determine tramadol and its metabolites
in the urine have been developed.'®” Clinical
utility of tramadol drug screening may be
important for clinicians to be familiar with as
the use of tramadol increases.

Benzodiazepines. Benzodiazepines are widely
prescribed for use as sedatives, hypnotics, anxi-
olytics, anticonvulsants, and muscle relax-
ants.'®" More than 15 benzodiazepines are
commercially available for use in the United
States; in addition, large numbers of other
benzodiazepines are available in other countries
including flunitrazepam, commonly referred to
as the “date rape” drug. Because of their sedative
properties, benzodiazepines are frequently
misused and abused, and chronic use can lead
to physiological dependence and addiction.

Urine drug testing for benzodiazepines is
commonly used to check for medication
adherence, evaluate abuse/misuse, or identify
medications in overdose or emergency situa-
tions. Benzodiazepines are secondary to opi-
ates in accidental or intentional overdose
situations and are commonly prescribed with
other sedating medications.'®” Because of the
widespread use of benzodiazepines (eg, seda-
tion in the emergency department setting), it
is important that clinicians evaluate patient’s
medication regimen extensively when evalu-
ating UDT results.

MAYO CLINIC PROCEEDINGS

Interpretation of urine benzodiazepine im-
munoassays can be complex secondary to ben-
zodiazepine’s metabolic pathway (Figure 2),
half-life, potencies, and the inability to differ-
entiate  between individual benzodiaze-
pines.'°“'°® Chronic use of diazepam, a long
half-life agent, can be detected over 30 days
in the urine, whereas triazolam, a short half-
life drug, may be detected in the urine only
for a day.” Benzodiazepines with short half-
lives or those that are highly lipophilic (eg, al-
prazolam and diazepam) tend to have the
most risk for abuse. Furthermore, there are
2 significant limitations of benzodiazepine
immunoassays that may lead to false-negative
results: (1) the immunoassay’s inability to
detect conjugated metabolites and (2) high
cutoff values.

Most benzodiazepine immunoassays are
designed to detect the free or nonconjugated
forms of oxazepam or nordiazepam, which are
common metabolites of several benzodiazepines
(eg, diazepam, chlordiazepoxide, and temaze-
pam).'®” However, many benzodiazepines are
excreted as glucuronide conjugates (eg, loraze-
pam and alprazolam) and will not be detected
by most immunoassays unless hydrolysis with
beta-glucuronidase is performed on the urine
before testing.'*”'"" Most laboratories do not
use this technique. Clonazepam is another
benzodiazepine that may result in a false-
negative result because it is primarily reduced
to 7-aminoclonazepam and not converted to
oxazepam or its conjugate nor does it cross-
react well in the immunoassay screen.'’”

Cutoff concentrations of 200 or 300 ng/
mL for benzodiazepines were initially estab-
lished on the basis of standard dosages of
older benzodiazepines such as diazepam,
oxazepam, and flurazepam dosed between 5
and 20 mg/d.”” Using a cutoff of 200 or 300
ng/mL often is too high for more potent ben-
zodiazepines that are prescribed at lower doses
such as lorazepam, alprazolam, and triazolam.
Fraser and Meatherall”"”” found that lowering
the cutoff concentration of alprazolam and tri-
azolam to 100 ng/mL along with enzyme
hydrolysis increased positive results. In addi-
tion, West et al'’* recommended lowering
the cutoff level to 40 ng/mL to detect clonaze-
pam’s main metabolite 7-aminoclonazepam.

Despite the high rate of false-negative re-
sults, medications that produce false-positive
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FIGURE 2. Basic metabolism of benzodiazepines.**'*® *Flunitrazepam in not available in the United

States.

results on the benzodiazepine immunoassays
are minimal (Table 4). Sertraline, a commonly
prescribed medication for treatment of depres-
sion, has widely been reported to cause
false-positive  results with ~benzodiazepine
immunoassays with rates of 27% to 32% found
in 2 retrospective studies.”””*”® Oxaprozin
and efavirenz are additional agents that have
also been found to interfere with the urine
immunoassays.”’ 19299 However, efavirenz's
interference has been found to occur only in
the Triage 8 urine drug test and Drug Screen
Multi 5 test.””””

CNS Stimulants

Amphetamines. There are an estimated 1.6
million people aged 12 years and older
(0.6% of the population >12 years) who re-
ported using stimulants for nonmedical
uses." Among those who reported current
use of stimulants, two-third reported abusing
prescription stimulants but not methamphet-
amine. Amphetamines are commonly abused
for their euphoric and stimulant effects, and
prescription amphetamines have been favored
by college students for their supposed
“cognitive effects.”

Amphetamine immunoassays are the
screening tests most commonly associated
with false-positive results due to the presence
of other cross-reacting drugs and substances.
It is difficult to develop antibodies that are spe-
cific to amphetamine and methamphetamines
due to their structures. Methamphetamine also
has 2 isomers (d-methamphetamine and [-meth-
amphetamine) that contribute to issues with
cross-reactivity and false-positive test results.'”
Amphetamine assays can detect amphetamines,
its isomers (eg, dextroamphetamine), and other
amphetamine-type compounds such as meth-
amphetamine,  methylenedioxyethylamphet-
amine, methylnenedioxyamphetamine, and
methylenedioxymethylamphetamine as well as
other metabolically produced amine-containing
compounds.

Agents that have been commonly linked to
false-positive amphetamine results include
pseudoephedrine/ephedrine,””  bupropion,*
labetalol,””” and ranitidine.””””" Bupro-
pion’s chemical structure is similar to those
of amphetamines and contributes to the
false-positive results.”’ Metformin has also
been linked to false-positive results for am-
phetamines.”® The mechanism is unknown
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for metformin’s interference, but the impor-
tance of confirmatory testing was stressed by
one author to avoid negative consequences
for patients. Additional medications and prod-
ucts that are not obvious culprits for causing
positive results for amphetamines include sele-
giline and Vick's Vapor inhalers. Selegiline
is metabolized into Il-methamphetamine,
l-desmethylselegiline, and [-amphetamine
that contribute to its cross-interference with
amphetamine assays. Selegiline’s metabolites
have also been detected in hair up to 4 weeks
after a single oral dose.'”* Vick’s Vapor
Inhalers have been reported to contain 1% to
2.5%  d-methamphetamine.'”” In  Smith
et al'” report, d-methamphetamine and
l-methamphetamine were not detected in
urine at a lower level of quantification of 10
pg/L after 28 inhalations of Vick’s Vapor
inhalers. There were no positive test results
for d-methamphetamine or d-amphetamine
when GC-MS confirmatory testing was used.
|-Methamphetamine was present in most urine
specimens at 11 hours after the inhalation but
at low concentrations (<250 pg/L). Lisdexam-
fetamine (Vyvanse) is a prodrug that is inactive
before ingestion, which may lead to miscon-
ceptions that the drug will not be detected in
UDT.' " 1t should be noted that on activation
in the gastrointestinal tract, lisdexamfetamine
is converted to I-lysine and the active
d-amphetamine and will be detected in the
urine.

A popular dietary supplement containing
dimethylamylamine (DMAA) also known as
methylhexamine and geranium extract has
been linked to a false-positive amphetamine
screen.”” DMAA has been marketed under
the name OxyElite Pro (among others) for
enhancing weight loss and athletic perfor-
mance. It has been estimated that DMAA is
present in more than 200 supplements despite
reports of the agent’s association with hemor-
rhagic strokes and death.'””""” In an analysis
by the Department of Defense, DMAA was
found in 92.3% of the false-positive amphet-
amine samples that were then confirmed to
be negative by GC-MS.""

Cocaine. Cocaine is a CNS stimulant
extracted from coca leaves.'™ Similar to am-
phetamines, cocaine is often abused for its
euphoric and stimulant effects. It can also
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produce anorexia, insomnia, and an increased
attention span. Although illegal in the United
States, some countries use coca leaves in teas,
drinks, and other natural products. Ingestion
of these products can cause positive results for
cocaine UDT.

Urine testing for cocaine assesses the
presence or absence of cocaine’s primary
metabolite, benzoylecgonine. Minimal cross-
reactivity exists with drug screens for
cocaine.'”” Although amoxicillin is reported
from various Internet sources and review arti-
cles to produce false-positive results for
cocaine, lack of evidence exists to support
this finding.'®" Reisfield et al'®” tested amoxi-
cillin’s theoretical cross-reactivity for cocaine
on 4 different immunoassays and found no
false-positive results for cocaine metabolites.
In clinical practice, cocaine is available for
use as a topical anesthetic in otolaryngology
and ophthalmic procedures. Topical and
ophthalmic use of cocaine can produce true-
positive results for cocaine in the urine.'®’
However, other anesthetic agents such as
benzocaine, lidocaine, procaine, and tetracaine
are structurally distinct from cocaine and its
metabolites and do not produce false-positive
results on UDTs.'%*

Phencyclidine. Phencyclidine (PCP), a disso-
ciative anesthetic, is 1 of the 5 mandated drugs
of abuse in the Department of Health and Hu-
man Services guidelines for workplace UDT.
Although PCP abuse declined in popularity
in the 1980s and 1990s, there has been a
revival of PCP use in the 2000s especially in
combination with other illicit substances. In
2011, the Drug Abuse Warning Network
found a 400% increase in emergency room
visits for PCP from 2005 to 2011.'%
Frequently, abusers of PCP are dipping or
spraying marijuana cigarettes with liquid PCP
(“embalming fluid,” “rocket fuel”) often
referred to as smoking “wet,” “illy,” or
“fry ?1%9 187 Users of PCP-laced marijuana
exhibit violent and aggressive behaviors, se-
vere hallucinations, paranoia, and impaired
motor skills.'™®® Tn its pure form, PCP is a
white crystalline power (“angel dust”) and is
commonly snorted, with effects seen in 2 to 5
minutes. Symptoms of intoxication usually last
4 to 6 hours; however, toxicity with large
dosages can persist for 48 hours.'®” Detection
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time of PCP in the urine is approximately
8 days.

False-positive results for PCP on immuno-
assays have been reported to occur with agents
that are structurally similar to PCP such as tra-
madol, dextromethorphan, diphenhydramine,
and ketamine. Several case reports have shown
tramadol’s cross-reactivity to occur during tra-
madol toxicity, secondary to intentional over-
dose or misuse of the medication resulting in
high tramadol concentrations in the urine.”""°
Rengarajan and Mullins™ reported that false-
positive rates for PCP were 24% with dextro-
methorphan, 22% with tramadol, and 15%
with diphenhydramine in urines that failed
to be confirmed by GC-MS.”

Although a structural analog of PCP, there
is a paucity of information on ketamine’s
cross-reactivity with PCP in the literature.
Only 1 case report illustrates a false-positive
PCP result after a 9-year-old boy received
400 mg of intramuscular ketamine for seda-
tion before a magnetic resonance imaging
scan.'’ Confirmatory test results were nega-
tive for PCP by GC-MS for this case. However,
Weiner et al' " reported negative PCP results
on immunoassays in 3 patients with self-
reported recent ketamine use. Further study
is needed to assess ketamine’s cross-reactivity
with PCP due to increasing research and off-
label use of ketamine to treat chronic pain
and to rapidly reverse depression. Further-
more, new dosage formulations such as trans-
mucosal, intranasal, and oral administrations
of ketamine are currently in research and
development and may result in increased use
in the future.'”""”” Clinicians should inquire
about ketamine usage in the presence of posi-
tive PCP results.

Medications that are not structurally
similar to PCP that have been reported to
cause false-positive PCP results on UDTs
include venlafaxine and lamotrigine. Venlafax-
ine, a widely wused antidepressant, has
frequently produced false-positive results for
PCP in urine assays both in standard and in
overdose situations.”"”” Tt is hypothesized
that combined concentrations of venlafaxine
and its metabolite, O-desmethylvenlafaxine,
cause this cross-reactivity.

Lamotrigine, an anticonvulsant and mood
stabilizer, is commonly listed as an agent to
elicit a false-positive PCP result in UDT.

However, only 1 case series correlates lamotri-
gine with false-positive results in 2 patients us-
ing Bio-Rad TOX/See Urine Toxicology
screen.”” Tn this case series, clinical history
was used to rule out PCP use and no confir-
matory testing was conducted. Further
research is needed to clarify false-positive
lamotrigine results on PCP rapid UDT.

A new drug of abuse, methylendioxypro-
valerone (MDPV), a synthetic cathinone struc-
turally — similar to amphetamines and
commonly referred to as “bath salts,” has
been found to cross-react with PCP on
UDTs.”" Several case reports noted an
increased reactivity of PCP on urine immuno-
assays and negative confirmatory results in
patients reporting recent bath salt ingestion.
Macher and Penders'”* conducted a study in
which MDPV was added to control urine
and tested on the Synchron system. All urine
samples tested positive for PCP with MDPV
concentrations greater than 0.0031 mg/mlL.
Macher et al also examined mephedrone
(4-methyl metcathinone) and no positive
results for PCP were seen.'””

Other medications reported to cause false-
positive results for PCP are listed in Table 4.

Designer Drugs and Herbal Drugs of Abuse
Synthetic drugs, such as synthetic cathinones
and synthetic cannabinoids, have become
popular drugs of abuse especially among ado-
lescents and young adults. In addition, herbal
products, including Salvia divinorum, are pop-
ular. Once viewed as “legal highs,” these drugs
were readily available in head shops and gas
stations and on the Internet. These agents
became popular among people seeking a
high due to their ability to avoid detection
on UDT.

Drug testing for these agents can be chal-
lenging because of continual changes in syn-
thetic compounds and an increasing number
of newer substances. Testing for synthetic
cathinones and cannabinoids is discussed in
further detail. Salvia is briefly reviewed.

Synthetic Cathinones. Cathinones are natu-
rally found in Catha edulis plant leaves, also
known as khat. Khat is found in parts of Africa
and has been known to have stimulant effects
similar to those of cocaine, amphetamine,
or 3,4-methylenedioxy-N-methylamphetamine

Mayo Clin Proc. ® May 2017;92(5):774-796 m http://dx.doi.org/10.1016/j.mayocp.2016.12.007

www.mayoclinicproceedings.org


http://dx.doi.org/10.1016/j.mayocp.2016.12.007
http://www.mayoclinicproceedings.org

(“ecstasy”).'”” Cathinones have dopaminergic
activities to increase dopamine levels beyond
the effects produced by stimulant drugs.'”*'”
Three of the most common compounds in bath
salts are mephedrone, methylone, and MDPV
(3,4-methylenedioxypyrovalerone). They either
stimulate release of dopamine directly (meph-
edrone) or inhibit the reuptake of dopamine
(methylone, MDPV 19

Bath salts, sometimes known as plant
food, are synthetic cathinones that have gained
popularity over the last 5 years. They are
labeled “not for human consumption” to
mask their intended purpose and avoid FDA
regulatory oversight of the manufacturing pro-
cess.””” In 2011, the Drug Enforcement
Administration added bath salts to its list of
Schedule 1 substances in an attempt to curb
manufacturing and distribution.'”” Unfortu-
nately, new synthetic analogs used to manu-
facture bath salts are being constantly
identified and make enforcement of laws diffi-
cult. Common product names that contain
bath salts include Bliss, Cloud Nine, Vanilla
Sky, and Zoom. Bath salts can be consumed
by insufflation (snorting), ingestion, injection
(intramuscular, intravenous), inhalation, or
smoking, or taken sublingually or rectally.””’
Concentration of synthetic cathinones in the
blood can vary depending on the method of
administration.

An attractive marketing tool for these
products is the claim that these products
cannot be detected in routine drug screens.
The fatal concentration of the drug in the
blood has been reported to be approximately
400 ng/mL'” based on postmortem data;
however, the concentrations of the drug in
the blood among fatal cases have varied for
the 3 cathinone compounds ranging from 17
to 3300 ng/mL.""**" The parent cathinones
are excreted rapidly in urine and are easily
detected in biological materials. The elimina-
tion half-life in urine is approximately 12
hours and the excreted amount in urine can
be influenced by urinary pH.”""*

There have been attempts at detecting
synthetic cathinones in urine,”???%  but
the results have not been positive. Validation
studies for the Randox Drugs of Abuse
V biochip immunoassay, containing anti-
bodies for mephedrone/methcathinone and
3’4-methylenedioxypyrovalerone (MDPV)/
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3'4-methylenedioxy-alpha-pyrrolidinobutiophe-
none, have been conducted.””” The study
showed that concentrations for mephedrone
and MDPV were below acceptable criteria
and had high negative percent bias. Of note,
MDPV has been reported to cause false-
positive results for PCP.”" In the future, detec-
tion of specific cathinones will require higher
specificity methods such as high-resolution,
mass spectrometry.

Synthetic Cannabinoids. Synthetic cannabi-
noids are high potency, full cannabinoid re-
ceptor agonists at the CBy and CB, receptors
compared with THC, which is a weak partial
agonist at cannabinoid receptors.”’”*"® JWH-
018 is one of the most commonly abused
synthetic cannabinoids found in products.”””
Other popular synthetic cannabinoid com-
pounds include JWH-073, JWH-200, JWH-
250, and CP-47,497 although hundreds of
different synthetic cannabinoids exist.”'**"!

“Spice” or “K2” is a herbal blend of dried
plant materials sprayed with synthetic canna-
binoids. These products are typically sold as
incense labeled “not for human consumption”
to disguise their intended purpose and
circumvent FDA oversight”"’; however, they
are usually smoked by users to experience an
extreme “high” believed to be more potent
than marijuana.”'* Use of these products has
grown in popularity since 2009 and is often
perceived as safe and legal. In 2012, the Moni-
toring for the Future Study found that syn-
thetic cannabinoids were the second most
abused illegal substance behind marijuana
among adolescents.”'” Synthetic cannabinoid
use appeals to substance abusers for their
inability to be detected for cannabis on
UDTs.”""

In July 2012, the Synthetic Drug Abuse
Prevention Act was passed, making 5 struc-
tural classes of synthetic cannabinoid and their
analogs a schedule 1 substance.”'” Additional
synthetic cannabinoids were temporarily
scheduled in 2013 and 2014.”'° Unfortu-
nately, once a new synthetic cannabinoid
becomes a controlled substance, illicit drug
manufacturers promptly design new formula-
tions in attempts to evade drug enforcement
laws.

Several immunoassays and POCT have been
developed to detect synthetic cannabinoids.
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However, the continual development of new
synthetic cannabinoids makes it difficult to
keep up with current trends and test for spe-
cific synthetic cannabinoids in the urine.
Synthetic cannabinoids are extensively metab-
olized and little to no parent drug is found
in the urine.””” Most assays are designed to
detect JWH-018 and JWH-073 metabolites
although many synthetic cannabinoids share
the same structural pathway, allowing for
broader detection on UDT. Because most
synthetic cannabinoids have similar metabolic
pathways, it is difficult to identify the parent
compound ingested.

Another challenge with urine testing of
synthetic cannabinoids is standardization of a
cutoff value. Currently, there isno acceptable cut-
off value, but assays may range between 5 ng/mL
and 25 ng/mL. Barnes et al”'" studied cross-
reactivity and sensitivity of the National Medical
Service JWH-018 direct Elisa Kit designed to
detect major metabolites of JWH-018. Seventy-
three synthetic cannabinoids were analyzed for
cross-reactivity. Their study found significant
cross-reactivity of metabolites of other synthetic
cannabinoids, most specifically  JWH-200,
JWH-073 N-(3-hydroxybutyl), JWH-073 N-(4-
hydroxybutyl), JWH-019 N-(6-hydroxyhexyl),
and AM-2201 N-(hydroxypentyl). Using the
5 ng/L cutoff provided the best sensitivity and
increasing to 10 pg/L increased false-negative re-
sults by 12%. Their analysis also found limita-
tions in the ability to detect newer synthetic
cannabinoid compounds such as PB-22, RCS-4,
RCS-8, XRL-11, and AKBA48.

In addition, Barnes et al*'’ evaluated 93
common medications and metabolites (eg,
drugs of abuse, metabolites, prescription and
over-the-counter medication, and chemicals
with  structural similarities) for cross-
reactivity on the ELISA test. No samples,
including marijuana, cross-reacted with the
assay. However, the point-of-care test by
Express Diagnostic lab, designed to detect
JWH-018 and JWH-073 metabolites, reported
that lamotrigine will cause a false-positive for
their assay and will need confirmation.'"”

Because of limited studies, it is unclear
the length of time the synthetic cannabinoids
will be detected in the urine after using the
products. Laboratories that offer synthetic
cannabinoids testing estimate 48 to 72 after
last use.' "’

Salvia. The Salvia plant is a member of the
mint family with more than 900 species avail-
able.”'” Most species are commonly available
in nurseries and used for decorative land-
scaping. However, the species Salvia divinorum
is known to produce psychogenic effects when
smoked or ingested and is listed as a
controlled substance in approximately 20
states.”'” Salvinorin A is the main psychoac-
tive component of Salvia that produces
hallucinogenic effects. Testing for Salvia in the
urine is limited to GC-MS or LC-MS/MS.”*"
Because of expense and complexity, Salvia is
not routinely tested.

OTHER AGENTS TESTED IN UDT

Alcohol

Ethyl alcohol is rapidly absorbed, metabolized,
and eliminated after oral ingestion. Urine drug
screening of alcohol intake is infrequently
used in clinical practice. Blood tests or hand-
held breath devices are typically used in prac-
tice settings to assess alcohol intake. When
testing for ethanol use is indicated, the alcohol
metabolite ethyglucuronide (EtG) is preferred
because it can be detected in urine for 2 to 5
days after alcohol intake.””' Another metabo-
lite ethyl sulfate may also be useful in detect-
ing alcohol intake similarly to EtG although
it is not used as frequently in POCTs. Inci-
dental exposure to ethanol through hand san-
itizers or mouthwash can produce positive
UDT results. Using a ratio of EtG/ethyl sulfate
may be useful in detecting alcohol intake
versus incidental exposure.”*”

Tricyclic Antidepressants

Tricyclic antidepressants (TCA) can be used to
treat depression, anxiety, neuropathic pain,
and other related disorders. Despite their effi-
cacy in treating multiple disorders, TCA are
second-line treatments for most psychiatric dis-
orders. They exhibit low tolerability (dry mouth,
blurred vision, constipation, urinary retention)
and have a high risk for toxicity in overdose in-
gestions. TCA toxicity mainly induces coma,
cardiac conduction abnormalities, and seizures.
High serum concentrations due to intentional
or unintentional overdoses of TCA can be fatal.
TCAs are considered to be toxic at more than
450 ng/mL**’ and at 1000 ng/mL plasma
levels.””* One advantage of using TCA is the
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ability to monitor serum levels to assess medica-
tion adherence and detect presence during
overdose/toxic situations.

Because of its 3-ring structure, other struc-
tures that contain similar ring structures
frequently cause false-positive results on TCA
urine or serum immunoassays. It is important
to measure both parent and metabolite con-
centrations of tertiary TCA (eg, amitriptyline
and imipramine) when interpreting therapeu-
tic or toxic levels of these drugs. Metabolites
such as nortriptyline and desipramine are
themselves used for therapeutic purposes
and may be detected separately. Common cul-
prits include carbamazepine, cyclobenzaprine,
and quetiapine (Table 4). In the emergency
setting, rapid point-of-care urine immunoas-
says are preferable to quickly determine the
cause and initiate treatment. In a study that
compared the qualitative point-of-care urine
immunoassays with quantitative serum chro-
matographic analysis, 7 out of 20 positive
drug screen results corresponded to therapeu-
tic serum concentration, 7 were subtherapeu-
tic, and 6 were supratherapeutic or toxic.””’
This study showed the value of using quantita-
tive serum chromatographic results versus
qualitative point-of-care urine screens. It
should be noted that clomipramine was posi-
tive in only 50% of patients using the Syva
Rapid Test (Syva) and consistently negative
using the Biosite Triage (Biosite) TOX urine
assay. Most of the clomipramine dose in the
urine is due to the 8-hydroxylated and glucur-
onidated metabolites and can trigger a positive
immunoassay in the urine.””® Clinicians
should be aware that negative clomipramine
results on a urine assay may fail to fully inform
about clomipramine use.

CONCLUSION

Urine drug tests can be one of many valuable
tools for clinicians in assessing unexplained
toxic symptoms, monitoring adherence, treat-
ing patients with addiction, and prescribing
controlled substances. However, it is impor-
tant that clinicians have an appropriate
understanding of UDT to minimize misinter-
pretation. Incorrect interpretation can result
in legal consequences, unemployment, medi-
cations that are unwarranted, and possible
dismissal from one’s health care practice or
school. Clinicians need to understand that

MAYO CLINIC PROCEEDINGS

initial testing from immunoassays offers pre-
sumptive results that can be confounded
with  potential false-positive and false-
negative results. Moreover, providers need to
be aware of cutoff limits used in UDT and
decide whether lower cutoff levels are neces-
sary. If necessary for clinical decision making,
confirmatory testing with GC-MS and LC-MS/
MS should be ordered to identify specific sub-
stances. Results of UDTs should be discussed
with each patient and decision making sur-
rounding UDT values should include a multi-
disciplinary team as well as the patient.
Because of the complex nature of result inter-
pretation and test ordering, it is critical that a
close working relationship be established with
the laboratory. Clinicians should be encour-
aged to discuss these issues with laboratory
directors.

Abbreviations and  Acronyms: 6-MAM = 6-
monoacetylmorphine; CNS = central nervous system;
DMAA = dimethylamylamine; EtG = ethyglucuronide; ELISA
= enzyme-linked immunosorbent assay; FDA = Food and
Drug Administration; GC-MS = gas chromatography/mass
spectrometry; LC-MS/MS = liquid chromatography/tandem
mass spectrometry; MDPV = methylendioxyprovalerone;
NSAID = nonsteroidal anti-inflammatory drug; POCT =
point-of-care testing; PCP = phencyclidine; PPl = proton
pump inhibitor; TCA = tricyclic antidepressant; THC =
tetrahydrocannabinol; THCV = A’-tetrahydroccanbivarin;
UDT = urine drug test
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