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rine drug monitoring (UDM) is an

important tool to screen adherence

and identify possible misuse and
abuse in patients on opioid therapy.! Vari-
ous guidelines for opioid therapy empha-
size the importance of UDM as a standard
of care.”® Routine and random monitoring
is recommended for all patients on long-
term opioid therapy prior to initiation and
throughout duration of therapy.!? The rec-
ommended UDM frequency varies based
on individual risk assessment and clinical
judgment. Similar to any other diagnos-
tic or monitoring test, the goal for UDM
should be to guide therapy and improve
patient care (Box). Inappropriate interpreta-
tion of the results and failure to order defin-
itive testing when necessary may adversely
affect patient care.

URINE DRUG MONITORING

Sample Collection

Urine drug testing generally requires a min-
imum of 30 mL of urine (depending on the
kit type) collected in a private restroom. In
the authors’ experience, the sample collec-
tion most often is unobserved in clinical
practice. Most laboratories keep urine sam-
ples for a limited time, often 7 days. There-
for, if results are unexpected, health care
providers must notify the laboratory in a
timely manner to order definitive testing if
indicated.

Specimen Validity Testing

Attempts to dilute, adulterate, and substi-
tute urine may be detected by visual inspec-
tion and laboratory validity testing. Validity
testing of urine specimens includes tem-
perature, specific gravity, pH, urine creati-
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General Principles for Urine Drug
Monitoring

1. Discuss with patients prior to initiation of ther-
apy that UDM is routine monitoring conducted
for their safety and for public safety.

2. Obtain a comprehensive and full medication
history, including herbals and over-the-counter sup-
plements and medications due to potential cross-
reactivity and false positives.

3. Ask patients how they are taking their medi-
cations and time of their last dose. For example,
patients prescribed an opioid analgesic for “as
needed use” might be expected test negative
for the prescribed opioid.

4. Do not make decisions that alter treatment
plan without seeking definitive testing if indicated.

5. Discuss the test results with patients and ad-
dress aberrant drug behavior. Sending the patient
a letter in the mail with test results and discharg-
ing the patient from the clinic is not appropriate
and could increase risk for substance misuse.

nine, and presence of adulterants (Tables 1
and 2).”° Urine temperature within 4 min-
utes of voiding should range from 90°F to
100°F in a healthy individual, whereas tem-
peratures outside of this range may suggest
a substituted specimen has been provided.
Many specimen cups have a temperature
gauge on the side of the cup. A specimen
outside of the physiological range should
be recollected.

The combination of specific gravity and
urinary creatinine may help screen for dilu-
tion or substitution. Dilution may occur pre-
collection by consumption of excess amounts
of fluids or postcollection by adding fluid
to the specimen. Other causes of diluted
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urine should be considered, such as renal
tubular dysfunction or diuretic use. House-
hold adulterants include vinegar, detergent,
sodium chloride, hydrogen peroxide, eye/
nose drops, soda, or ammonia.'® There are
numerous commercially available adulter-
ants, including Klear, UrinAid, Urine Luck,
Stealth Synthetics, Whizzies, and Clear
Choice. The active ingredients of some in-
clude peroxide/peroxidase, sodium or potas-
sium nitrate, pyridinium chlorochromate,
or glutaraldehyde. There are laboratory tests
to detect the presence of these adulterants.
Whenever in doubt, it is advisable that health
care providers (HCPs) contact their labora-
tory to investigate tampering. Another ap-
proach if tampering is suspected is to collect
blood samples. Although this method is
more expensive and invasive, it eliminates
means of tampering. Hair follicle testing is an
option as well.

TYPES OF URINE DRUG MONITORING
There are 2 general types of UDM: Pre-
sumptive by immunoassay (IA) and confir-
matory testing by chromatography. Simply,
UDM by IA commonly referred to as urine
drug screening (UDS), serves as the differ-
ential assessments, whereas chromatogra-
phy is the definitive assessment. This article
reviews the clinical utility and limitations
of the 2 types of UDM, including false posi-
tives and false negatives, and when to order
more tests.

Immunoassay
The IA drug test uses antibodies to detect
the presence of selected drugs and/or their
metabolites based on a predetermined cutoff
threshold.® Immunoassay monitoring is the
initial qualitative test to identify the presence
of drug classes in the urine based on a detec-
tion threshold. Typically, UDM by IA is per-
formed as an initial evaluation of potential
appropriate use, misuse, nonuse, or abuse of
medications. It also can detect the presence
of illegal substances or unprescribed medi-
cations. Immunoassay is relatively quick, in-
expensive, and sensitive; however, because it
lacks specificity, it can result in various false
positives and false negatives.

Immunoassay tests also are subject to
varying windows of detection depending
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TABLE 1 Characteristics of Valid Urine Specimen’®

Characteristics Normal Range
Creatinine, mg/dL 20-400
Specific gravity 1.002-1.030
pH 4.5-8.0
Temperature, within 4 minutes of voiding, °F 90-100

TABLE 2 Dilution, Adulteration, Substitution of Urine
Specimen’®

Urine States Description

Diluted Urine creatinine > 2 mg/dL but < 20 mg/dL
Specific gravity > 1.001 but < 1.003

Substituted Urine creatinine < 2 mg /dL
Specific gravity < 1.001 or > 1.020

Adulterated pH<3or> 11
Nitrite concentration > 500 mcg/mL
Chromium concentration > 50 mcg/mL
Presence of:
Halogen (bleach, iodine, fluoride), glutaraldehyde, pyridine,
surfactant

on the substance ingested (Table 3). Most
automated IAs include the “Federal Five”
drugs or drug classes tested for in federal
employees, which include marijuana, co-
caine, opiates, amphetamines, and phen-
cyclidine (PCP).%° Additional tests may be
ordered separately or electronically built
into the ordering system for other drugs or
drug classes, such as benzodiazepines, bar-
biturates, lysergic acid diethylamide (LSD),
propoxyphene, buprenorphine, tramadol,
methadone, fentanyl, and oxycodone.*

The cutoff levels listed in Table 1 are con-
sistent with testing for employment but not
necessarily for aberrant behavior in patients
receiving long-term opioid therapy. These
cutoffs lower the risk of false positives and
provide better accuracy with clinical moni-
toring. For example, a level of 2,000 ng/mL
is listed for both test types in Table 4, but for
clinical testing, the TA cutoff is 3,000 ng/mL,
and gas chromatography/mass spectrome-
try (GC-MS) can detect even trace amounts
of opioid and their metabolites. Clinicians
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Urine Drug Monitoring

TABLE 3 Detection Window for Selected Drugs in Urine

Drug Time After Ingestion
Alcohol 7-12 h
Amphetamines 2-3d
Benzodiazepines
Short acting 2d
Intermediate acting 5d
Long acting 10-30d
Cannabinoids
Single use 3d
Moderate use (4x/wk) 5-7d
Daily use 10-14d
Chronic heavy use >30d
Cocaine metabolites
20 mg IV cocaine <1.5d
Chronic use 2-3 d (up to 7 d at high doses)
Opioids
Codeine 2d
Heroin (morphine) 2d
Hydrocodone 2-3d
Hydromorphone 2-3d
Methadone 3-5d
Oxycodone 2-4d
Phencyclidine 8d

TABLE 4 Federal Five Panel Cutoffs

Initial Immunoassay

Confirmatory

Analyte Test Level, ng/mL GC-MS Test Level, ng/mL
Opiates 2,000 2,000

Cannabinoid 50 15

Amphetamine 500 250

Cocaine 300 150

Phencyclidine 25 25

Abbreviation: GC-MS, gas chromatography-mass spectrometry.

must be familiar with the available tests at
their institution. Most commonly when mon-
itoring patients that are prescribed pain med-
ications, the IA panel includes the Federal
Five plus benzodiazepines, barbiturates, and
often methadone as well.

The opiate panel with IA tests for opium
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alkaloids and/or their metabolites, including
morphine and codeine.”® Heroin is a semi-
synthetic opioid that is metabolized to di-
acetyl morphine and ultimately is detected
as morphine.”® Other semisynthetic opioids,
such as hydrocodone and oxycodone, may or
may not be detected by the opiate IA depend-
ing on the dose and assay. Synthetic opioids,
such as fentanyl, methadone, or meperidine,
are not detected by the opiate IA and need to
be ordered separately. Table 5 shows opioid
classes and their ability to be detected by IA.
Clinicians should be familiar with their labo-
ratory assay and know which test needs to be
ordered.

Benzodiazepine IAs often are designed
to detect nordiazepam, oxazepam, and te-
mazepam, all of which are metabolites of di-
azepam. However, benzodiazepine IAs also
can detect other drugs that are structurally
similar to benzodiazepines.!'''* This means
that benzodiazepines are detected based on
their ability to cross-react with the IA test.
Lorazepam and clonazepam have low cross-
reactivity and are generally not detected on
benzodiazepine IA.!*!? Therefore, it is not
uncommon for patients on lorazepam or
clonazepam to test negative for benzodiaze-
pines on this IA. If these patients do test pos-
itive at low doses, it could be a concern that
they are taking a different benzodiazepine
instead of, or in addition to, the prescribed
medication.

Amphetamines and methamphetamine
are simple molecules that are difficult to de-
velop specific antibodies for; therefore, they
carry a high false-positive rate with IA test-
ing 8 It is important to note that methylphe-
nidate is not detected by the amphetamine
IA as it is not an amphetamine.® The IA for
cocaine tests specifically for benzoylecgo-
nine, a metabolite specific to cocaine and
has no cross-reactivity.®!>1*

False positives. Due to the lack of spec-
ificity of UDM by IA, false positives are
common; with the exception of cocaine.
Clinicians must obtain a comprehensive
medication history of the patient, including
over-the-counter medications, herbals, and
supplements. Table 6 lists common sources
of false positives with UDM by 1A.1%*

False negatives. A variety of factors can
cause false-negative results, including
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the cross-reactivity of the an-
tibody in the IA, the cut-

Urine Drug Monitoring

TABLE 5 Opioid Classes and Detection by Opiate Immunoassay?

off concentration that vields a Select Naturals Select Semisynthetics Select

.. Y . (extracted from opium) (derived from opium sources) Synthetics
positive result, and/or the time
between drug ingestion. As dls' Codeine Hydrocodone Methadone
cussed previously, the opiate
panel tests for.metabohtes.of Morphine Oxycodone Fentanyl
morphine, codeine, and heroin,
which consequently may lead Opium Hydromorphone Meperidine
to semisynthetic/synthetic opi- Oxymorphone Tapentadol
oids not being detected.®!! For Buprenorphine . Tramadol
example, a patient who was pre- Heroin (detected as morphine)
scribed hydrocodone/acetamin-
ophen 5 mg/325 mg 4 times a Detectability by Opiate Immunoassay
day, tests negative for opiates

Y 8 P Yes May or may not be detected Not detected at any

by IA. The negative result is not
unexpected because the dose of
semisynthetic opioid is too low
for detection by IA.

depending on the lab assay
and dose

Buprenorphine is not detected
on opiate screen

level by opiate
immunoassay and
require their own test

a This table contains commonly used opioids and is not meant to be cpmprehensive.

Chromatography

Chromatography generally is re-

served for confirmatory or definitive test-
ing when the initial UDM by IA results are
unexpected.' Unlike IA, chromatography
can detect the presence of specific drugs
and/or metabolites. Types of chromatogra-
phy testing include GC/MS, liquid chroma-
tography tandem mass spectrometry (LC/
MS/MS), and high-performance liquid chro-
matography.’ Depending on the specific
test, chromatography uses a gas or liquid
carrier medium to separate the urine sam-
ple’s compounds by their molecular inter-
actions with the carrier medium (mainly
by different polarities). During this separa-
tion process, all the individual compounds
are fed into a mass spectrometer, that ion-
izes the compounds and detects fragments
by using their mass-to-charge ratios. This
process allows for the identification of dis-
tinct compounds based on their molecular
fingerprints.

Gas chromatography/mass spectrometry
has remained the standard test for confirma-
tory testing.'® However, it is important to
note that LC/MS/MS has been gaining favor
over GC/MS. Using LC/MS/MS requires less
urine volume to conduct an analysis, and the
analysis has a second analytical separation
step, thus it is expected to have a lower sus-
ceptibility to false results caused by concomi-
tant use of other medications.'>°
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Regardless of the test medium, quantita-
tive confirmation through chromatography
offers several advantages over IA. It is more
accurate, as it can identify small quantities
of specific drugs and confirm their presence
in urine.® Also, although there are still cutoff
limits associated with chromatography, the
specific cutoffs are much lower in value than
those in IA tests. Finally, a study conducted
in 2010 by Pesce and colleagues found that
IA testing was associated with varying rates
of false-negative results compared with those
of LC-MS/MS.'" Specifically, false-negative
rates associated with IA were found to be
22%, 50%, and 23.4% for benzodiazepines,
cocaine, and propoxyphene, respectively.!”
Unfortunately, chromatography testing meth-
ods take longer to produce results and are
costly compared with those of 1A.Thus, chro-
matography testing methods typically are re-
served for when the IA produces unexpected
results. Conversely, IA can be done at point
of care with in-office readable cups or strips,
or sent out for a 24-hour to 48-hour turn-
around time.”®

Alcohol Testing

Health care providers also could screen
for alcohol misuse, which can compro-
mise safe opioid use. Alcohol can accelerate
the release of certain sustained-release for-
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Urine Drug Monitoring

TABLE 6 Substances Tested by Immunoassay and Agents
Contributing to False-Positive Results

Substances Tested
by Immunoassay

Positive Results (Brand Name)

Amphetamine and
methamphetamine

Amantadine
Bupropion
Chlorpromazine
Desipramine
Ephedrine
Labetalol
I-methamphetamine (Vick's inhaler)
Phentermine
Phenylephrine
Promethazine
Pseudoephedrine
Ranitidine
Selegiline
Trazodone

Benzodiazepines

Oxaprozin
Sertraline
Efavirenz

Methadone

Quetiapine
Verapamil

Marijuana
metabolites

Dronabinol (Marinol)
Efavirenz
Hemp-containing foods
NSAIDs

PPIs

Opiates

Dextromethorphan
Diphenhydramine
Poppy seeds
Quinine
Quinolones
Rifampin
Verapamil

Phencyclidine

Dextromethorphan
Diphenhydramine

Doxylamine

Ibuprofen

Imipramine

Meperidine

Thioridazine

Tramadol

Venlafaxine
O-desmethylvenlafaxine (Pristiq)

Abbreviations: NSAID, nonsteriodal anti-inflammatory drugs; PPls, protein pump

inhibitors.
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mulations, causing “dose dumping.”'® Fur-
thermore, alcohol also can increase the risk
of opioid-induced respiratory depression.
Many laboratories include ethanol that
is measured using an enzymatic reaction
and generally detected 12 hours after alco-
hol use.” Urinary ethanol is not an opti-
mal marker for assessing alcohol use. Ethyl
glucuronide (EtG) and ethyl sulfate (EtS)
are 2 minor metabolites of ethanol formed
by UDP-glucuronosyltransferase.!® These
markers can be detected for up to 80 hours
after alcohol consumption. Markers for pro-
longed and/or heavy drinking include but
are not limited to phosphatidylethanol,
v-glutamyltransferase, or carbohydrate-
deficient transferrin.

PHARMACOKINETICS/
PHARMACOGENETICS
Pharmacokinetics is what the body does
with the drug and is measured by absorp-
tion, distribution, metabolism, and elim-
ination.'® Pharmacokinetics ultimately
determines the fate of how much and how
fast a drug and/or metabolites end up in
the urine. It is important to understand
the pharmacokinetics to interpret the re-
sults of UDM by chromatography as the
reported results include parent drugs and
metabolites.

Some metabolites of medications avail-
able commercially could be mistaken as if
the patient were taking a medication that
was not prescribed. For example, hydro-
morphone is a metabolite of hydrocodone
and oxymorphone is a metabolite of oxyco-
done, both of which are commercially avail-
able as stand-alone prescriptions. Likewise,
oxazepam is commercially available as is te-
mazepam, and both are metabolites of di-
azepam. Also, it is important to consider
patient’s body habitus, which affects vol-
ume of distribution, meaning more drug
is stored in the periphery and may have a
longer detection window.?! Patients with
renal and/or hepatic impairment can have
reduced clearance of the medications.

It is equally important to consider the
role that pharmacogenetic polymorphism
can play in UDM, as polymorphisms may
impact results.® For example, consider
a patient on extended-release oxycodone
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30 mg twice daily. Oxycodone is metabo-
lized via cytochrome (CYP) P450 enzyme
3A4 into noroxycodone and, to a much
lesser extent, by CYP2D6 into oxymor-
phone. In this case, if tested by chromatog-
raphy, the patient’s urine level of oxycodone
should be higher than that of either me-
tabolite; specifically, the urine level of
noroxycodone should be higher than that
of oxymorphone. If there are only concen-
trations of oxycodone found in the urine
with no metabolites, the possible explana-
tions are either the patient dissolved oxy-
codone into the urine sample without
ingestion or the patient may have poor ac-
tivity of CYP2D6 and CYP3A4 isoenzymes;
the latter of which can be confirmed by
pharmacogenetic testing. Notwithstanding,
drug-drug interactions with CYP inhibitors
can produce the same outcome.

CONCLUSION

Urine drug monitoring is an important tool
for substance misuse or abuse and adher-
ence to the prescribed regimen. The most
commonly used test is UDM by IA due to
its low cost and quick results. However, it
comes with an array of false-positive and
false-negative results. Clinicians should
seek definitive results by confirmatory test-
ing prior to making changes that alter pa-
tient care, and all results should include
discussions with the patient.

Clinical pharmacy specialists are gen-
erally an excellent and often untapped
resource to provide guidance for interpre-
tation of both IA and chromatographic test-
ing. Clinical pharmacy specialists have an
excellent understanding of the physical and
medicinal chemistry properties of labora-
tory testing, a vast understanding of drug
metabolites and interactions that might
increase or decrease drug concentrations
might account for possible false positives
and false negatives, and they can help deci-
pher unexpected results.

Finally, it is important to consider that
UDM is done for patients and not to pa-
tients, with the ultimate goal of improving
the safety of the patient and the public. Un-
expected results should be discussed with
patients to identify the underlying reasons,
which may then warrant further interven-
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tion, such as definitive testing and ultimate
referral to a substance abuse treatment pro-
gram. Simply sending a discharge or med-
ication discontinuation letter to a patient
can create a confrontational situation rather
than an educational opportunity for both
patient and provider.
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