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REVIEW

Demystifying Analytical Approaches for Urine Drug
Testing to Evaluate Medication Adherence in Chronic
Pain Management

Gwendolyn A. McMillin, Matthew H. Slawson, Stephanie J. Marin, and Kamisha
L. Johnson-Davis

ABSTRACT

This comprehensive review of analytical methods used for urine drug testing for the support of pain manage-
ment describes the methods, their strengths and limitations, and types of analyses used in clinical laboratories
today. Specific applications to analysis of opioid levels are addressed. Qualitative versus quantitative testing,
immunoassays, chromatographic methods, and spectrometry are discussed. The importance of proper urine
sample collection and processing is addressed. Analytical explanations for unexpected results are described.
This article describes the scientific basis for urine drug testing providing information which will allow clinicians
to differentiate between valid and questionable claims for urine drug testing to monitor medication adherence
among chronic pain patients.

KEYWORDS urine, drug, testing, analytical, medication, chromatography, immunoassays, spectrometry,
adherence, pain management

INTRODUCTION

Urine drug testing is a well-accepted tool for detec-
tion of recent drug use. Urine is relatively easy to
collect, and there are many analytical methods and
laboratories available that perform urine drug tests.
However, standardization among urine drug tests that
are promoted for medication adherence evaluations,
such as in the chronic pain management setting, is
lacking. There is no such thing as a perfect drug test,
and with the wide range of tests available, it may be a
challenge to select the best testing approach and an-
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alytical methods for a given application. This review
article is intended to “demystify” current choices for
urine drug testing, with emphasis on analytical meth-
ods designed to support adherence testing for chronic
pain patients.

Much of the credit for wide-spread availability of
urine drug testing comes from the extensively reg-
ulated U.S. federal drug testing programs that were
initiated in 1986 to assure a drug-free workplace.
These programs, now managed by the Substance
Abuse and Mental Health Services Administration
(SAMHSA), define the specific drugs detected, the
analytical methods and performance characteristics
thereof, cutoff concentrations, qualification criteria
for laboratories that provide testing, and interpreta-
tion of results. Today urine drug testing is applied to
both forensic and clinical applications, and has de-
viated substantially from the model set forth by the
federal programs. Thus, the drugs of interest, per-
formance characteristics of testing, cutoff concentra-
tions, analytical methods, and interpretation of re-
sults for clinical urine drug testing are unique, as
compared to the SAMHSA model. In addition, no
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single analytical approach applied to clinical urine
drug testing, such as an immunoassay, or mass spec-
trometric test, can be generalized as more specific,
sensitive, or better than another, without considering
the details of assay design, including sample prepa-
ration and detection methods, as well as methods for
data review and acceptance of results.

Urine Drug Testing to Support Pain
Management

Pharmacotherapy is integral to the clinical manage-
ment of most chronic pain patients.1 When decid-
ing which medications to prescribe, providers must
be aware of both prescribed and nonprescribed sub-
stances (licit and illicit) that a patient may, or may not,
be using. This information helps guide drug and dose
selection to maximize efficacy and safety, and mini-
mize toxicity and risk of drug–drug interactions. Due
to the use of controlled substance (scheduled) drugs
such as opioids and benzodiazepines, both providers
and patients are often scrutinized for prescribing and
use patterns. Urine drug testing is a tool that benefits
both providers and patients by documenting medica-
tion adherence to support appropriate behavior. In-
deed, random urine drug testing has been shown to
reduce the likelihood of diversion and misuse, and
has been advocated in guidelines published by pro-
fessional organizations such as the American Society
for Interventional Pain Physicians (ASIPP).2,3 De-
spite this enthusiasm, there are no detailed guidelines
for specifically how urine drug testing should be per-
formed to support chronic pain management.

When using urine drug testing to evaluate medi-
cation adherence, results should be interpreted rela-
tive to clinical expectations and patient admissions.
Prescribed or self-reported drugs should be present,
and nonprescribed drugs should be absent. The con-
sequences of an unexpected drug testing result could
include compromise to the patient–provider relation-
ship through: accusations of inappropriate drug use,
increased costs for follow-up care and/or additional
drug testing, denial of medications, denial of insur-
ance or reimbursement, or even expulsion from a
pain management program. In addition, social con-
sequences such as restriction of parental rights or
employment privileges may occur. Unlike traditional
workplace drug testing wherein positivity rates are
typically less than 1%, the positivity rate of drug test-
ing for medication adherence monitoring should be
very high and it is common for multiple drugs to be
present. This difference in pre-test expectations is just
one reason that SAMHSA testing is not appropriate
for adherence testing of chronic pain management
patients.4

Definition of specific drug analytes important for
adherence testing is evolving, and consensus regard-
ing the specific content of a “comprehensive” or
“standard” drug testing panel that meets needs of
all pain management clinics does not currently exist.
The best approach to drug testing for any applica-
tion is to employ the test or tests that most closely
align with the needs and expectations. As illustrated
in Figure 1, drug detection depends on a coordinated
understanding of variables associated with the drug,
the patient, the specimen, and the analytical method.
Drug formulations vary in drug content, efficiency of
drug delivery, overall bioavailability, and elimination
kinetics. In addition, urine varies in concentration,
and may be more likely to be dilute in a sick than a
healthy population. The time of urine collection rel-
ative to the last drug dose, the pattern and dosing of
drug use, the unique pharmacokinetics of the drug
in an individual patient, the quality of the specimen
provided for testing, and the analytical test character-
istics all influence both the likelihood of drug detec-
tion and interpretation of results. A highly adherent
(compliant) patient with a well preserved and appro-
priately collected specimen could be faced with an
unexpected drug testing result. See Table 1 for a list
of possible explanations to consider when investigat-
ing an unexpected urine drug test result.

Despite known limitations of the federal drug
testing program for clinical drug testing, the most
common approach to testing adopts many of the
SAMHSA principles. The SAMHSA approach in-
cludes an “initial” test and a “confirmation” test. The
initial test is also called a drug “screen” which is de-
signed to detect a drug class, and is most commonly
performed using an immunoassay. When immunoas-
say results are positive, meaning that the signal gen-
erated by a test (patient’s) urine exceeds that which
corresponds to the cutoff concentration, the results
are confirmed with a second test. The confirmation
test is designed to determine if a specific drug analyte,
or list of analytes, is present, and at what concentra-
tion(s). Confirmation testing is typically performed
by gas chromatography mass spectrometry (GC-MS)
or liquid chromatography tandem mass spectrome-
try (LC-MS/MS). The drugs and drug metabolites
detected in a traditional SAMHSA testing environ-
ment, and the corresponding cutoff concentrations,
are shown in Table 2.

Following the traditional SAMHSA paradigm,
only urine samples that are positive in the initial test
are confirmed, and only the drug analytes detected in
the confirmation test are reported. Only results that
are positive by both methods are reported, and es-
sentially all false-positive results are eliminated. This
level of concordance in results is extremely important
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G. A. McMillin et al. 3

FIGURE 1. Factors that influence detection of drugs in urine.

for establishing credibility and confidence when urine
drug testing results are applied to a forensic scenario,
such as determining the involvement of a drug in a
crime, or when qualifying a person to work in a safety-
sensitive position. This two-step process is not typi-
cally required for clinical applications of drug testing.

Application of the SAMHSA model to medication
adherence monitoring may contribute harm to the
provider and patient, specifically by generating un-
expected negative results. A commonly cited paper
representing nearly one million urine samples col-
lected from chronic pain management patients, that
were tested using the traditional two-step model, re-
ported that 38% of the samples did not contain de-
tectable concentrations of the expected prescribed
drug. The authors suggest that 75% of patients were
unlikely to be compliant with the therapeutic plan.5

Other studies suggest that the incidence of inappro-
priate urine drug tests ranges from 9% to 50%.6 One
could argue that the patients with unexpected re-
sults are noncompliant, yet one could also argue that
the tests employed were inappropriate for the appli-
cation. Indeed, the ASIPP evidence assessment for
urine drug testing was “fair” regarding the use of tra-
ditional urine drug testing to identify patients who are
noncompliant.3

Apparent false negatives are particularly common
for semi-synthetic or synthetic opioids and benzo-
diazepines. A study that considered approximately
8000 urine samples collected from chronic pain
management patients failed to identify 69.3% of
hydromorphone-positive urine samples and 53.5%
of alprazolam-positive urine samples when the tra-
ditional approach was applied.7 Yet another study
demonstrated that 66.1% of clonazepam-positive
urine samples were missed when utilizing the tradi-
tional two-step (screen with reflex to confirmation)
approach. It is now recognized that such unexpected
immunoassay results are not false, but rather, repre-
sent incongruence between the test and the pre-test
expectations, and should stimulate an investigation
of contributing factors such as those illustrated in
Table 1. Due to the high incidence of false negatives
associated with immunoassays designed to detect
benzodiazepines and opioids, one laboratory group
described how they optimized medication adherence
monitoring for those drug classes by eliminating the
screen component in favor of a targeted testing using
LC-MS/MS.8

The cutoff concentrations used for interpretation
of urine drug testing results are another potential
source of apparent false-negative results. While cutoff

C© 2013 Informa Healthcare USA, Inc.
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TABLE 1. Examples of Explanations for Unexpected Urine Drug Testing Results

Source Unexpected positive Unexpected negative

Patient Prescription from another provider was
taken/administered

Prescription not filled
Drug was taken/administered incorrectly
Drug was not taken/administered
Drug was not absorbed
Rapid drug metabolism/elimination
Other unique pharmacokinetic variable

Unexpected non-prescribed drug was
taken/administered

Drug detected is an unfamiliar metabolite of the
expected drug

Non-disclosed use of historical prescription

Specimen Substituted urine Substituted urine
Drug added to urine after voiding Dilute urine
Clinic or laboratory mix-up Adulterated urine

Urine collected too long after last dose
Inappropriate storage/handling of urine before testing
Clinic or laboratory mix-up

Drug Product Drug detected is a process impurity of the expected
drug

Drug delivery was poor or variable

Drug has longer liberation and elimination kinetics
than expected

Drug has shorter liberation and elimination kinetics
than expected

Incorrect prescription/formulation was filled Incorrect prescription/formulation was filled

Immunoassay Cross-reacting non-drug substance(s) Poor cross-reactivity for drug analytes of interest
Cross-reacting drug or drug metabolites Cutoff concentration higher than expected
Cutoff concentration lower than expected Signal suppression (e.g. adulteration)
Test not performing appropriately Test not performing appropriately

Targeted assay Analytical error (e.g. carryover, noise) Test not designed to detect analyte(s) of interest
Unrecognized isobaric interference Sample not tested
Unrecognized stereoisomer Inadequate sensitivity to drug metabolites
Reporting limit lower than expected Poor recovery from sample prepration
Test not performing appropriately Signal suppression (e.g. ion suppression)

Reporting limit higher than expected
Unresolved interference
Test not performing appropriately

TABLE 2. Analytes and Cutoff Concentrations for Traditional SAMHSA Urine Drug Testing (1)

Intial test Confirmation test

Drug class Cutoff (ng/mL) Specific analyte Cutoff (ng/mL)

Opiates 2000 Codeine 2000
Morphine 2000

6-Acetylmorphine 10 6-Acetylmorphine 10

Amphetamines 500 Amphetamine 250
Methamphetamine 250

MDMA 500 MDMA 250
MDA 250
MDEA 250

Cocaine metabolites 150 Benzoylecgonine 100
Marijuana metabolites 50 THCA 15
Phencyclidine 25 Phencyclidine 25

MDMA Methylenedioxymethamphetamine, ecstasy
MDA Methylenedioxymamphetamine
MDEA Methylenedioxyethylamphetamine
THCA Delta-9-tetrahydrocannabinol-9-carboxylic acid.
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G. A. McMillin et al. 5

TABLE 3. Proposed Cutoff Concentrations for Selected
Drugs of Interest to Pain Management Estimated to Identify
Prescription Drugs in 97.5% of Pain Patients (10)

Drug class Analyte
Cutoff

(ng/mL)
Cutoff (μg/g
creatinine)

Opioids Codeine 29 15
Morphine 59 52
Oxycodone 45 46
Oxymorphone 44 38
Hydrocodone 41 31
Hydromorphone 34 26
Fentanyl 2 2
Buprenorphine 7 5
Methadone 89 74
Tramadol 147 70
Tapentadol 42 58
Meperidine 88 28
Propoxyphene 60 42

Anxiolytics Clonazepam metabolite 19 15
Alprazolam metabolite 15 11
Lorazepam 30 25
Carisoprodol 56 35
Meprobamate 92 113

Stimulants Amphetamine 76 59

concentrations are standardized in the federal drug
testing program (see Table 2), the ideal cutoff con-
centrations applicable to pain management patients
are not currently defined. Examples of proposed cut-
offs for selected prescription drugs of interest to pain
management are shown in Table 3. For the drugs
that overlap with SAMHSA, the proposed cutoffs for
medication adherence monitoring are notably lower
than those utilized by SAMHSA.9 While this pro-
posed list is useful, it is important to recognize that
the cutoffs cannot be universally compared, without
also comparing the sample preparation and detection
methods. For example, clean-up of a sample before
analysis to minimize matrix effects, or a high resolu-
tion instrument may be required to achieve low cut-
offs. This is one reason for the substantial differences
in cutoffs that exists among clinical laboratories. An-

other reason for differences in cutoffs between labo-
ratories is whether or not the laboratory incorporates
hydrolysis in the sample preparation methods. Liber-
ating glucuronide conjugates by preanalytical hydrol-
ysis will produce higher concentrations of many drug
analytes than would be observed with a method that
does not include hydrolysis. The later would be re-
ferred to by the laboratory as detecting “free” versus
“total” drug.

Most drugs are extensively metabolized, and the
detection of drug metabolites demonstrates that the
drug has been taken/administered, and processed by
the body. Some urine drug-testing methods now de-
tect glucuronide metabolites specifically, an approach
that has been shown to increase detection limits for
some drugs.10 Incorporating several drug metabolites
may also improve the likelihood of drug detection,
increase confidence in results, and may guide inter-
pretation of results. Normetabolites, for example, are
common to the opioids and may be the only ana-
lyte detected for a drug. Table 4 summarizes data
from two studies in which the patterns of opioid an-
alytes were evaluated for thousands of chronic pain
patients. The percent of urine samples for which
only the parent drug was detected versus the percent
of urine samples for which only the normetabolite
of the parent drug was detected are shown. Thus,
the positivity rates for drugs such as hydrocodone,
oxycodone, meperidine, propoxyphene, and fentanyl
are significantly improved when the normetabolite is
detected.11,12 Based on the known enzymatic reac-
tions responsible for generating the normetabolites,
the ratio of parent and normetabolite may provide in-
formation akin to a metabolic phenotype for a patient,
and once established, may help identify drug–drug
interactions, and/or approximate time of last dose.
Measuring drug metabolite patterns as well as parent
drug can also identify urine samples to which drug
have been added after voiding to mimic adherence.13

Urine drug testing for pain management need not
be defined by a two-step process. Some immunoas-
says perform very well, and as such, results that are

TABLE 4. Detection Patterns for Selected Opioids Based on Parent Drug and/or Normetabolite (12,13)

Drug
Percent identified by
normetabolite alone

Percent identified by
parent alone

Percent identified with both
parent and normetabolite

Oxycodone 71 17 12
Propoxyphene 53 4 43
Meperidine 50 5 46
Fentanyl 30 39 31
Hydrocodone 14 18 68
Buprenorphine 9 4 87
Methadone 8 19 73
Codeine 3 82 15

C© 2013 Informa Healthcare USA, Inc.
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FIGURE 2. Algorithm for selection of urine drug testing for medication adherence monitoring.

consistent with clinical expectations need not be con-
firmed or quantitated. Often the choice to perform
an immunoassay depends on the timeliness for which
a result is needed. For immunoassays that perform
well, a useful qualitative result can be obtained within
an hour of urine collection. For drugs that are not well
served by immunoassays, targeted analytical meth-
ods traditionally applied to confirmation testing may
be used independent of any screening test to specif-
ically detect the drugs and drug metabolites of in-
terest. Quantitative tests are available for those sce-
narios wherein the concentration of the various drug
analytes detected guides interpretation. However, de-
termining the concentrations of the drugs and drug
metabolites is not usually necessary if results are con-
sistent with clinical expectations. Eliminating multi-
step processes (e.g. screen and confirm) and mini-
mizing the need for quantitative analysis will reduce
the expenses associated with testing, and simplify the
medical record. This may include some immunoas-
says, and some targeted testing, but not in a “reflex-
ive” configuration.8 An algorithm for medication ad-
herence monitoring is summarized in Figure 2.

The discussion below describes in more detail how
immunoassays and targeted analytical methods can
be applied to the pain management setting to achieve
the goals of testing, while minimizing apparent false
negative and positive results. Figure 3 provides a
summary of these two analytical approaches to test-

ing, and some of the characteristics that make each
unique.

Immunoassays

Immunoassay-based urine drug tests can be qualita-
tive or quantitative, and are designed to be performed
at the point of collection (POC) or using laboratory
reagents and equipment.14–17 All immunoassays in-
corporate either monoclonal or polyclonal antibod-
ies that “capture” drugs and drug metabolites via a
unique binding affinity for an epitope. The capture
antibody thereby defines the specificity for a test. A
monoclonal antibody is designed to optimize speci-
ficity, by recognizing a defined epitope, whereas poly-
clonal antibodies will bind to many epitopes. In either
case, a result produced using an immunoassay re-
flects the sum of the antibody binding that is detected,
relative to all reactive substances present in the sam-
ple, including drugs, drug metabolites, endogenous
matrix components, and other nondrug substances.
Poor specificity may be a good characteristic when the
goal of testing is to detect several drug analytes within
a drug class, but each compound within a drug class
will be detected at different concentrations, reflecting
the unique affinity of the capture antibody for the in-
dividual compound. More often than not, poor speci-
ficity is reflected by the incidence of false-positive and
false-negative results. The specificity of an individual
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G. A. McMillin et al. 7

FIGURE 3. Comparison of immunoassay and targeted testing methods, and variables that could
influence quality of urine drug testing results.

test is evaluated and published by the manufacturer of
each immunoassay, and may be further characterized
by independent investigators, as evidenced by post-
market research and publications.

Every immunoassay has a calibrator. The calibra-
tor is selected by the manufacturer and is usually
representative of the drug class for which the test is
designed. For example, morphine is a common cal-
ibrator for immunoassays designed to detect opiates.
The actual affinity of the calibrator for the capture
antibody is normalized to other drug analytes that
exhibit affinity for the capture antibody, such that
the calibrator will exhibit 100% cross-reactivity for
the capture antibody, and will be detected reliably at
the cutoff concentration. Drug analytes that exhibit
greater than 100% cross-reactivity for the capture
antibody produce a “positive” result at concentra-
tions less than the cutoff for the test. Likewise, drug
analytes that exhibit less than 100% cross-reactivity
for the capture antibody produce a “negative” result
at concentrations that may far exceed the cutoff
concentration for the test. A cross-reactivity profile,
reflecting the affinity of the capture antibody for var-
ious drug analytes within a drug class, or a table that
provides the concentration of drug analytes required
to trigger a positive result, is provided in the labeling
(package insert) for any commercial immunoassay.

An example of this type of data is summarized in
Table 5, illustrating that the cross-reactivity profiles
vary tremendously among members of the benzo-
diazepine drug class, and among the commercial
benzodiazepine assays shown, despite equivalent
cutoff concentrations. Thus, the concentration of
clonazepam required to trigger a positive benzodi-
azepine test at the 300 ng/mL cutoff is 500 ng/mL for
the EMIT and Drug Check test, 650 ng/mL for the
Triage test, and 5000 ng/mL for the NexScreen test.
The common urinary metabolite of clonazepam,
7-amino-clonazepam, is only detected at extremely
high concentrations that are not likely to be en-
countered clinically, or was not characterized by the
manufacturer at all. For alprazolam, the laboratory
test reagents are sensitive at concentrations much
lower than the cutoff, whereas the POC cups require
concentrations higher than the cutoff to trigger a
positive result. As such, the same urine sample could
test positive with one test and negative with another
test, despite the same cutoff concentration. These
differences in assay performance reflect the different
capture antibodies and calibrators.

Another concern that should be considered, exem-
plified by the data in Table 5 for alprazolam, relates
to potential alignment of these immunoassays with
a “confirmation” test. If these immunoassays were

C© 2013 Informa Healthcare USA, Inc.
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TABLE 5. Concentration (ng/mL) Required to Produce a Positive Result in Four Commercial Immunoassays with a Cutoff of
300 ng/mL∗

Laboratory reagents POC cups

Drug compound EMIT Triage Nex Screen Drug check

Calibrator lormetazepam oxazepam glucuronide oxazepam oxazepam

Alprazolam 79 ng/mL 100 ng/mL 400 ng/mL 400 ng/mL
Alpha-OH-alprazolam 150 100 N/A N/A
Clonazepam 500 650 5,000 500
7-amino-clonazepam 11,000 N/A N/A N/A
Chlordiazepoxide 7,800 13,000 8,000 300
Nordiazepam 140 700 500 150
Diazepam 120 200 2,000 450
Oxazepam 350 3,500 300 300
Temazepam 210 200 200 200
Lorazepam 890 200 4,000 500

∗Values obtained from respective kit package inserts, accessed September 15, 2013.
N/A indicates that the concentration was not available.

used initially to detect positive urine samples, and
then the positive results were confirmed by another
test, the required cutoff concentrations for the various
benzodiazepines would need to align with the cross-
reactivity profile for the specific immunoassay rather
than with the cutoff concentrations. As such, a con-
firmation method for an EMIT test would need to be
sensitive to concentrations lower than 79 ng/mL to
confirm a low positive result, but could be sensitive
at 400 ng/mL for the POC cups shown here.

Sensitivity of an immunoassay is based on the cut-
off concentration for the calibrator, and whether the
assay is of homogeneous or heterogeneous design.
Heterogeneous assays incorporate several wash steps
to minimize nonspecific binding and maximize sen-
sitivity, and may include competitive or noncompeti-
tive reactions with the antibodies employed. This de-
sign format may require sample preparation steps, is
laborious, time-consuming, and relatively expensive.
For drug testing, heterogeneous assays are used most
often for specimen types that require greater sensi-
tivity than urine, such as blood, hair, and oral fluid.
Homogeneous assays do not incorporate wash steps,
and usually do not require sample preparation. This
design format is relatively simple, fast, and less ex-
pensive than a heterogeneous design format. Because
there are not wash steps, a homogeneous assay re-
quires that a unique signal be generated when an an-
alyte is bound to the capture antibody, versus not
bound. Most homogenous urine drug tests are based
on a competitive reaction between a known amount
of labeled drug analyte that is included in the test, and
any drug analyte that may be present in a urine sam-
ple. The cutoff concentration reflects the amount of
labeled drug, and some immunoassay manufacturers
offer more than one cutoff concentration for a test.

Opiate test reagents, for example, may be available
with SAMHSA cutoff concentrations, and with lower
cutoff concentrations, targeted for clinical use. In any
case, when a drug analyte concentration produces sig-
nal that falls below the signal required to exceed the
cutoff, the test result would be considered negative,
even though the drug is present.18

Point of collection (POC) formats for urine drug
testing include independent test strips (dip sticks) or
test strips incorporated into a cartridge, card, or urine
collection cup and may not require skilled personnel
to perform (e.g. CLIA-waived, FDA-cleared test de-
vices). All POC tests and most laboratory urine drug
tests are of homogeneous formats. For a typical POC
test, the urine comes into contact with an absorbent
material on the test strip and is pulled across the strip.
The test strip contains immobilized antibodies that
are specific for a drug class, parent drug, or metabo-
lite. If the urine sample does not contain the drug or
metabolite that is tested by the test strip, the test strip
may display a colored line for each drug that is not
detected. If the urine sample contains (a) drug(s), the
test strip for the specific drug does not display a color
and the test result is a presumptive positive. POC tests
should contain a “control” to prove that the device is
working correctly. If the control line does not appear
on the respective test strip, the test is invalid. The ad-
vantages of using POC tests is convenience, ease of
use, low per-test costs, and rapid time to result. Re-
sults are usually available within 5 to 10 minutes.

A limitation of POC tests is that results must be
interpreted and recorded manually at a defined pe-
riod after the test is initiated. Results may be invalid
as little as 10 minutes after adding urine to the device,
making it a challenge to archive results and impossi-
ble to identify transcription errors.19,20 Performance
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G. A. McMillin et al. 9

of POC tests has been shown to exhibit wide vari-
ation between manufacturers and between manufac-
tured lots/batches. Training to handle, utilize, and in-
terpret results generated by these devices should be
conducted, and proficiency of skills verified annually,
even in a non-CLIA (Clinical Laboratory Improve-
ment Amendments) environment. The labeling for
any CLIA-waived device should also be consulted to
assure compliance with the CLIA-waived status. For
example, a device label may indicate that any positive
result can be confirmed per the federal drug testing
model. Violation of the manufacturer’s instructions
may invalidate the CLIA-waived status of the de-
vice. Some performance characteristics may be sam-
ple specific, and may not be recognized without ad-
ditional testing. For example, urine samples can be
adulterated with chemicals to degrade the drug in
urine or to reduce antibody binding in immunoas-
says, leading to false-negative results.21 Some devices
evaluate urine quality by including test strips for tem-
perature and common adulterants. A discussion of
adulterants is beyond the scope of this review.

Immunoassays performed in a clinical laboratory
setting are typically based on liquid reagents that are
handled using common automated chemistry analyz-
ers, and are performed/supervised by skilled, licensed
laboratory personnel. As with POC tests, each testing
product/system will vary in cross-reactivity profiles
for drugs of interest. Detection chemistries may in-
clude colorimetry, fluorescence, fluorescence polar-
ization, turbidimetric, chemiluminescence, nephelo-
metric, agglutination, or enzyme activity. Automated
immunoassay testing is more expensive than POC
tests, and is classified as “nonwaived” by CLIA, due
to its moderate or high complexity regulatory status,
but is reimbursed at higher rates than POC testing.22

Laboratories routinely verify performance of testing
and personnel with previously characterized quality
control materials, and peer-reviewed proficiency test-
ing. In addition, the automation component of testing
is typically computerized and associated software can
facilitate analysis, archiving of results, and may inter-
face results directly into the medical record.

Separation of Urine Components
for Targeted Methods

Urine as a sample
Human urine is composed largely of water (∼95%)
with the remainder including a variety of organic
molecules such as urea, uric acid, creatinine, carbohy-
drates, and trace amounts of protein. Inorganic ions
such as chloride, sodium, potassium, and magnesium
are also common components of urine, as are drugs
and drug metabolites. Individual health status and/or

disease state, as well as hydration of the urine donor at
the time of specimen collection can affect the actual
composition and concentration of urine between in-
dividuals and even within a given individual through-
out the day. The urine pH can vary considerably
depending upon diet and disease state; urine pH
can affect extent and efficiency of drug elimination.
Therefore, urine is a highly variable and somewhat
unpredictable specimen for drug detection.

Strategies have been employed to “normalize”
urine, to account for the known variation in hydra-
tion status, using creatinine or specific gravity. Cre-
atinine excretion in healthy individuals is considered
constant regardless of other kidney processes and hy-
dration state.23 Creatinine concentration is used by
SAMHSA to evaluate whether or not a donor has at-
tempted to subvert the test by excessively diluting the
specimen, such as by deliberate overhydration, or by
physically manipulating the donated specimen. Spe-
cific gravity is also recognized by SAMHSA to deter-
mine if a urine specimen is excessively dilute, and to
qualify an individual specimen as valid.21 These con-
siderations are also important when qualifying speci-
mens and interpreting results of drug testing for pain
management patients because the composition of the
urine can alter the concentration of a drug present for
testing.

Normalization of urine drug concentrations to cre-
atinine or specific gravity has been applied to ad-
herence testing in the chronic pain management
population. When comparing results to a cutoff con-
centration, the result may change from negative to
positive or from positive to negative, as a consequence
of normalization. For example, the percent of samples
positive for the common alprazolam metabolite in-
creased (27%) when results were normalized to spe-
cific gravity, and increased (15%) when results were
normalized to creatinine; the detection of codeine was
increased (6.7%) when normalized to specific grav-
ity, but was decreased (−5.2%) when normalized to
creatinine.24 Proposed cutoff concentrations adjusted
for creatinine are included in Table 3.9 Creatinine and
specific gravity normalization are particularly useful
to help interpret serial results for drugs with a long
half-life, such as marijuana.25–27

Preparation of Urine for Targeted Analysis
All targeted analytical methods for urine drug testing
incorporate preanalytical sample preparation steps
and/or reactions.28 The goal of sample preparation
is to minimize potential interferences in the sample
matrix that will hinder detection of drug analytes, or
potentially damage the analytical equipment. Sample
preparation is sometimes used to improve detection
of drug analytes, such as through derivatization or

C© 2013 Informa Healthcare USA, Inc.
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hydrolysis reactions. A sample may also be concen-
trated to promote detection of trace amounts of drug
analytes. For quantitative analysis, the sample prepa-
ration process includes addition of internal standards
that facilitate calculation of the unknown drug con-
centration(s), and may reflect quality of the data.
Some of the common sample preparation techniques
are described below.

Dilution
Sometimes drugs are excreted into urine in sufficient
amounts that dilution is a useful approach, so as not
to saturate the chromatographic column, detector or
other components of the analytical instrument. The
other outcome is that potential interferences (natu-
ral urine components) are diluted to the point of not
interfering with the analysis. This is a fast and sim-
ple process whereby a fixed volume of urine is com-
bined with a fixed volume of diluent (e.g. water, di-
lute buffer, or other compatible solvent). Often, the
urine is centrifuged prior to dilution, to separate any
particulates or precipitate suspended in the collected
specimen. In that case, the clarified urine is collected
for dilution and the sediment is avoided or discarded.
This approach is often called “dilute and shoot” in
laboratory jargon.

The advantage of sample dilution is that it is fast,
simple, and subsequently is the least costly sample
preparation method with respect to both labor and
supplies. The potential disadvantage is that dilution
does not improve or otherwise clean up the sample,
and the optimum dilution for any individual sample
is not known. A highly dilute (over-hydrated) urine
specimen further diluted by the laboratory can result
in a false-negative test because the additional dilution
has rendered the measured drug concentration unde-
tectable. Conversely, a urine sample with large rela-
tive concentrations of physiological wastes or disease
biomarkers (e.g. urea, uric acid, protein) can con-
tribute to analytical interferences that may not be suf-
ficiently reduced by dilution alone.

Precipitation
Proteins are “sticky” molecules that can clog or dam-
age delicate instrumentation. Proteins can effectively
bind and thereby “trap” some drug analytes, prevent-
ing or reducing detection by an analytical method.
While routinely applied to samples containing a lot
of protein (e.g. serum and/or plasma), precipitation
may be applied to a urine specimen as a precaution,
to remove protein that may be present. The proce-
dure may be considered an extension of dilution, be-
cause the solution(s) used for precipitation will, by
default, dilute the sample. Typically precipitation is
accomplished by combining a fixed volume of organic

solvent or acid with a fixed volume of urine; insolu-
ble components such as proteins precipitate forcefully
out of solution. The sample is then clarified by cen-
trifugation and the supernatant is collected and used
for analysis or additional preanalytical sample prepa-
ration.

Liquid–Liquid and Supported Liquid Extraction
Another common sample preparation technique is
liquid–liquid extraction (LLE), a modification of
which is supported liquid extraction (SLE). The fun-
damental principle of this technique is solvent parti-
tioning of urine components. An aqueous (and there-
fore polar) urine specimen is mixed with a nonpo-
lar organic solvent (e.g. hexane). Polar drugs and
metabolites in the urine are chemically manipulated
to make them more nonpolar by altering the pH of
the urine specimen. Through the process of mixing,
nonpolar urine components (drugs/metabolites of in-
terest and other urine components) are transferred
into the organic phase. The phases are physically sep-
arated by centrifugation; the organic phase is col-
lected and evaporated. One concern with evapora-
tion, which often involves heat, is that some analytes
may degrade and volatile analytes may be lost. A lab-
oratory needs to carefully validate the recovery effi-
ciency of the extraction method. After evaporation,
the residue is reconstituted in an appropriate solvent
for instrument analysis. Depending on the reconsti-
tution volume, the analytes may become more con-
centrated than in the original urine sample, which
may facilitate detection. For SLE, a high purity, in-
ert diatomaceous earth sorbent helps to facilitate the
extraction process, and improves the potential for au-
tomating the extraction. Automation of LLE methods
has historically been difficult, but the introduction of
SLE has greatly reduced that challenge. Depending
on the scenario, SLE may provide cleaner extracts
than traditional LLE as well, and is therefore growing
in popularity.

Advantages of liquid extraction include relatively
simple sample preparation using easily obtained lab-
oratory solvents. Liquid extraction methods can be
relatively nonselective which can be an advantage in
that it is useful when a large number of analytes need
to be detected. This can also be a disadvantage in that
undesirable urine components can also be extracted
adding potential interferences to the analysis. Drugs
and metabolites typically need to possess an ionizable
functional group (e.g. amino or carboxylate group) to
successfully obtain a clean extract. Liquid extractions
can be time consuming and costly due to the many
steps required to isolate the sample extract, and
opportunities for error when performed manually.
Organic solvents also pose hazards to laboratory
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G. A. McMillin et al. 11

personnel and the environment, and must be han-
dled with engineering controls for safe storage and
handling, in addition to appropriate waste disposal
protocols.

Solid Phase Extraction
Solid phase extraction (SPE) is another commonly
used sample preparation technique. SPE shares the
basic principles of liquid chromatography (see be-
low) wherein the desired drug analytes are held
or “retained” with a solid support material (silica-
or polymer-based particles, packed in a column)
via ionic and/or hydrophobic chemical interactions
while the undesirable matrix interferences are washed
through the support material with various solutions,
to a waste receptacle. The support material is typi-
cally washed with an appropriate buffer to remove any
incidentally retained matrix interferences. Retained
analyte molecules are removed from the support ma-
terial by washing through a nonpolar solvent at an ap-
propriate pH to disrupt the hydrophobic and/or ionic
interactions that was originally established to retain
the analytes. This collected eluent is then evaporated
(concentrated) and the residue is reconstituted for
analysis as with LLE above.

Advantages of SPE are that it can be highly selec-
tive for the chemical properties of the drug analyte
of interest and can therefore produce clean extracts,
virtually free of matrix interferences. From that per-
spective, SPE is the preferred sample preparation for
most traditional confirmation assays. However, some
drug analytes are more efficiently extracted by LLE.29

SPE is amenable to automation and can therefore
be accomplished reasonably quickly and consistently
by the laboratory. Disadvantages, as compared to the
other sample preparation methods discussed thus far
include the increased costs of the SPE materials (i.e.
columns), particularly when special chemistries are
required to retain and/or elute specific drugs and
metabolites.

Hydrolysis
As mentioned previously, hydrolysis is a common
preanalytical reaction that is performed to liberate
glucuronide conjugates for drugs that are eliminated
in a glucuronidated form, including many opioids
and benzodiazepines. For example, the mophine-3-
glucuronide conjugate is converted to morphine by
hydrolysis, to increase the amount of morphine in the
urine, and thereby increase the likelihood of detection
in a targeted assay that detects morphine, but not the
glucuronide. Hydrolysis will not benefit detection of
drugs such as hydrocodone, because it is not elimi-
nated as a glucuronide conjugate.

Hydrolysis can be performed enzymatically or
chemically. Variables in the efficiency of hydroly-
sis reactions include temperature, time, and concen-
trations of both the glucuronides and the enzyme
and/or chemical reagents added to perform the hy-
drolysis. The major disadvantages of hydrolysis in-
clude variable efficiency of the reaction and the pos-
sibility of destroying the analyte of interest. Thus,
the percent recovery of morphine-3 and morphine-6-
glucuronides as well as hydromorphone glucuronide,
was 95% to100% when hydrolyzed with hydrochlo-
ric acid, but zero to 50% when hydrolyzed with
H. pomatia or E. coli β-glucuronidase.30 However,
enzymatic hydrolysis is preferred for opioid assays if
one hopes to detect 6-acetylmorphine, because that
heroin metabolite is destroyed by chemical hydrol-
ysis reactions31 preventing detection of heroin use.
Enzymatic hydrolysis is also preferred for benzodi-
azepines because chemical hydrolysis has proven too
harsh for this class of drugs, leading to degradation
of the drug analytes. Of interest, enzymatic hydrol-
ysis has also been shown to transform oxazepam to
nordiazepam, thus preventing accurate identification
of parent drug.32

Laboratories that utilize hydrolysis reactions as a
component of routine sample preparation should in-
clude glucuronide conjugate material as a quality
control sample for every analytical batch, to assure
that the reaction occurs according to assay speci-
fications. Alternatively, measurement of the “free”
drug analyte, in conjunction with direct analysis of
glucuronide conjugates eliminates the need for hy-
drolysis reactions, can improve positivity rates of
some drugs, and can offer information about a pa-
tient’s metabolic phenotype that may not be realized
otherwise.10,13

Chromatography

In spite of a laboratory’s best effort to create a sam-
ple free from potential analytical interferences using
the preparation methods described above, urine still
presents as a complex mixture of components that
can potentially confound the ability to reliable mea-
sure drugs and metabolites. In addition, specific drug
analytes typically need be separated from one another
to achieve the specificity expected of targeted assays.
Chromatography is a separation method that incor-
porates a solid phase, and a mobile phase.28,33 The
solid phase is contained within the analytical column,
and the mobile phase is most commonly gas (GC) or
liquid (LC). Drug analytes interact with the solid and
mobile phases in a characteristic way that is measured
relative to the time required to elute the analytes from
the solid phase and be detected (e.g. retention time).

C© 2013 Informa Healthcare USA, Inc.
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TABLE 6. Examples of Molecular Formulas and m/z for Selected Opioids

Opioid Molecular formula Nominal m/z Accurate m/z

Morphine C17H19NO3
Hydromorphone
Norcodeine 285.1 285.13649
Norhydrocodone

Noroxymorphone C16H17NO4 288.3 288.31842
Nornaloxone

Codeine C18H21NO3 299.1 299.15214
Hydrocodone

Oxymorphone C17H19NO4 301.13141
Noroxycodone C18H23NO3 301.16779
Morphine n-oxide 301.1
Dihydrocodeine

6-monoacetylmorphine C19H21NO4 327.1 327.14706
Naloxone

As such, a chromatogram that displays signal inten-
sity over time is generated, and components appear as
discrete peaks that when examined closely, resemble
a Gaussian-shaped bell curve.

Chromatographic separation is particularly impor-
tant when the urine sample contains multiple drugs
and metabolites of analytical interest, and is crit-
ical when drug analytes are of the same or simi-
lar masses. Table 6 lists examples of opioids that
share the same or similar molecular formulas and
masses, leading to isobaric interferences. When com-
pounds share the same mass, the analytical instru-
ment cannot distinguish them and may not be able
to correctly identify a drug or drug metabolite. Some
isobaric compounds can be separated chromato-
graphically, such as morphine and hydromorphone,
but others, such as noroxymorphone and nornalox-
one, which are chemically identical, cannot.34 Af-
ter separation of the compounds by chromatography,
compounds are identified with a variety of detectors
(e.g. UV-VIS, FID, ECD, fluorometric, NPD). For
the purposes of this discussion, only mass spectrome-
try, the predominant high sensitivity & specificity de-
tector, coupled to chromatographic separation, will
be reviewed.

Gas Chromatography (GC)
Separation of analytes using gas chromatography
(GC) has been applied to drug testing for decades,
and was once the only chromatography system suit-
able for detection by a mass spectrometer. The prin-
ciple of separation is selective interaction of gas phase
drug molecules traveling through a narrow-bore col-
umn with the film coating on the inside of the column.
The mobile phase is an inert gas, such as helium, and
heat is often used to modify the rates of travel through
the column. Analytes with little affinity for the film

elute quickly from the column, analytes with a high
affinity for the column film elute later.

While somewhat supplanted by the widespread
adoption of LC in recent years, GC still offers some
important advantages as a chromatographic tech-
nique. For example, an extensive database of mass
spectral data used in the identification of unknown
compounds has been compiled for GC-MS, based on
historical data from many sources. Laboratories uti-
lizing GC-MS can apply “library matching” software
to identify unknown compounds in a urine specimen.
The experiments used to generate these libraries are
very reproducible allowing inter-laboratory compar-
ison of collected data. Also, there still exist several
classes of hydrophobic drug molecules of clinical in-
terest (e.g. cannabinoids, barbiturates, alcohol, etc.)
for which GC-MS remains the preferred chromato-
graphic method.

A primary disadvantage of GC is the need for com-
plex sample preparation. Samples must be volatile, or
otherwise able to exist in the gas phase, under con-
ditions of heat. Many drugs degrade with heat, and
have polar, nonvolatile metabolites. As such, urine is
typically extracted and reconstituted with a volatile
organic solvent. Chemical derivatization is routinely
used for drug analysis to chemically alter compounds
of interest to make it stable enough and volatile
enough to be introduced into the GC-MS system.
These typically manual, time-consuming steps add to
the analytical time and cost.

Liquid Chromatography
Liquid chromatography (LC) provides chromato-
graphic separation of matrix components using a
liquid mobile phase and this is the preferred separa-
tion technology for most drug assays performed to-
day. The reason for this is simple solution chemistry.
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G. A. McMillin et al. 13

If a sample analyte can be dissolved into an aqueous
liquid (which the overwhelming majority can), it can
be analyzed using LC. By using multiple liquids, and
the many options for analytical columns, LC can ef-
fectively separate mixtures of high molecular weight
components like proteins, peptides, and nucleotides.
Specialized chromatographic conditions allow for the
separation of stereoisomers as well, such as D- and L-
methamphetamine, or levorphanol and dextrorphan.

Separation principles for LC are similar to SPE
sample preparation, because LC involves hydropho-
bic and ionic interactions between the solid support
material inside the LC column with the drugs dis-
solved in the liquid that is being pumped through the
column. The mobile phase is typically a mixture of
aqueous and organic solvents that may change dur-
ing analysis, to maximize resolution of closely related
compounds. The complex mixture of a urine sample
extract is separated on the basis of relative affinity of
a component for the LC column material, and the
mobile phase pumping through. In spite of the ad-
vantages of LC in urine drug testing, there are some
disadvantages to consider. LC may generally be de-
scribed as more complex than GC in that there are
more variables to be considered and optimized. With
that complexity, LC systems tend to be more expen-
sive than GC systems. In addition, liquid handling
systems (pumps, injectors, etc.) physical dimensions
and chemistry of the LC column, the choice of mobile
phase and the optimal mobile phase mixtures must all
be optimized for a particular analysis.

A major concern with LC-MS systems is a phe-
nomenon called ion suppression, in which compo-
nents in the sample, or the mobile phases, can cause a
suppression of the ionization (see below) and subse-
quent detection of the analytes of interest. This can be
a particular problem with urine specimens due to the
highly variable nature of urine from one specimen to
the next and must be thoroughly evaluated by the lab-
oratory to prevent the misinterpretation/misreporting
of a urine drug test.

Mass Spectrometry

Ionization
A fundamental prerequisite for detection of drug
molecules by mass spectrometry28,33, regardless of
the chromatography system, is that the molecule must
present to the instrument as a gas phase ion. The
most common ionization techniques used in clinical
urine drug testing are electron ionization for GC-MS,
and atmospheric pressure ionization for LC-MS. Al-
though chemical and other ionization techniques are
sometimes used for drug detection, such alternate
techniques are not discussed here.

Electron ionization is most commonly associated
with GC-MS. Sample molecules are vaporized at
the point of injection into the GC-MS system and
are therefore separated chromatographically while in
the gas phase. Once the separated molecules reach
the end of the chromatographic column, they exit
into a high-vacuum region of the GC-MS called the
ion source. Here the molecules are bombarded with
high energy electrons. This bombardment tends to
fragment the molecules into ionized pieces that can
then be detected by the GC-MS. The pattern and
complement of these pieces create a mass spectrum
which relates signal intensity over a mass range. The
mass spectrum is very characteristic of a particular
molecule and constitutes the data that makes up the
mass spectral libraries used to identify unknown com-
pounds in a particular sample (see above). The mass
spectrum is often referred to as the “molecular fin-
gerprint” of a drug analyte.

Atmospheric Pressure Ionization (API) is associ-
ated with LC-MS. Liquid phase molecules in the pre-
pared urine specimen are injected into the LC-MS
system and separated (in the liquid phase) as they
travel through the LC column. The pH of the mo-
bile phase may be controlled to promote ionization of
the molecules of interest. Once the ions exit the LC
column, they are introduced into the ion source of the
LC-MS, this time at atmospheric pressure. The most
common ionization technique at atmospheric pres-
sure for LC-MS applications is electrospray. Here the
LC flow is sprayed from the end of a thin metal capil-
lary with a voltage applied. The tiny droplets formed
by this electrospray process are rapidly evaporated
with a combination of heat and drying gas to the point
that ionized sample molecules are ejected from the
droplet into the gas phase. These gas phase ions are
then directed deeper into the LC-MS for detection.

A significant disadvantage compared to elec-
tron ionization is the phenomenon known as ion
suppression.35–37 The electrospray process can be
thought of as competitive. A very high concentration
of an interference in an electrospray droplet will out-
compete the relatively low concentration of the drug
molecule of interest in the same droplet and therefore
not be ionized and subsequently, not detected. This
phenomenon must be carefully and thoroughly eval-
uated and subsequently controlled in order for any
electrospray method to produce reliable and quality
data, but could be a reasonable analytical explana-
tion for an unexpected negative result, if the assay
performed is vulnerable to relevant ion suppression.

Nominal Mass Analysis
Once the sample molecules are ionized they travel fur-
ther into the MS. Here the ions are sorted and filtered

C© 2013 Informa Healthcare USA, Inc.
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on the basis of their mass to charge (m/z) ratio. Ions of
interest are selected and subsequently detected. Any
other ions that represent contaminants in the sample
are filtered out of the instrument because they do not
correspond to a selected m/z. Several configurations
of mass analyzers exist and each provides unique data
that are better suited for a particular result depend-
ing upon the particular goals of the analysis. For the
purposes of this discussion, we can group them into
two basic categories: unit resolution analyzers and
high-resolution (also known as accurate mass) analyz-
ers. See the discussion on high-resolution analyzers
below.

Unit resolution analyzers are also known as
single-stage quadrupoles or triple quadrupoles (see
below). These names are derived from the physical
configuration and specific architecture of the MS.
These instruments can reliably distinguish between
single, whole mass units. In other words they can
distinguish between m/z of 350 and 351 reliably
and reproducibly when used correctly. Historically,
GC-MS instruments have been unit resolution
single-stage quadrupole instruments. These are very
useful in identifying compounds, and determining
concentrations in urine specimens. Some limitations
have emerged when using single quadrupole instru-
ments in LC-MS applications. Due to the nature
of atmospheric pressure ionization, fragmentation is
limited, as compared to electron ionization used in
GC-MS. Because of this, selectivity of the “molecular
fingerprint” can be severely compromised in LC-MS.
Also, because LC-MS applications can be prone to
ionization suppression from co-eluting interferences
(see above), the available signal for detecting the
drug molecule may be diminished sufficiently to
prevent detection. Single quadrupole LC-MS instru-
ments may not have the sensitivity to overcome this
suppression.

An evolution of the single quadrupole mass an-
alyzer is the triple quadrupole mass analyzer, also
known as the tandem MS or MS/MS. This mass
analyzer uses three quadrupole-based assemblies ar-
ranged in series and is well suited to overcome the
limitation of single-stage quadrupole mass analy-
sis seen with LC-MS. Briefly, the first quadrupole
mass analyzer (Q1) is used to select intact ion-
ized molecules of interest. Other ions are filtered to
waste. The selected ions are sent into the second
quadrupole-based section (Q2), called the collision
cell. Here, the selected ions are subjected to high volt-
age and a collision gas to create an analogous situa-
tion seen in electron ionization. In the collision cell,
selected ions are fragmented and these ionized frag-
ments are sent into the third quadrupole mass ana-
lyzer (Q3). Laboratories monitor the abundances of

paired “transitions” from precursor mass, detected
in Q1, to the product ion masses that are detected
in Q3. It is preferred that laboratories monitor two
transitions per compound to assure specificity of re-
sults. This creates a useful molecular fingerprint for
the identification of drug molecules, somewhat anal-
ogous to the molecular fingerprint generated with
GC-MS. However, the mass spectra (molecular fin-
gerprint) generated by MS/MS cannot be compared
with the mass spectra generated by GC-MS and
thus, libraries used for identifying unknowns are cur-
rently being generated within specific laboratories,
and are not necessarily useful or appropriate for inter-
laboratory comparisons.

High Resolution Mass Analysis
High-resolution mass spectrometry measures the m/z
of an ion with more accuracy than traditional unit res-
olution instruments, typically in the milliDalton (1
mDA = .001 Da) range. This increased mass accu-
racy is achieved by using time-of-flight, also known
as “TOF”38,39, or orbitrap40–43 technology. The more
accurate mass resulting from a high-resolution instru-
ment provides better specificity than unit resolution
data generated by LC-MS or GC-MS instruments.
High-resolution instruments have the ability to dis-
tinguish compounds of the same unit mass based on
their fractional mass. For example oxymorphone and
dihydrocodeine both have a molecular mass of 301
amu. The exact mass of oxymorphone is 301.13141
and the exact mass of dihydrocodeine is 301.16779.
While this fractional difference could not be readily
distinguished with a single-stage quadrupole MS, a
TOF or orbitrap can easily make the distinction.

High-resolution instruments can also distinguish
between different isotopes of specific atoms that make
up a compound, for example being able to distinguish
Carbon-12 from Carbon-13. Since the natural abun-
dances of atomic isotopes are known, the expected
abundance and the mass of compounds containing
isotopes can be calculated from the chemical formula.
The exact mass of a drug including the mass and the
abundance of its isotopes can be used as additional
criteria to validate the identity of a compound (in ad-
dition to retention time, etc). TOF and orbitrap in-
strumentation also continually collect full-spectrum
data, as opposed to methods wherein a specific m/z is
selected for detection and other ions are eliminated.
One of the advantages of full spectrum data collection
is the ability to retroactively search for compounds
that may not have been of interest when the data was
initially collected. This is not possible with traditional
GC-MS or LC-MS/MS.

It is still possible to collect fragmentation data
(molecular fingerprints, see above) using TOF or
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orbitrap technology. Quadrupole- time-of-flight mass
spectrometers (QTOF) and quadrupole–orbitrap hy-
brids add a collision cell similar to LC-MS/MS
and collects high-resolution accurate mass data for
an ionized molecule in addition to fragment data.
High-resolution mass spectrometry has been used
to detect drugs of interest in pain management in
serum/plasma44 and urine45. High resolution tech-
niques can be used for qualitative detection of drugs
and metabolites, or compounds can be quantitated
if required, depending on the application and clin-
ical need. There is currently research underway to
utilize high-resolution mass spectrometers to accu-
rately identify drug analytes without complicated
chromatographic separation (e.g. direct injection),
which could reduce complexity of testing and costs
significantly.46

Quantitative versus Qualitative Testing
Depending upon the nature of the analytical test de-
sign, results can be qualitative or quantitative. Qual-
itative results report the presence or absence of a
drug above a method-specific threshold (defined by
a commercial manufacturer or the laboratory). The
type of instrument used for the analysis can be op-
timized to provide qualitative versus quantitative re-
sults. Immunoassays, as discussed above, are largely
qualitative, but could be designed to provide quan-
titative results by adding calibrators and evaluating
the change in signal with concentration of drug ana-
lyte. TOF and other high-resolution instruments can
also be used to replace a traditional screen, and de-
tect a large menu of drugs and drug metabolites. Such
targeted drug detection panels are particularly useful
when immunoassays do not perform well, such as for
opioids and benzodiazepines.

The primary difference between targeted qualita-
tive and quantitative analysis is the inclusion of sev-
eral calibrators and internal standards, which are de-
signed to generate a concentration versus response
curve. In a qualitative test, the assay will be opti-
mized to perform best at the cutoff. For a quanti-
tative test, the assay is optimized to perform within
laboratory-established precision and accuracy crite-
ria over a range of concentrations defined as the an-
alytical measurement range (AMR). The lower limit
of the AMR is the limit of quantitation (LOQ), and
the concentrations across the range are mathemati-
cally calculated, usually based on the analyte signal
divided by the signal for an internal standard. Con-
centrations below the LOQ may be determined, at
least to the limit of detection (LOD) for the assay sys-
tem, but concentrations that fall between the LOD
and the LOQ may not meet quality standards estab-
lished by the laboratory for acceptance and reporting

of the data. Examples of acceptance criteria include
accuracy and precision expectations, a manual review
of the chromatography and retention times, evalua-
tion of ion response ratios, instrument performance,
review for evidence of analytical carryover, quality
control performance, etc. In order for the calcula-
tions to be accurate, the instrument must have a linear
response across a broad range of relevant concentra-
tions. Single quadrupoles and triple quadrupoles are
particularly well suited for quantitative analysis.

Analytical Explanations for Unexpected
Results

As discussed above, a fully compliant patient with a
well-preserved and appropriately collected specimen
could be faced with an unexpected drug testing result.
An unexpected result should stimulate an investiga-
tion of potential explanations such as those listed in
Table 1. When we consider analytical causes of un-
expected results, it is first important to know what
test was performed and what the test was designed to
detect, at what concentrations. When analytical pro-
cesses are suspected as a cause of the unexpected re-
sult, the laboratory should be notified so that they
can participate in the investigation. Some examples
of unexpected results that the laboratory has helped
resolved, or could help investigate are described
below.

A finding that may have been viewed as an in-
terference initially is the observation that patients
who are prescribed Suboxone may test positive
for noroxymorphone. Because Suboxone is a co-
formulation of buprenorphine and naloxone, it is pos-
sible for patient urine to contain both parent drugs,
and associated metabolites. A common naloxone
metabolite, nornaloxone, is chemically identical to
noroxymorphone.34 As such, laboratories cannot dis-
tinguish whether the metabolite came from naloxone,
oxymorphone, or oxycodone. This example illus-
trates how measuring patterns of analytes can prevent
misinterpretation of an unexpected drug test results.

With increasingly more sensitive instrumentation,
laboratories have been detecting minor metabolites
and pharmaceutical impurities. For example, small
amounts of codeine are observed with large amounts
of morphine.47 This pattern of results is consistent
with pharmaceutical impurity. Quantitative analysis,
along with evaluation of the patterns of results, can
resolve this unexpected result. Another example of
an unexpected result that was best resolved with in-
put regarding the clinical scenario is the observation
that hydromorphone occurs in small quantities, with
high concentrations of morphine. Hydromorphone
was subsequently characterized as a minor metabolite
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of morphine.48 Alternatively, examples such as these
may be evidence that cutoff concentrations are being
pushed too low, and should be established to mini-
mize potentially confusing results such as these.

Analytical interferences or poor assay perfor-
mance can also contribute to unexpected results.
For example, spectrophotometric detection methods
common to immunoassays and some chromato-
graphic detectors will absorb light at the same wave-
length as the drug/compound of interest or interfere
with the reaction. Cross-reactivity of an immunoassay
can occur with unexpected drugs or substances such
as herbal products, dietary supplements, or over-
the-counter medications. Analytical interferences,
leading to apparent positive results, are well de-
scribed for antihistamines, antidepressants, antipsy-
chotics, antibiotics, nonsteroidal anti-inflammatory
drugs (NSAIDs), and select drug screen assays,
particularly with immunoassays designed to detect
amphetamine-like drugs.49,50 NSAIDs have also been
reported to cause false-positive urine drug screen re-
sults for cannabinoid, barbiturate, benzodiazepine,
and PCP immunoassays.51

With both targeted testing and immunoassays, an-
alytical carryover caused by analyzing a very concen-
trated sample prior to a negative sample, has been re-
ported to produce an apparent positive result in the
negative sample. Carryover can occur during sam-
ple preparation, liquid handling, chromatography, or
as a result of instrument contamination.52,53 Another
instrument-based source of inaccurate results is the
unfortunate production of 6-acetylmorphine through
heat or chemical reaction, when testing highly con-
centrated morphine samples.21,54 Laboratories need
to assure that their analytical methods do not create
drugs, the interpretation of which would negatively
impact the patient. In some cases, 6-acetylmorphine
has been detected in the absence of morphine.55

When this occurs and is not expected, it should be
questioned and investigated.

Unexpected results such as those described above
are best defined through communication between the
laboratory and the provider. The laboratory should
offer repeat testing, or perform secondary testing us-
ing a different, perhaps more specific methodology.
These data, along with the clinical and pharmacy his-
tory, as well as input from the provider, can help
characterize and prevent the contribution of analyti-
cal methods to unexpected results, and improve inter-
pretation for all. In conclusion, the analytical choices
to support urine drug testing for the purpose of ad-
herence monitoring are diverse, and not well stan-
dardized. The best utilization of immunoassays and
targeted testing will align clinical needs, actual test ca-
pabilities, and costs of testing, and may thereby rep-

resent a combination of tests that each perform as
needed.
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flicts of interest. The authors alone are responsible for
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