
Therapeutic use, overuse, abuse, and diversion of controlled substances in 
managing chronic non-cancer pain continue to be an issue for physicians and 
patients. The challenge is to eliminate or significantly curtail abuse of controlled 
prescription drugs while still assuring the proper treatment of those patients. 
Some physicians are apprehensive regarding the use of chronic opioid therapy in 
chronic non-cancer pain due to a perceived lack of proven evidence, the misuse of 
opioids, tolerance, dependence, and hyperalgesia. However, others have criticized 
the underuse of opioids, resulting in the undertreatment of pain. It has been the 
convention that federal, state, and local governments; professional associations; 
as well as pharmaceutical companies, physicians, accrediting bodies, medical 
licensure boards, and the public all share responsibility for preventing abuse of 
controlled prescription drugs. 

To overcome the critical challenge of eliminating or significantly curtailing abuse 
of controlled prescription drugs and at the same time assuring the appropriate 
treatment for those patients who can be helped by these medications, it is crucial 
to practice adherence or compliance monitoring of opioid therapy.

Compliance monitoring has been shown to be crucial in delivering proper opioid 
therapy and preserving this therapy for the future. Urine drug testing (UDT) is 
considered one of the mainstays of adherence monitoring in conjunction with 
prescription monitoring programs and other screening tools, however, UDT is 
associated with multiple limitations secondary to potential pitfalls related to drug 
metabolism, reliability of the tests, and the knowledge of the pain physician.

UDT is a widely available and familiar method for monitoring opioid use in chronic 
pain patients. UDT can provide tools for tracking patient compliance and expose 
possible drug misuse and abuse. UDT is one of the major tools of adherence 
monitoring in the assessment of the patient’s predisposition to, and patterns of, 
drug misuse/abuse – a vital first step towards establishing and maintaining the safe 
and effective use of opioid analgesics in the treatment of chronic pain. 

This comprehensive review provides the role of UDT in monitoring chronic opioid 
therapy along with reliability and accuracy, appropriate use, overuse, misuse, and 
abuse. 
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patterns of drug use and compliance so as to direct the 
type and conduct of treatment that can and should be 
provided; and finally, ensure the safe, ethical, and le-
gal sound practice of medicine while maintaining pa-
tient access to these therapies. Adherence monitoring 
has been shown to be a useful approach to acquiring 
information from biological, psychological, and social 
domains that can assist in identifying and/or predicting 
patterns of drug use, compliance, misuse, and abuse 
(1,13,14,16,76).

1.0 Chronic Non-Cancer Pain

Chronic non-cancer pain has been defined by the 
American Society of Interventional Pain Physicians 
(ASIPP) as, “pain that persists 6 months after an injury 
and beyond the usual course of an acute disease or a 
reasonable time for a comparable injury to heal, that 
is associated with chronic pathologic processes that 
cause continuous or intermittent pain for months or 
years, that may continue in the presence or absence 
of demonstrable pathologies; may not be amenable to 
routine pain control methods; and healing may never 
occur (75,77).” Chronic persistent pain is associated 
with significant impairment of physical and psychologi-
cal health, and performance of social responsibilities, 
including work and family life (76-84). Recent studies 
have shown significant increases in prevalence and 
associated disability of chronic pain (82,83). In fact, a 
study performed in the United States (83) showed an 
annual increase of 11.6% for low back pain.

1.1 Opioids in Chronic Non-Cancer Pain
Opioids have been used for thousands of years to 

treat pain, and continue to be one of the most com-
monly prescribed medications for chronic pain. Even 
though opioids have been controlled in the United 
States with regulations and restrictions, opioid utiliza-
tion has been increasing at an unprecedented pace (1-
10). Manchikanti et al (1), in an evaluation of opioid 
usage over a period of 10 years, showed an overall in-
crease of 149% in retail sales of opioids from 1997 to 
2007 in the United States, with an increase of 1,293% 
for methadone, 866% for oxycodone, and 525% for 
fentanyl. Similarly, the increase in therapeutic opioid 
use in the United States in milligrams per person from 
1997 to 2007 increased 402% overall, with the highest 
increase in methadone of 1,124% mg/person and oxy-
codone of 899% mg/person. 

Despite the extensive use of opioids, the evidence 
of its effectiveness, not only on pain relief, but also on 

The use of prescription opioids has increased 
over the last 10 years as an accepted method 
for treating chronic nonmalignant pain (1-

14). Concurrently, there has been a greater incidence 
of prescription drug abuse as demonstrated by 
epidemiologic, emergency room, and treatment 
admission data (1-8,14-47). The challenge of using 
opioid analgesia therapy lies in balancing 2 important 
public health concerns: responding to the need of 
relieving chronic pain and preventing the overuse 
or abuse of opioid medications (1-5,10-14,48-61). 
Physicians have long been apprehensive regarding the 
use of this therapy due to a perceived lack of proven 
evidence (1,5,10-14,56-66), the misuse of opioids 
(e.g., addiction, diversion, abuse), tolerance, cognitive 
effects, dependence, and hyperalgesia, all of which 
have contributed to the alleged under utilization 
of opioid therapy as perceived by some proponents 
of opioid therapy (1-3,5,8-14,52,56-74). Clinicians 
caring for patients with chronic pain often struggle 
to provide adequate pain control while avoiding the 
risk of substance abuse (1,3-5,14,48-51,53). Reasons 
to test patients for appropriate use of opioids may be 
summarized as the following 10 P’s: 
1)	 Protecting the patient 
2)	 Protecting the practitioner 
3)	 Protecting the pain therapy plan 
4)	 Protecting the community 
5)	 Protecting society
6)	 Promoting cost-effectiveness
7)	 Protecting resources
8)	 Practicing safe and effective medicine
9)	 Practicing and fulfilling ethics in medical practice
10)	 Preserving access to therapy.

In order to achieve this, federal, state, and local 
governments; professional associations, as well as phar-
maceutical companies, physicians, accrediting bodies, 
medical licensure boards, and the public must all share 
responsibility for preventing improper use, misuse, and 
abuse of controlled prescription drugs (1,3,4,6,14). How-
ever, the critical challenge remains to eliminate or sig-
nificantly curtail abuse of controlled prescription drugs 
while still assuring the appropriate treatment of those 
patients who can be helped by these medications, and 
avoid labels such as opiophobia and undertreatment 
of pain (1,5,14,67,68,71-75). To achieve these goals, it 
is crucial to allow accurate clinical and administrative, 
including legal and governmental, assessment of the 
true nature and scope of prescription and illicit drug 
use and abuse; provide physicians’ insight to patients’ 
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functional status and quality of life indicators, has been 
limited (5,10-14,56-66,85). In fact, it has been shown 
that opioid use might go against other important prin-
ciples of chronic pain management, aiming at increased 
self-efficacy, reduced reliance on the health care system, 
reinforcement of pain behavior, and passivity and loss 
of autonomy by externalization of the locus of con-
trol (85). In an epidemiologic study, Eriksen et al (61) 
showed that in Denmark, the results were worse pain, 
higher health care utilization, and lower activity levels 
in opioid-treated patients compared with a matched co-
hort of chronic pain patients not using opioids. 

1.2 Opioid Abuse in Chronic Pain
Abuse of opioids in chronic non-cancer pain is con-

sidered one of the urgent issues in modern medicine, 
with over 90% of patients presenting to interventional 
pain management settings already on opioid therapy. 
Drug abuse has been estimated to be in the range from 
18% to 41% of patients receiving opioids for chronic 
pain (15-23,56,85-96). 

1.3 Illicit Drug Use in Chronic Pain
In addition to opioid abuse, illicit drug use in pa-

tients in chronic pain management settings without 
controlled substance use was found in 14% to 16% of 
patients and illicit drug use in patients with controlled 
substance use was present in 34% of the patients (17,89-
91). Adherence monitoring has been shown to decrease 
controlled substance abuse and illicit drug use (15,16).

1.4 Drug Diversion in Chronic Pain 
Prescription drug diversion, defined as the unlaw-

ful channeling of regulated pharmaceuticals from legal 
sources to the illicit marketplace, has been a topic of 
widespread commentary and is of interest to regula-
tors and providers (97). The abuse of many different 
prescription drugs has been escalating since the early 
to mid 1990s (1-14,97-100). While diversion can occur 
in many ways, including illegal sale of prescriptions by 
physicians, patients, and pharmacies, doctor shopping, 
forgery, robbery, and theft, it has been shown that the 
majority of the drugs come from a single physician’s 
prescription and that family members share it (47).

1.5 Terminology of Abuse
Much confusion has resulted from the different 

uses of the terms “addiction,” “physical dependence,” 
and “tolerance” among clinicians and even medical or-
ganizations. For example, addiction is characterized by 

the following: maladaptive behavior due to the use of 
drugs, loss of control over drug use, and preoccupation 
with obtaining opioids despite having adequate pain 
control (101). Physical dependence refers to a state of 
adaptation manifested by drug class-specific withdrawal 
syndrome possibly produced by abrupt cessation of the 
drug, rapid dose reduction, decreasing blood levels of 
the drug, and/or administration of an antagonist (101). 
Tolerance is indicated by the need for increasing doses of 
a medication to achieve the initial effects of the drug. 

Opioid abuse refers to the willful misuse of opi-
oids and arguably includes drug diversion, since sell-
ing the drug rather than taking it is willful misuse 
(1,14,48,49,51). A 2008 review found that a small per-
centage of patients suffering chronic pain who are 
prescribed opioids will develop addiction or abuse to 
the drug (3.27%) and a larger percentage will demon-
strate some aberrant drug-related behaviors and illicit 
drug use (11.5%) (70). An earlier study reported 23% 
of chronic pain patients prescribed opioids will become 
addicted (102) and other investigators state that drug 
overuse, misuse, or abuse might have a prevalence of 
above 40% (1-9,15-23,51-55,59,85-91,102-108). 

2.0 Compliance for Proper Use of 
Opioids 

Compliance monitoring for proper use of opioids 
is crucial in delivering proper opioid therapy and pre-
serving this therapy for the future. Opioid therapy may 
be provided individually as monotherapy or it may be 
provided in conjunction with other therapeutic mo-
dalities including interventional techniques, rehabilita-
tion therapy, and surgical interventions (75,109-135). 
The latter is utilized more often than the first. For the 
proper use of opioids, one should consider providing 
multidisciplinary therapies or at least prescribe them in 
conjunction with other modalities as a supplemental 
therapy based on evidence. In fact, multiple interven-
tional therapies have been illustrated to be beneficial 
in managing chronic persistent non-cancer pain; low 
dose opioids improved functional status, even though 
there had not been a significant change in opioid in-
take (75,109-135). Similar to escalating opioid therapy, 
interventional techniques, surgical interventions, and 
all other modalities of treatments also have been criti-
cized for overuse, misuse, and abuse (67,68,136-149).

2.1 Screening for Opioid Abuse
Screening for opioid misuse and abuse is an exer-

cise to strengthen the patient-physician relationship. 
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This should not be confrontational and the patient has 
to understand that this is like any other laboratory test. 
Thus, a physician would respond to adherence monitor-
ing or screening for opioid abuse similar to how one 
would respond to an abnormal liver function test or ane-
mia. Further, several investigators have described mul-
tiple screening instruments in detecting opioid abuse 
or misuse in chronic pain patients (5,11,13,76,150-152). 
However, there is no widely used or reliable screening 
instrument available in current practice. 

While routine urine drug testing (UDT) has become 
standard in the addiction treatment setting, it has not 
been universal in chronic pain management centers or 
with internists or family practitioners who treat a smaller 
number of chronic pain patients. In fact, in a systemat-
ic review of treatment agreements and UDT to reduce 
opioid misuse in patients with chronic pain (153), the 
evidence was relatively weak in supporting the effec-
tiveness of opioid treatment agreements and UDT in 
reducing opioid misuse by patients with chronic pain. 
It was concluded that family medicine physicians who 
order UDT to monitor their patients on chronic opioid 
therapy are not proficient in their interpretation (154). 
Another study evaluating drug testing of adolescents 
in ambulatory medicine (155) concluded that primary 
care physicians do not always use proper urine sample 
collection and validation procedures, and they are not 
aware of important limitations of drug testing. In a sur-
vey conducted in 2008 by the Biomedical Research and 
Education Foundation (BREF), based on a questionnaire 
distributed to 99 attendees (51), it was concluded that 
most urine testing was motivated by a desire to detect 
undisclosed substances than to evaluate appropriate 
opioid use. However, some responders never urine-test-
ed their opioid patients, and about two-thirds of the 
respondents had no formal training in urine testing of 
patients on opioid therapy (51). The authors concluded 
that urine testing was not used consistently. In an edito-
rial (156) accompanying the previous study (51), Bair and 
Krebs (156) questioned why UDT is not used more often 
in practice. Even though there is no evidence-based liter-
ature for utilization of UDT, they recommended clinician 
training programs, continuing education, recognition of 
best practices, and ready access to expert consultation 
are necessary, but not likely sufficient to promote great-
er use of this potentially valuable tool. Ultimately, they 
contend that to improve the safe and effective use of 
opioids, the health care system and individual practices 
will need to be redesigned to support routine UDT in 
conjunction with other opioid monitoring strategies.

3.0 Urine Drug Testing

There are a variety of biological specimens used in 
performing laboratory drug testing (e.g., urine, blood, 
sweat, saliva, hair, and nails). Each provides differing 
levels of specificity, sensitivity, and accuracy. No single 
instrument or assessment method has universal predic-
tive utility because there could be multiple reasons and 
factors involved in drug abuse and/or misuse. However, 
UDT is regarded as the gold standard. This is primarily 
because urinary tests allow for the presence or absence 
of certain drugs to be evaluated with good specificity, 
sensitivity, ease of administration, and cost (49). Urine 
drug concentrations and metabolites also tend to be 
high in urine, allowing longer detection times than 
serum concentrations (54). However, debate continues 
regarding the clinical value of UDT, partly because most 
current methods are designed for, or adapted from, fo-
rensic or occupational deterrent-based testing for illicit 
drug use and are not entirely optimal for applications 
in the chronic pain management setting (49). Yet, with 
appropriate consideration of the caveats against mis-
interpretation (arising from limits of specificity, and/or 
false-positive or false-negative screens), UDT can be a 
useful tool to aid in both the ability to evaluate pa-
tients’ compliance with prescribed regimens of con-
trolled substances, and to diagnose the misuse or abuse 
of prescribed drugs or use of illicit agents. However, 
UDT has been used, misused, and abused due to finan-
cial incentives, and the influence of medical licensure 
boards, the Drug Enforcement Agency (DEA), and oth-
er governmental agencies (49,68,69,110,111,157,158). 
UDT is most commonly used for 2 purposes: ensuring 
compliance by patients who are using the prescribed 
opioid(s), and monitoring the use of non-prescribed 
or illicit substances in the population receiving opioid 
therapy for chronic pain (87). 

3.1 Historical Aspects 
The history of UDT dates back to a 1790 statute 

authorizing that every soldier be given a daily ration 
of a quarter pint of rum, whiskey, or brandy (159). 
Subsequently, over the next 200 years or so, the ill ef-
fects of alcohol and drugs in the workplace were rec-
ognized. Consequently, in the early 1980s, the U.S. 
military introduced a “zero tolerance” random drug 
testing policy after an explosion aboard the USS Nimitz 
in which postmortem examinations showed that half 
of the crew members who were killed tested positive 
for marijuana. Over the next 8 years, illicit drug use in 
the military dropped from 30% to 5% (160). Further, 
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in 1986, President Reagan issued an Executive Order 
on the Drug Free Federal Workplace, which mandated 
each executive agency to establish a program to test 
for drug use by federal employees in “sensitive” posi-
tions. This program mandated drug testing following 
accidents in those for whom there was a reasonable 
suspicion of use, and for new job applicants (161). The 
Department of Transportation also enacted a similar 
program in 1987 (159). Since then, UDT has become a 
common practice in the American workplace. 

3.2 Limitations of Application of Urine Drug 
Testing

Nafziger and Bertino (53) described various scien-
tific principles of pain medicine pharmacology that af-
fect UDT findings and are important to consider. These 
include sources of variability in pharmacokinetics, phar-
macodynamics (pharmacologic effects), pharmacoge-
netics (the effect of genetics and the environment on 
pharmacokinetics and pharmacodynamics), and also 
issues relating to the collection, handling, and assay 
methodologies for urine. In addition, it is essential to 
avoid adulteration and subversion of UDT, and to en-
sure validity. As important a tool as UDT is in the treat-
ment of chronic pain, it nevertheless remains only one 
of many tools. 

Methods for accurate UDT have been available for 
several decades, and such methods are useful in assess-

ing and identifying substance use. Despite widespread 
adoption of UDT in multiple settings, studies have 
shown that medical students and residents receive in-
adequate training in these techniques, and practitio-
ners are not very familiar with applications and implica-
tions of UDT (51,153-155). 

3.2.1 Variables Affecting Results of Urine Testing 
Multiple variables affecting the results of urine 

testing include cutoff selection; pharmacokinetics, 
pharmacodynamics, and pharmacogenetics; laboratory 
technology used in the urine drug test; and subversion 
and adulteration of the urine specimen. 

3.2.1.1 Cutoff Selection 
One variable influencing drug detection is the cut-

off threshold. In other words, any sample having a drug 
concentration equal to or above a specified level is con-
sidered a “positive result.” This threshold might vary 
from context to context as well as from screen to con-
formation test. These concentrations are illustrated in 
Table 1. Screening cutoff concentrations and confirma-
tion cutoff concentrations are variable for certain drugs 
such as amphetamines, cocaine, marijuana, and meth-
amphetamine. Further, there might also be differences 
between confirmation cutoff concentrations for regu-
lated and non-regulated testing. A lower cutoff results 
in a longer detection time, even though it also affects 

Table 1. Urine drug testing: Typical screening and confirmation cut-off  concentrations and detection times for drugs of  abuse.

Drug

Screening 
cut-off  

concentrations 
ng/mL urine

Confirmation cut-off  
concentrations

ng/mL
(non-regulated)

Confirmation cut-
off  concentrations 
ng/mL (federally 

regulated)

Urine detection time

Opioids

      Morphine 300 50 2,000 3-4 days

      Codeine 300 50 2,000; 300 1-3 days

      Hydrocodone 300 50 2,000 1-2 days

Oxycodone 100 50 2,000 1-3 days

Methadone 300 100 2,000 2-4 days

Benzodiazepines 200 20-50 NA Up to 30 days

Cocaine 300 50 150 1-3 days

Marijuana 50 15 15 1-3 days for casual use; up to 
30 days for chronic use

Amphetamine 1,000 100 500 2-4 days

Methamphetamine 1,000 100 500 2-4 days

Heroin* 10 10 NA 1-3 days

Phencyclidine 25 10 25 2-7 days for casual use; up to 
30 days for chronic use

*6-MAM, the specific metabolite is detected only for 6 hours.
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sensitivity and specificity. Lowering the cutoff increases 
sensitivity, although it also increases the potential for 
false-positive results by decreasing specificity. 

3.2.1.2 Pharmacokinetics, Pharmacodynamics, and 
Pharmacogenetics 

Understanding the basic principles of drug phar-
macokinetics is crucial in evaluating patient adherence 
with opioids. Opioids administered by multiple routes, 
such as oral, transdermal, or intrathecal, showed vari-
able pharmacokinetics. Absorption, distribution, me-
tabolism, and excretion of drugs vary among patients 
and can vary day-to-day within a given patient – in-
terindividual variability and intraindividual variability. 
Most of the pharmacokinetic variability is due to envi-
ronmental and genetic factors, with drug formulation 
being a less likely source of variability (53). In contrast, 
pharmacodynamic response (effect of the drug on the 
body), variability in receptor configuration and sensi-
tivity might affect response to opioids. While pharma-
cokinetics have been well studied, pharmacodynamic 
variability has not been studied well and is poorly 
understood. 

3.2.1.3 Absorption and Distribution 
Absorption and distribution vary from patient to 

patient and thus similar doses do not result in similar 
systemic exposure (i.e., drug concentration at the site 
of effect), or similar pharmacologic effect. It has been 
shown that morphine shows approximately a 2.5-fold 
interindividual variability in oral (162), buccal (162,163), 
sublingual (162), and intramuscular absorption (164). In 
contrast, with limited first pass metabolism, oral oxyco-
done exhibits at least a 1.5-fold variability in absorption 
(165). Significant variability also has been described 
for hydromorphone and meperidine with first pass ef-
fect (metabolism of the drug in the gut or as it passes 
through the liver immediately after gut absorption), re-
sulting in a widely variable amount of the drug reach-
ing the systemic circulation (166). Further, for orally 
administered drugs, metabolism via glucuronidation, 
or phase II metabolism, might occur at the site of ab-
sorption (i.e., the intestine) and in the liver, resulting in 
reabsorption into the blood with enterohepatic recir-
culation (167) with excretion of glucuronides into the 
bowel and deconjugated. However, the first pass effect 
results in a significant reduction in the amount of the 
parent drug that reaches the systemic circulation, which 
is variable for multiple opioids. Consequently, without 
blood concentration data, the quantity of the excreted 

parent drug in urine will not provide unequivocal evi-
dence of patient compliance with the recommended 
dosing.

Further, transporters can be involved in controlling 
the movement of medication across the intestinal lu-
men, hepatocyte membranes (influencing biliary excre-
tion), and the blood brain barrier (53), thus influencing 
the rate of drug absorption, excretion, or arrival at the 
site of action (168). It has been suggested that trans-
porter genetic polymorphism, along with potential 
environmental effects, can result in significant interin-
dividual variability in drug absorption and distribution 
and thus efficacy of opioids (169).

3.2.1.4 Metabolism, Transport, and Receptor Affinity 
Multiple enzymes are considered to be involved in 

the phase I enzymes such as cytochrome P450 enzymes 
or CYPs and phase II enzymes such as UDP-glucurono-
syltransferases (UGT), both of which exhibit genetic 
polymorphism, essentially categorizing the patients 
as poor metabolizers, intermediate metabolizers, ex-
tensive or “normal” state metabolizers, or ultra-rapid 
metabolizers with higher than normal metabolism 
(170). Phase I polymorphic enzymes such as CYP2D6, 
CYP2C9, and CYP2C19 impact drug effect by deter-
mining whether an inactive prodrug such as codeine 
can be converted to an active drug such as morphine. 
In addition, blood concentrations of the active drug 
are also influenced by genetic polymorphism by me-
tabolism and clearance. Consequently, if a patient is 
classified as an ultrarapid metabolizer for CYP2D6, the 
enzyme that converts the prodrug codeine into the 
active drug morphine, it is expected that this person 
would require lower total daily doses of codeine to 
achieve the similar exposure of blood concentrations 
of morphine as that of an extensive metabolizer (171). 
The opposite applies for a poor metabolizer requiring 
higher doses of codeine to achieve similar exposure. 
Multiple CYPs are involved in metabolizing opioids, 
as illustrated in Table 2, which shows frequently used 
opioids in their metabolic routes (53,166,172-178). 
Individual genotype plays an important role in deter-
mining the rate of metabolism and the efficacy of a 
specific dose for particular opioids, resulting in find-
ings that the dose of a drug might not correlate with 
the extent of pain relief or urine drug concentration, 
sometimes even within the same individual between 
testing periods (179). One of the drugs most commonly 
affected by CYPs is methadone. The R-enantiomer of 
methadone, thought to be primarily responsible for its 
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analgesic effect, is metabolized by hepatic N-demeth-
ylation via CYP2B6; to a lesser extent, it is metabolized 
by intestinal CYP3A(174,180,181). Further, methadone 
exhibits a 30-fold variability in blood concentrations 
for a given dose (182,183) and methadone also has 
been shown to inhibit its own metabolism via the CYP 
enzymes (174,181). 

CYP2D6 has been shown to metabolize codeine 
from prodrug to active drug morphine (184) and it also 
has been shown to have a minor role in metabolizing 
tramadol to the active O-desmethyl-tramadol.

Polymorphic enzymes such as CYP2D6 are report-
ed to have 6-fold to 41-fold interindividual variability 
(184,185) and 17% to 122% intraindividual coefficient 
variability (186). Finally, patients with genetically de-
termined increased drug metabolizing enzyme activity 
might be at greater risk for inhibitory drug interac-
tions that can result in acute, excessive drug exposure 
(187). 

The enzymes which do not show genetic polymor-
phism also can exhibit a wide range of individual vari-
ability in activity. CYP3A isozyme activity is associated 
with metabolism of alfentanil and fentanyl and might 
show significant variability in dose requirements and 
responses (188) due to a 2-fold to 10-fold interindi-
vidual variability (189,190).

In Phase II metabolism, UGT enzymes are involved, 
which affect metabolism of a number of opioids, in-
cluding morphine and codeine. 

In addition to drug metabolizing enzymes, trans-
porters also play an important role in opioid response, 
with a 10-fold variability (191). There are also wide 
differences in the doses of opioids required for pain 

management, based on individual disease state, ex-
tent of the disease, and comorbid conditions. It also 
has been indicated that environmental factors includ-
ing diet can affect the transporters, either by inhibi-
tion or induction of the transporters, thus providing 
fluctuations in drug concentrations (192).

Urine pH also has significant influence on drug 
concentrations excreted in the urine. A high protein 
diet results in acidic urine (193), whereas a vegetarian 
diet can result in alkaline urine (193,194). In addition, 
underlying disease states such as diabetes mellitus, 
respiratory or metabolic acidosis, or uremia can also 
cause an acidic urine pH of less than 6. Urinary tract 
infections with ammonia-forming bacteria cause an 
alkaline urine pH above 8. 

The excretion of methadone is dependent upon 
urinary pH with higher concentrations of the parent 
compound methadone being excreted at lower urine 
pH, whereas urinary excretion of methadone metabo-
lite EDDP (2-ethylidene 1,5-dimethyl 3,3 diphenylpyr-
rolidine) is not dependent upon urinary pH (180). It has 
been recommended that EDDP concentrations may be 
used to evaluate compliance with chronic, stabilized 
methadone therapy via UDT, instead of the parent 
compound methadone (180). However, the value or 
validity of this has not been established. 

3.3 Laboratory Technology Used in Urine 
Drug Testing

Two types of urine drug tests are typically used: 
immunoassay and laboratory-based specific drug iden-
tification such as gas chromatography/mass spectrom-
etry (GC/MS), liquid chromatography tandem mass 

Table 2. Frequently used opioids and their metabolic routes.

Drug CYP1A2 CYP2B6 CYP2C19 CYP2D6 CYP3A UGT Demethylation Glucuronidation Reference
Codeine ++++ + (172,173)

Hydrocodone +++ + +++ (173)

Hydromorphone +++ +++++ (166)

Meperidine + (179)

Methadone +++++ (174)

R-methadone +++++ + + + (175)

S-methadone +++++ + + (176)

Oxycodone +++ ++ +++++ (176)

Tramadol + + +++ + ++ (177,178)

CYP indicates cytochrome P450; UGT, UDP-glucuronosyltransferases.

Adapted from: Nafziger AN, Bertino JS. Utility and application of urine drug testing in chronic pain management with opioids. Clin J Pain 2009; 
25:73-79 (53).



Pain Physician: March/April 2011; 14:123-143

130 	 www.painphysicianjournal.com

spectrometry (LC/MS/MS) or high performance liquid 
chromatography (HPLC). Enzyme-mediated immuno-
assay (EIA) is frequently used as the initial evaluation 
for UDT, which can test for numerous drugs or drug 
classes, and can determine if a class of substances is 
present or absent. In most cases, EIAs demonstrate 
adequate sensitivity but are not specific. They cannot 
equivocally identify a specific analyte and can result 
in false-negatives by missing compounds such as oxy-
codone, methadone, and fentanyl (195,196). Further, 
they also fail to distinguish between different drugs 
of the same class (e.g., opioids) and can produce 
false-positive results from cross-reactivity with other 
substances (e.g., quinolone antibiotics or any com-
pound with similar structural and chemical properties 
to the original substance). Table 3 illustrates various 
drug cross-reactants. In addition, EIAs exhibit cross-
reactivity with other commonly available medications 
such as over-the-counter diet agents and deconges-
tants. Thus, confirmatory testing is required when an 
immunoassay is initially used and provides both high 
sensitivity and high specificity to reduce false-posi-
tives and false-negatives.

Multiple publications have shown not only high 
rates of inappropriate drug use in the chronic pain 
population, but also have identified multiple reasons 
for confirmatory testing along with differences in 
cutoff levels. Further, metabolic variations also have 
suggested for confirmatory testing (197). In a retro-
spective analysis of screening for non-compliance, in 
the data collected in almost a million patients, test 

samples showed that 75% of patients were unlikely 
to be taking their medications in a manner consis-
tent with their prescribed pain regimen (158). This 
evaluation showed that 38% of patients were found 
to have no detectable level of their prescribed medi-
cation, 29% had a non-prescribed medication pres-
ent, 27% had a drug level higher than expected, 15% 
had a drug level lower than expected, and 11% had 
illicit drugs detected in the urine (158). Further, it has 
been suggested that the lowering of the federally 
mandated cannabinoid immunoassay cutoff from 100 
to 50 μg /L increased efficiencies and sensitivities for 
all immunoassays, with minor decreases in specific-
ity (198). Consequently, the cutoff levels, which have 
been reduced to 20 and 15, further increases true-
positive rates. 

To identify individual drugs and metabolites, lab-
oratory testing is recommended. Thus, a urine screen 
that is positive for hydromorphone in a patient re-
ceiving hydrocodone does not reflect drug abuse, but 
rather the appropriate metabolite of hydrocodone. 
Similarly, since codeine is metabolized to morphine, a 
screen that is positive for morphine in a patient taking 
codeine would be expected (199). Historically, there 
have been instances in which physicians who were 
not familiar with opioid metabolism have wrongly ac-
cused patients of drug abuse (197). Table 4 illustrates 
metabolites of opioids (199,200). In addition, preva-
lence of morphine metabolism to hydromorphone in 
chronic pain patients treated with morphine also has 
been established (197). It is also essential to note that 

Table 3. Drug cross-reactants.

Drug Cross-Reactants

Drug Cross-Reactant

Cannabinoids NSAIDs, Marinol, Protonix

Opioids Poppy seeds, chlorpromazine, rifampin, dextromethorphan quinine

Amphetamines Ephedrine, methylphenidate, trazodone, bupropion, desipramine, amantadine, ranitidine, 
phenylpropanolamine, Vicks Vapor Spray

PCP Chlorpromazine, thioridazine, meperidine, dextromethorphan, diphenhydramine, doxylamine

Benzodiazepine Oxaprozin (Daypro), some herbal agents

ETOH Asthma inhalers (sometimes)

Methadone propoxyphene, Seroquel

Gas chromatography should confirm all positives; screening detects a presence or absence, not the concentration. Drug tests are not quantitative.

Source: Manchikanti L, et al. Protocol for accuracy of point of care (POC) or in-office urine drug testing (Immunoassay) in chronic pain patients: 
A prospective analysis of immunoassay and liquid chromatography tandem mass spectometry (LC/MS/MS). Pain Physician 2010; 13:E1-E22 (49).
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Table 4. Metabolites of  opioids.

OPIATE METABOLITES COMMENT

Hydrocodone
Hydromorphone
Dihydrocodeine 

Normorphine
Norhydrocodone

Hydrocodol
Hydromorphol

If codeine to hydrocodone ratio < 10, codeine is not 
the sole source

Level generally lower than its hydrocodone source 
and below detection if only codeine was ingested

Oxycodone Oxymorphone
Noroxycodone

Oxycodols and their respective oxide

Morphine
Hydromorphone (minor)
Morphine-3-glucuronide 
Morphine-6-glucuronide 

Normorphine

If codeine to morphine ratio < 6, codeine is likely not 
the sole source

Level generally lower than its hydrocodone source 
and below detection if only codeine was ingested

Methadone
2-Ethylidene-1, 5-dimethyl-3, 3-diphenylpyrrolidine

2-Ethyl-5-methyl-3, 3-diphenylpyrrolidine

Hydromorphone Dihydromorphine
Hydromorphone-3-glucuronide Level generally lower than its hydrocodone source 

and below detection if only codeine was ingested

Oxymorphone Oxymorphone-3-gluucornide
Oxymorphol

Codeine

Hydrocodone (minor)
Norcodeine
Morphine

If codeine to hydrocodone ratio < 10, codeine is not 
the sole source

If codeine to morphine ratio < 6, codeine is likely not 
the sole source

Level generally lower than its hydrocodone source 
and below detection if only codeine was ingested

Propoxyphene Norpropoxyphene

Fentanyl Norfentanyl

Tramadol O-desmethyl-tramadol
Nortramadol

Butorphanol Hydroxybutorphanol
Norbutorphanol

Buprenorphine Norbuprenorphine
Norbuprenorphine-3-glucuronide

Buprenorphine-3-glucuronide

Heroin Morphine
Codeine (contaminant)
6-Monoacetylmorphine 

Source: Manchikanti L, et al. Protocol for accuracy of point of care (POC) or in-office urine drug testing (Immunoassay) in chronic pain patients: 
A prospective analysis of immunoassay and liquid chromatography tandem mass spectometry (LC/MS/MS). Pain Physician 2010; 13:E1-E22 (49).
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metabolism of codeine, while it occurs in the major-
ity of patients to morphine, a minority of patients are 
unable to make this metabolic conversion in the liver, 
due to a genetic deficiency of the cytochrome P-450 
2D6 enzyme (201). In some cases this is because the pa-
tient is taking a medication with significant 2D6-inhib-
iting properties such as fluoxetine or paroxetine (202). 
Generally it has not been assumed that hydromor-
phone is a metabolite of morphine in humans (203), 
even though it has been found in several animal spe-
cies given morphine (204). However, it has been dem-
onstrated that hydromorphone might also be a minor 
metabolite of morphine in humans (205). In the past, 
it has been misconstrued that the presence of hydro-
morphone in patients taking morphine is an indication 
that the patient was either taking hydromorphone or 
hydrocodone (206). Further, one study (197) also dem-
onstrated that hydromorphone was present in 21 of 
32 cases (66%), and all patients were without a his-
tory of aberrant drug behavior. Positive cases occurred 
more frequently in women in those taking higher dai-
ly doses of morphine, and in those with higher urine 
morphine concentrations. 

3.4 Diagnostic Accuracy 
Diagnostic accuracy evaluations comparing immu-

noassay testing with chromatography have not been 
performed frequently in a prospective manner; however, 
there are multiple reports with retrospective evaluations. 
Manchikanti et al (207) prospectively studied the diag-
nostic accuracy of POC testing with immunoassay, com-
paring it with laboratory testing with chromatography 
in 1,000 patients. Compared with laboratory testing for 
opioids and illicit drugs, immunoassay in-office testing at 
high specificity and agreement, but variable sensitivity, 
demonstrates the value of immunoassay drug testing, 
but a cautious approach is advocated. Agreement for 
prescribed opioids was high with the index test (80.4%). 
The reference test of opioids improved the accuracy by 
8.9% from 80.4% to 89.3%.  Overall, results showed a 
necessity for 32.9% of the specimens to be sent for a ref-
erence test confirmation due to either abnormal opioid 
or illicit drug results. The abnormal specimens of patients 
receiving opioids improved the accuracy by 8.9% from 
80.4% to 89.3%; for illicit drugs, the index test false-
positive rate was 0% for cocaine, whereas it was 2% for 
marijuana, 0.9% for amphetamines, and 1.2% for meth-
amphetamines. There was only a slight improvement in 
the accuracy data with laboratory intervention utilizing 
chromatography. 

3.5 Identification of Adulteration or 
Subversion in Urine Drug Testing

Ensuring the validity of UDT is an important aspect 
of the evaluation of a chronic pain patient. Shortcom-
ings of UDT include both false-positive and false-nega-
tive results. Federal programs have a number of safe-
guards in place in order to minimize laboratory errors. 
Consequently, for purposes of federally regulated drug 
testing, interpretation of a positive drug test requires 
a special expertise. Sadly, a number of modalities are 
available to defeat the purpose of UDT. The simple 
strategies to defeat UDT rely on dilution of the sample 
to lower the concentration of the drug in the urine 
specimen to a level below what it takes for a test to be 
reported as positive or stating that they have been pass-
ing too much urine. Facilities for detection of diuretics 
are not available in chronic pain management settings. 
Further, acute water intoxication has been reported as 
a complication of UDT in the workplace (208). 

In chronic pain management settings, it is also pos-
sible for the urine specimen to be substituted. Multiple 
products are also available on the internet including 
freeze dried clean urine that can be reconstituted. De-
vices such as the “Urinator” allow these products to be 
quickly reconstituted and warmed to body temperature 
for delivery by a tube hidden in the clothing in both 
male and female donors. These can be hidden during 
casually observed collection. In extreme cases, it has 
been reported that people even use a prosthetic penis, 
catheterize themselves and instill someone else’s urine, 
and adulterate urine by “Urine Luck” (209). Some in vi-
tro adulterants act by interfering with the immunoas-
say detection, whereas others convert the target drug 
to compounds that do not bind to the antibodies used 
in the immunoassays or that produce negative results 
in subsequent confirmation testing (210). Commercial 
products are available to assist an individual in “pass-
ing a drug test.” “Urinaid” was one of the earliest 
products, with an active ingredient of glutaraldehyde, 
which interfered with screening immunoassays by pro-
ducing final absorbance rate readings that were lower 
than those true-negative urine samples (211). 

Use of niacin also has been described to use to 
defeat UDT (212). No scientific evidence indicates 
that taking niacin can alter a urine drug test result. 
However, readily accessible information on the inter-
net lists ingestion of niacin as a way to prevent de-
tection of THC, the main psychoactive ingredient of 
marijuana. 
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4.0 Practical Aspects 

In clinical settings, UDT is utilized for compli-
ance, as well as forensic testing to monitor thera-
peutic activity, misuse, and illegal drug use (76,103-
108,110,111,213,214). Consequently, the initial and 
confirmatory testing levels, as well as the number 
of drugs tested, can be customized and are usually 
different from those evaluated under federal testing 
programs.

Drug screening can be an important tool to ensure 
patient compliance with prescription regimens. Drug 
screening or testing can be effectively performed in 
the physician’s office using point of care (POC) urine 
(dipstick immunoassay) testing. However, practitio-
ners using POC testing need to be aware of whether 
the system used is compliant with methods and as-
surances established by the Clinical Laboratory Im-
provement Advisory Committee (CLIAC). A Clinical 
Laboratory Improvement Amendments (CLIA) waiver 
is required to perform certain tests including urine 
immunoassay. Only immunoassay tests for certain 
drugs are CLIA waived, and these may be performed 
in the office only if and when a certificate of waiver 
is first obtained by the physician or facility. Generally 
these tests do not require extensive training for of-
fice personnel. 

UDT has become the standard of care for patients 
on controlled substances; however, the relative value 
of in-office screening and laboratory confirmation of 
those tests is sometimes unclear or controversial for 
physicians. The POC manufacturers recommend that 
their test needs to be confirmed; however, advan-
tages and cost benefits have not been evaluated and 
confirmed independently. 

Of particular concern to clinicians in this context 
of UDT is that the cost of UDT in the office, followed 
by a confirmatory test, can be expensive, with costs 
ranging from $250 to $1,400 (49,51,68,69,110,111, 
215). The Centers for Medicare and Medicaid Services 
(CMS) have recently changed codes for UDT from the 
old code (80101) used by pain physicians to a new 
code (G0431) effective January 10, 2010 (215). This 
action has been taken by CMS due to excessive use of 
UDT and abuse (49,51,68,69,110,111). While the ear-
lier code included chromatographic methods and its 
descriptions, the new G-code descriptor states, “drug 
screen, qualitative; single drug class method (e.g., 
immunoassay, enzyme assay), each drug class” and 
excluded chromatography (216). This has caused sig-
nificant discussion, debate, and problems for many of 

the physicians who depend on the extra income and 
also the manufacturers of POC sets and laboratories. 

At present, there are no validated studies to 
evaluate the diagnostic accuracy, value, and valid-
ity of UDT in POC settings compared to laboratory 
settings.

5.0 An Algorithmic Approach for Urine 
Drug Testing  

An algorithmic approach is developed based on 
evidence; however, for UDT including accuracy, valid-
ity, and cost effectiveness, there continues to be a pau-
city of evidence (1,207,213-223). Even so, UDT is one of 
the simplest and least invasive approaches to biologi-
cal sample screening in analyzing for drugs and their 
metabolic products, when cost effective appropriate 
principles are utilized. 

A step-wise process for UDT may be performed as a 
baseline measure of risk, as well as monitoring for com-
pliance. UDT must be performed utilizing appropriate 
principles and the results must be interpreted based on 
available scientific evidence.  

5.1 Baseline Urine Drug Testing 
UDT is helpful in establishing the reliability of pa-

tients’ reported substance use. It is becoming more and 
more frequent that many physicians, specifically in pain 
management settings, believe that UDT should be used 
routinely to establish baseline information regardless 
of how much information is available from physicians, 
prescription monitoring programs, and other sources. 
The advantage of a universal approach is that all pa-
tients are treated in a similar fashion, thus making it a 
routine part of the evaluation, the same as measuring 
blood pressure or other vital signs, and destigmatizes 
the drug testing itself. Because of the cost, some be-
lieve that it must be selective, whereas others believe 
that it should be universal and that not only POC testing 
should be done, but lab testing must also be included. 
The majority of patients might have predicted results 
while some will have unexpected results. A discussion 
may be carried out with the patient and a repeat test 
may be planned with immunoassay in an office setting 
with the next visit. The only indication for laboratory 
testing is a patient’s denial and insistence on proof. It is 
important in modern settings to perform baseline drug 
testing since a large proportion of patients (> 90%) 
have been exposed to opioids and other controlled sub-
stances prior to arriving at interventional pain manage-
ment or pain medicine settings. 
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5.2  Monitoring for Compliance
In the therapeutic phase of chronic pain manage-

ment, either during the initiation, titration, or mainte-
nance of opioid treatment, UDT can be useful in de-
tecting non-compliance, unauthorized drug use, doctor 
shopping, and diversion. Multiple investigators have 
studied the importance of UDT and adherence monitor-
ing. They found positive evidence for reducing prescrip-
tion drug abuse, as well as illicit drug use (16).  

There is no evidence to guide physicians on identi-
fying chronic pain patients who should have UDT and 
how often. Multiple descriptions have been provided. 
Some recommendations include patients’ risks for opi-
oid misuse and addiction and aberrant drug-related 
behaviors. 

A practical approach would include baseline drug 
testing, if appropriate; initiation of opioid therapy and 
compliance monitoring within one to 3 months after 
baseline monitoring; and routine, random monitoring 
approximately every 6-12 months or so, with provision 
for monitoring for unexpected results, complaints, or 
behavior patterns. 

Thus, the majority of patients will receive a base-
line test, initiation of the compliance test, and one year 
monitoring within the first 15 months or so. After that, 
if the patient is continuing with a pain management 
program, testing will only be required once a year. 
However, patients with abnormal results will require 
more frequent testing based on the results and the phi-
losophy of the prescribing physician.

5.3  Interpretation of the Results
Appropriate interpretation of the results is crucial. 

UDT can only assist clinic decision-making; it should not 
be considered as definitive. There are new multiple 
limitations and restrictions on interpreting UDT. Thus, a 
thorough knowledge and full patient history are essen-
tial, including an appropriately collected sample and 
prevention of tampering. Other limitations include the 
gaming of the system, where patients know when the 
evaluation will be performed, thus they alter their drug 
utilization. However, abnormal or unexpected results 
should be interpreted with caution. In general, 5 sce-
narios can be faced when interpreting UDT results:  
1)	 UDT positive for prescribed drugs and negative for 

any other drugs –illicit or licit; 
2)	 UDT negative for prescribed opioid; 
3)	 UDT positive for non-prescribed opioid or 

benzodiazepines; 
4)	 UDT positive for illicit drugs; 

5)	 UDT specimen tampered with low urine creatinine 
or cold urine sample. 

5.3.1  Normal Urine Drug Testing Result
This result illustrates appropriate intake of the pro-

vided medication and lack of intake of any other drugs. 
In these situations, a patient may be tested with the 
usual testing of initiation of compliance monitoring 
and once a year with 3 tests performed during the first 
15 months and once each year later on.  

5.3.2 Urine Drug Testing Negative for Prescribed 
Opioid

Potential explanations for such a result include 
non-compliance with irregular intake of opioids, diver-
sion, or false/negative results.  

Appropriate action would be repeating the test 
using laboratory testing for specific drugs of interest, 
along with a history regarding non-compliance and di-
version, more stringent compliance monitoring includ-
ing frequent pill counts, fewer pills prescribed with each 
prescription, and discussion of possible termination of 
opioid therapy with future repeated negative UDT. 

5.3.3 Urine Drug Testing Positive for Non-
Prescribed Opioid or Benzodiazepines

The explanation would be either the results are 
false-positive or the patient acquired opioids from oth-
er sources or doctor shopping.  

In such cases, UDT may be repeated with immuno-
assay and confirmed with the laboratory. Prescription 
drug monitoring program record can be obtained or 
pharmacies and physicians may be contacted to verify 
if the patient has actually received other opioids from 
different providers. If so, patient education and reitera-
tion of opioid agreement with the patient are appro-
priate. Another possibility would be that the patient 
might have received certain benzodiazepines as pre-
operative sedative measures, which could be confirmed 
from taking a thorough history.

5.3.4 Urine Drug Testing Positive for Illicit Drugs
Illicit drugs are used by approximately 10% of pa-

tients in chronic pain management settings. The pos-
sibilities of such a result include that the patient might 
have occasionally used or is a frequent user, or is ad-
dicted to the illicit drug. It is well accepted that patients 
who use illicit drugs are at increased risk for opioid 
misuse, abuse and diversion. Therefore, such patients 
should be informed and advised that continued illicit 
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drug usage is incompatible with opioid therapy.
The appropriate action would be to reiterate opioid 

agreement with the patient, to inform the patient that 
continued illicit drug use prohibits opioid therapy, to re-
peat UDT with confirmation test on a regular basis, and 
failure to comply with this would result in termination of 
opioid therapy.  

However, there is a difference of thresholds held by 
different practices, which results in different practice phi-
losophies that dictate the level of tolerance when faced 
with such actions, i.e., “one chance” or “zero tolerance.”

5.3.5 Sample Tampering
Initially, all explanations should be ruled out. Almost 

all explanations are incriminating – either the patient add-
ed water to the sample, or there was a delay in handling 
the sample, which is unusual.  

Appropriate actions include repeat UDT with a super-
vised collection. Appropriate steps also include appropriate 
history and education. 

At all steps, other tools of adherence monitoring must 
be utilized, including inquiries with doctors, pharmacies, 
and drug monitoring programs. Meanwhile, a physician 
should also pay attention to the information provided by 
insurers with duplicate prescriptions and insurer’s issues re-
lated to excessive use or inappropriate use of drugs.  

Figure 1 illustrates the algorithmic steps in UDT. 

5.4 Managing Patients with Abnormal Urine 
Drug Testing

When a physician is presented with abnormal results 
in a patient, appropriate action must be taken. The ac-
tion does not mean zero tolerance and discharging each 
and every patient, however, the physician has to look into 
various other issues related to perceived or actual abuse 
based on undertreatment of pain, opioid hyperalgesia, 
worsening disease process, and onset of new problems. 
A patient may still be continued and managed with in-
terventional techniques without controlled substances if 
it becomes essential to do so. Interventional techniques 
have been shown to be effective in chronic pain, and 
also might reduce the dosage, multiple side effects, etc. 
(75,112-128,132,133,224-226).

6.0 Conclusion

In general, a diagnosis of drug abuse should never 
be made based on the results of urine toxicology alone. 

It should be considered within the context of aber-
rant medication use, drug-seeking behaviors, and 
unimproved or declining function (49,69). Despite 
their limitations, UDTs provide additional informa-
tion beyond behavioral monitoring

UDT represents a useful adjunctive testing 
mechanism that should be strongly considered in 
tandem with other forms of patient monitoring, 
such as regular follow-up visits, behavioral observa-
tion, risk assessment, and reviewing prior history of 
addiction or substance abuse. While its role should 
not be overstated, physicians should avoid making 
judgments about patient compliance based solely on 
the results of a urine test. Urine testing is currently 
underutilized in the clinical setting and should be 
considered part of an integrated drug compliance 
regimen (51).

Based on the recent results of the diagnostic ac-
curacy of urine drug testing, in a worst case scenar-
io, it appears that one would have to send 32.9% 
of patients specimens to the lab because of abnor-
mal results; however, utilizing a common sense ap-
proach, this can be reduced substantially to 20% or 
lower, which will save substantial amounts of health 
care expenses. Each time a physician orders a drug 
test from the lab, he or she should realize that the 
cost of this is going to be higher than the cost of 
most of the interventional techniques we will be 
performing on these patients.

The future of UDT compliance and adherence 
monitoring of opioids depends on appropriate use 
based on evidence-based medicine principles. It is 
essential to evaluate the appropriate literature 
based on principles of evidence-based medicine and 
comparative effectiveness research, first and fore-
most showing the effectiveness of opioids, followed 
by studies illustrating the accuracy and value of any 
compliance monitoring, including UDT (217-221). 

Acknowledgments

The authors wish to thank Bert Fellows, MA, 
and Tom Prigge, MA for manuscript review, and 
Tonie M. Hatton and Diane E. Neihoff, transcription-
ists, for their assistance in preparation of this manu-
script. We would like to thank the editorial board of 
Pain Physician for review and criticism in improving 
the manuscript.



Urine Drug Testing in Chronic Pain

www.painphysicianjournal.com 	 137

References

1.	 Manchikanti L, Fellows B, Ailinani H, 
Pampati V. Therapeutic use, abuse, 
and nonmedical use of opioids: A ten-
year perspective. Pain Physician 2010; 
13:401-435.

2.	 Manchikanti L, Singh A. Therapeutic 
opioids: A ten year perspective on the 
complexities and complications of the 
escalating use, abuse, and non-med-
ical use of opioids and other psycho-
therapeutics. Pain Physician 2008; 11:
S63-S88.

3.	 Manchikanti L. National drug control 
policy and prescription drug abuse: 
Facts and fallacies. Pain Physician 
2007; 10:399-424.

4.	 Okie S. A flood of opioids, a rising 
tide of deaths. New Engl J Med 2010; 
363:1981-1985.

5.	 Trescot AM, Helm S, Hansen H, Benya-
min R, Glaser SE, Adlaka R, Patel S, 
Manchikanti L. Opioids in the manage-
ment of chronic non-cancer pain: An 
update of the American Society of In-
terventional Pain Physicians’ (ASIPP) 
guidelines. Pain Physician 2008; 11:S5-
S62.

6.	 Bollinger LC, Bush C, Califano JA, 
Chenault KI, Curtis JL, Dimon J, Dolan 
PR, Ganzi VF, Fisher M, Kelmenson LA, 
Keough DR, Kessler DA, Malloy EA, Pa-
checo MT, Plumeri II JJ, Redstone SE, 
Rosenwald Jr EJ, Schulhof MP, Sulli-
van LW, Sweeney JJ, Wiener MA. Under 
the counter. The diversion and abuse 
of controlled prescription drugs in the 
U.S. The National Center on Addic-
tion and Substance Abuse at Colum-
bia University (CASA), July 2005. www.
casacolumbia.org/articlefiles/380-
U n d e r % 2 0 t h e % 2 0 C o u n t e r % 2 0 -
%20Diversion.pdf.

7.	 Substance Abuse and Mental Health 
Services Administration. (2007). Re-
sults from the 2006 National Sur-
vey on Drug Use and Health: Nation-
al Findings. (Office of Applied Studies, 
NSDUH Series H-32, DHHS Publica-
tion No. SMA 07-4293). Rockville, MD. 
www.oas.samhsa.gov 

8.	 Zacny J, Bigelow G, Compton P, Foley K, 
Iguchi M, Sannerud C. College on Prob-
lems of Drug Dependence task force on 
prescription opioid non-medical use 
and abuse: Position statement. Drug 
Alcohol Depend 2003; 69:215-232.

9.	 Federation of State Medical Boards. 
Model Policy for the Use of Controlled 
Substances for the Treatment of Pain. 
May 2004. www.fsmb.org/pdf/2004_

grpol_ Controlled_Substances.pdf.
10.	 Kalso E, Edwards E, Moore RA, McQuay, 

H. Opioids in chronic noncancer pain: A 
systematic review of efficacy and safe-
ty. Pain 2004; 112:372-380.

11.	 Chou R, Huffman L. Use of Chronic Opi-
oid Therapy in Chronic Noncancer Pain: 
Evidence Review. American Pain Soci-
ety, Glenview, IL, 2009.

	 www.ampainsoc.org/pub/pdf/Opioid_
Final_Evidence_Report.pdf 

12.	 Chapman CR, Lipschitz DL, Angst MS, 
Chou R, Denisco RC, Donaldson GW, 
Fine PG, Foley KM, Gallagher RM, Gilson 
AM, Haddox JD, Horn SD, Inturrisi CE, 
Jick SS, Lipman AG, Loeser JD, Noble M, 
Porter L, Rowbotham MC, Schoelles KM, 
Turk DC, Volinn E, Von Korff MR, Web-
ster LR, Weisner CM. Opioid pharmaco-
therapy for chronic non-cancer pain in 
the United States: A research guideline 
for developing an evidence-base. J Pain 
2010; 11:807-829.

13.	 National Opioids Use Guideline Group 
(NOUGG). Canadian guidelines for safe 
and effective use of opioids for chron-
ic non-cancer pain, Version 5.6. April 
2010.

	 www.nationalpaincentre.mcmaster.ca/
documents/opioid_guideline_part_b_
v5_6.pdf.

14.	 Manchikanti L, Benyamin R, Datta S, 
Vallejo R, Smith HS. Opioids in chronic 
noncancer pain. Expert Rev Neurother 
2010; 10:775-789.

15.	 Manchikanti L, Cash KA, Damron KS, 
Manchukonda R, Pampati V, McManus 
CD. Controlled substance abuse and il-
licit drug use in chronic pain patients: 
An evaluation of multiple variables. 
Pain Physician 2006; 9:215-226.

16.	 Manchikanti L, Manchukonda R, Dam-
ron KS, Brandon D, McManus CD, Cash 
KA. Does adherence monitoring reduce 
controlled substance abuse in chron-
ic pain patients? Pain Physician 2006; 
9:57-60.

17.	 Manchikanti L, Manchukonda R, Pam-
pati V, Damron KS. Evaluation of abuse 
of prescription and illicit drugs in chron-
ic pain patients receiving short-acting 
(hydrocodone) or long-acting (meth-
adone) opioids. Pain Physician 2005; 
8:257-261.

18.	 QuickStats: Motor-Vehicle Traffic* and 
Poisoning† Death Rates§, by Age --- 
United States, 2005-2006. Morbidity 
and Mortality Weekly Report (MMWR). 
July 17, 2009; 58:753.

19.	 Manchikanti L, Damron KS, McManus 
CD, Barnhill RC. Patterns of illicit drug 
use and opioid abuse in patients with 
chronic pain at initial evaluation: A 
prospective, observational study. Pain 
Physician 2004; 7:431-437.

20.	 Manchikanti L, Damron KS, Pampati V, 
McManus CD, Weaver SE. Prospective 
evaluation of patients with increas-
ing opiate needs: Prescription opiate 
abuse and illicit drug use. Pain Physi-
cian 2004; 7:339-344.

21.	 Chelminski PR, Ives TJ, Felix KM, Prak-
ken SD, Miller TM, Perhac JS, Malone 
RM, Bryant ME, DeWalt DA, Pignone 
MP. A primary care, multi-disciplinary 
disease management program for opi-
oid-treated patients with chronic non-
cancer pain and a high burden of psy-
chiatric comorbidity. BMC Health Serv 
Res 2005; 5:3.

22.	 Katz NP, Sherburne S, Beach M, Rose 
RJ, Vielguth J, Bradley J, Fanciullo GJ. 
Behavioral monitoring and urine tox-
icology testing in patients receiving 
long-term opioid therapy. Anesth Analg 
2003; 97:1097-1102.

23.	 Katz NP, Adams EH, Benneyan JC, Birn-
baum HG, Budman SH, Buzzeo RW, 
Carr DB, Cicero TJ, Gourlay D, Inciardi 
JA, Joranson DE, Kesslick J, Lande SD. 
Foundations of opioid risk manage-
ment. Clin J Pain 2007; 23:103-118.

24.	 National Institute on Drug Abuse. NIDA 
InfoFacts: National trends. Revised 
2004. www.nida.nih.gov/ infofacts/na-
tiontrends.html.

25.	 Substance Abuse and Mental Health 
Services Administration. (2009). Re-
sults from the 2008 National Survey on 
Drug Use and Health: National Findings 
(Office of Applied Studies, NSDUH Se-
ries H-36, DHHS Publication No. SMA 
09-4434). Rockville, MD. 

26.	 Substance Abuse and Mental Health 
Services Administration (2006). Re-
sults from the 2005 National Survey 
on Drug Use and Health: National Find-
ings. (Office of Applied Studies, NS-
DUH Series H-30, DHHS Publication 
No. SMA 06-4194). Rockville, MD. 

27.	 Substance Abuse and Mental Health 
Services Administration (2005). Over-
view of Findings from the 2004 Nation-
al Survey on Drug Use and Health. (Of-
fice of Applied Studies, NSDUH Series 
H-27, DHHS Publication No. SMA 05-
4061). Rockville, MD. 

28.	 Substance Abuse and Mental Health 
Services Administration (2004). Over-



Pain Physician: March/April 2011; 14:123-143

138 	 www.painphysicianjournal.com

view of Findings from the 2003 Nation-
al Survey on Drug Use and Health. (Of-
fice of Applied Studies, NSDUH Series 
H-24, DHHS Publication No. SMA 04-
3963). Rockville, MD. 

29.	 Substance Abuse and Mental Health 
Services Administration, Office of Ap-
plied Studies. Drug Abuse Warning 
Network, 2007: National Estimates of 
Drug-Related Emergency Department 
Visits. Rockville, MD, 2010. 

30.	 Drug Abuse Warning Network, 2004: 
National Estimates of Drug-Related 
Emergency Department Visits DAWN 
Series D-28, DHHS Publication No. 
(SMA) 06-4143, Rockville, MD, April 
2006. 

31.	 Drug Abuse Warning Network, 2003: 
Interim National Estimates of Drug-re-
lated Emergency Department Visits 
DAWN Series D-26, DHHS Publication 
No. (SMA) 04-3972, Rockville, MD, De-
cember 2004. 

32.	 US Department of Health and Human 
Services. Office of Applied Studies, 
Substance Abuse and Mental Health 
Services Administration (SAMHSA). 
Drug Abuse Warning Network. The 
DAWN Report. Narcotic analgesics, 
2002 update. September 2004.

33.	 US Department of Health and Human 
Services. Office of Applied Studies, 
Substance Abuse, and Mental Health 
Services Administration (SAMHSA). 
Drug Abuse Warning Network. The 
DAWN Report. Benzodiazepines in 
drug abuse-related emergency depart-
ment visits, 1995-2002. April 2004.

34.	 Substance Abuse and Mental Health 
Services Administration, Office of Ap-
plied Studies. Drug Abuse Warning 
Network, 2006: National Estimates of 
Drug-Related Emergency Department 
Visits. DAWN Series D-30, DHHS Pub-
lication No. (SMA) 08-4339, Rockville, 
MD, 2008.

35.	 Paulozzi LJ, Budnitz DS, Xi Y. Increas-
ing deaths from opioid analgesics in 
the United States. Pharmacoepidemiol 
Drug Saf 2006; 15:618-627.

36.	 Fingerhut LA. Increases in poisoning 
and methadone-related deaths: United 
States, 1999-2005. Health E-Stats. Na-
tional Center for Health Statistics; Feb-
ruary 2008. www.cdc.gov/nchs/data/
hestat/poisoning/poisoning.pdf.

37.	 Centers for Disease Control and Pre-
vention (CDC). Prescription drug over-
dose: State health agencies response 
(2008). www.cdc.gov/HomeandRec-
reationalSafety/pubs/RXReport_web-
a.pdf.

38.	 Centers for Disease Control and Pre-
vention (CDC). Unintentional drug poi-
soning in the United States. July 2010. 

	 www.cdc.gov/HomeandRecreational-
Safety/pdf/poison-issue-brief.pdf 

39.	 Wunsch MJ, Nakamoto K, Behonick G, 
Massello W. Opioid deaths in rural Vir-
ginia: A description of the high preva-
lence of accidental fatalities involving 
prescribed medications. Am J Addict 
2009; 18:5-14.

40.	 Centers for Disease Control and Pre-
vention (CDC). Nonpharmaceutical fen-
tanyl-related deaths--multiple states, 
April 2005-March 2007. MMWR Morb 
Mortal Wkly Rep 2008; 57:793-796.

41.	 Hall AJ, Logan JE, Toblin RL, Kaplan JA, 
Kraner JC, Bixler D, Crosby AE, Paulozzi 
LJ. Patterns of abuse among uninten-
tional pharmaceutical overdose fatali-
ties. JAMA 2008; 300:2613-2620.

42.	 Manchikanti KN, Manchikanti L, Dam-
ron KS, Pampati V, Fellows B. Increas-
ing deaths from opioid analgesics in 
the United States: An evaluation in an 
interventional pain management prac-
tice. J Opioid Manage 2008; 4:271-
283.

43.	 Warner M, Chen LJ, Makuc DM. Increase 
in fatal poisonings involving opioid an-
algesics in the United States, 1999--
2006. Hyattsville, MD: National Center 
for Health Statistics; 2009. NCHS data 
brief, no 22.

44.	 Centers for Disease Control and Pre-
vention (CDC). Overdose deaths involv-
ing prescription opioids among Med-
icaid enrollees - Washington, 2004-
2007. MMWR Morb Mortal Wkly Rep 
2009; 58:1171-1175.

45.	 Paulozzi LJ, Logan JE, Hall AJ, McKin-
stry E, Kaplan JA, Crosby AE. A compari-
son of drug overdose deaths involving 
methadone and other opioid analge-
sics in West Virginia. Addiction 2009; 
104:1541-1548.

46.	 Braden JB, Russo J, Fan MY, Edlund 
MJ, Martin BC, DeVries A, Sullivan MD. 
Emergency department visits among 
recipients of chronic opioid therapy. 
Arch Intern Med 2010; 170:1425-1432.

47.	 Substance Abuse and Mental Health 
Services Administration. (2010). Re-
sults from the 2009 National Survey on 
Drug Use and Health: Volume I. Sum-
mary of National Findings (Office of Ap-
plied Studies, NSDUH Series H-38A, 
HHS Publication No. SMA 10-4586Find-
ings). Rockville, MD.

48.	 Wang J, Christo PJ. The influence of 
prescription monitoring programs on 

chronic pain management. Pain Physi-
cian 2009; 12:507-515.

49.	 Manchikanti L, Malla Y, Wargo B, Cash 
K, Pampati V, Damron K, McManus C, 
Brandon D. Protocol for accuracy of 
point of care (POC) or in-office urine 
drug testing (immunoassay) in chron-
ic pain patients: A prospective analysis 
of immunoassay and liquid chromatog-
raphy tandem mass spectometry (LC/
MS/MS). Pain Physician 2010; 13:E1-
E22.

50.	 Compton, P. The role of urine toxicolo-
gy in chronic opioid analgesic therapy. 
Pain Manag Nurs 2007; 8:166-172

51.	 Pergolizzi J, Pappagallo M, Stauffer J, 
Gharibo C, Fortner N, de Jesus M, Bren-
nan MJ, Richmond C, Hussey D. The 
role of urine drug testing for patients 
on opioid therapy. Pain Pract 2010; 
10:497-507.

52.	 Auret K, Schlug SA. Underutilisation of 
opioids in elderly patients with chron-
ic pain: Approaches to correcting the 
problem. Drugs Aging 2005; 22:641–
654.

53.	 Nafziger AN, Bertino JS. Utility and ap-
plication of urine drug testing in chron-
ic pain management with opioids. Clin J 
Pain 2009; 25:73-79

54.	 Moeller K, Lee KC, Kissack JC. Urine 
drug screening: Practical guide for cli-
nicians. Mayo Clin Proc 2008; 83:66-
76.

55.	 Adams NJ, Plane MB, Fleming MF, 
Mundt MP, Saunders LA, Stauffach-
er EA. Opioids and the treatment of 
chronic pain in a primary care sample. 
J Pain Symptom Manage 2001; 22:791–
796.

56.	 Noble M, Treadwell JR, Tregear SJ, 
Coates VH, Wiffen PJ, Akafomo C, 
Schoelles KM. Long-term opioid man-
agement for chronic noncancer pain. 
Cochrane Database Syst Rev 2010; 
CD006605.

57.	 Trescot AM, Datta S, Glaser S, Sehgal 
N, Hansen H, Benyamin R, Patel S. Ef-
fectiveness of opioids in the treatment 
of chronic non-cancer pain. Pain Physi-
cian 2008; 11:S181-S200.

58.	 Furlan AD, Sandoval JA, Mailis-Gagnon 
A, Tunks E. Opioids for chronic noncan-
cer pain: A meta-analysis of effective-
ness and side effects. Can Med Assoc J 
2006; 174:1589-1594.

59.	 Martell BA, O’Connor PG, Kerns RD, 
Beck WC, Morales KH, Kosten TR, Fiel-
len DA. Systematic review: Opioid 
treatment for chronic back pain: Preva-
lence, efficacy, and association with ad-



Urine Drug Testing in Chronic Pain

www.painphysicianjournal.com 	 139

diction. Ann Intern Med 2007; 146:116-
127.

60.	 Manchikanti L, Ailinani H, Koyyalagun-
ta L, Datta S, Singh V, Eriator I, Seh-
gal N, Shah R, Benyamina RM, Valle-
jo R, Fellows B, Christo PJ. A systemat-
ic review of randomized trials of long-
term opioid management for chronic 
non-cancer pain. Pain Physician 2011; 
14:91-121

61.	 Eriksen J, Sjogren P, Bruera E, Ekholm 
O, Rasmussen NK. Critical issues on 
opioids in chronic non-cancer pain: 
An epidemiological study. Pain 2006; 
125:172-179.

62.	 Noble M, Tregear SJ, Treadwell JR, 
Schoelles K. Long-term opioid therapy 
for chronic noncancer pain: A system-
atic review and meta-analysis of effica-
cy and safety. J Pain Symptom Manage 
2008; 35:214-228.

63.	 Eisenberg E, McNicol E, Carr DB. Opi-
oids for neuropathic pain (review). 
Cochrane Database Syst Rev 2006; 3:
CD006146.

64.	 Deshpande A, Furlan A, Mailis-Gagnon 
A, Atlas S, Turk D. Opioids for chronic 
low back pain (review). Cochrane Data-
base Syst Rev 2007; 3:CD004959.

65.	 Cepeda MS, Camargo F, Zea C, Valen-
cia L. Tramadol for osteoarthritis: A 
systematic review and metaanalysis. J 
Rheumatol 2007; 34:543-555.

66.	 Sandoval JA, Furlan AD, Mailis-Gagnon 
AM. Oral methadone for chronic non-
cancer pain: A systemic literature re-
view of reasons for administration, pre-
scription patterns, effectiveness, and 
side effects. Clin J Pain 2005; 21:503-
512.

67.	 Silverman SM. Opioid induced hyper-
algesia: Clinical implications for the 
pain practitioner. Pain Physician 2009; 
12:679-684.

68.	 Manchikanti L, Singh V, Boswell MV. 
Interventional pain management at 
crossroads: The perfect storm brewing 
for a new decade of challenges. Pain 
Physician 2010; 13:E111-E140.

69.	 Benyamin RM, Datta S, Falco FJE. A per-
fect storm in interventional pain man-
agement: Regulated, but unbalanced. 
Pain Physician 2010; 13:109-116.

70.	 Fishbain DA, Cole B, Lewis J, Rosomoff 
HL, Rosomoff RS: What percentage of 
chronic nonmalignant pain patients ex-
posed to chronic opioid analgesic ther-
apy develop abuse/addiction and/
or aberrant drug-related behaviors? 
A structured evidence-based review. 
Pain Med 2008; 9:444-459.

71.	 Richeimer SH. Are we lemmings going 
off a cliff? The case against the “inter-
ventional” pain medicine label. Pain 
Med 2010; 11:3-5.

72.	 Caraway DL, Kloth D, Hirsch JA, Deer 
TE, Datta S, Helm S. In response to: are 
we lemmings going off a cliff? The case 
against the “interventional” pain med-
icine label. Pain Med 2010; 11:1303-
1304.

73.	 Taylor DR. Reply to Dr. Richeimer’s “are 
we lemmings going off a cliff?” Pain 
Med 2010; 11:1745.

74.	 Gallagher RM. Response to Donald R. 
Taylor on “are we lemmings going off a 
cliff?” Pain Med 2010; 11:1746.

75.	 Manchikanti L, Boswell MV, Singh V, 
Benyamin RM, Fellows B, Abdi S, Bue-
naventura RM, Conn A, Datta S, Derby 
R, Falco FJE, Erhart S, Diwan S, Hayek 
SM, Helm S, Parr AT, Schultz DM, Smith 
HS, Wolfer LR, Hirsch JA. Comprehen-
sive evidence-based guidelines for in-
terventional techniques in the manage-
ment of chronic spinal pain. Pain Physi-
cian 2009; 12:699-802.

76.	 Manchikanti L, Atluri S, Trescot AM, 
Giordano J. Monitoring opioid adher-
ence in chronic pain patients: Tools, 
techniques, and utility. Pain Physician 
2008; 11:S155-S180.

77.	 Manchikanti L, Singh V, Datta S, Cohen 
SP, Hirsch JA. Comprehensive review 
of epidemiology, scope, and impact of 
spinal pain. Pain Physician 2009; 12:
E35-E70.

78.	 Blyth FM. Chronic pain – is it a public 
health problem? Pain 2008; 137:465-
466.

79.	 Breivik H, Collett B, Ventafridda V, Co-
hen R, Gallacher D. Survey of chron-
ic pain in Europe: Prevalence, impact 
on daily life, and treatment. Eur J Pain 
2006; 10:287-333.

80.	 Gureje O. Comorbidity of pain and anx-
iety disorders. Curr Psychiatry Rep 
2008; 10:318-322.

81.	 Eriksen J, Ekholm O, Sjøgren P, Ras-
mussen NK. Development of and recov-
ery from long-term pain. A 6-year fol-
low-up study of a cross-section of the 
adult Danish population. Pain 2004; 
108:154-162.

82.	 Harkness EF, Macfarlane GJ, Silman 
AJ, McBeth J. Is musculoskeletal pain 
more common now than 40 years ago?: 
Two population-based cross-sectional 
studies. Rheumatology (Oxford) 2005; 
44:890-895.

83.	 Freburger JK, Holmes GM, Agans RP, 
Jackman AM, Darter JD, Wallace AS, 

Castel LD, Kalsbeek WD, Carey TS. The 
rising prevalence of chronic low back 
pain. Arch Intern Med 2009; 169:251-
258. 

84.	 Martin BI, Deyo RA, Mirza SK, Turner 
JA, Comstock BA, Hollingworth W, Sul-
livan SD. Expenditures and health sta-
tus among adults with back and neck 
problems. JAMA 2008; 299:656-664. 
Erratum in: JAMA 2008; 299:2630.

85.	 Large RG, Schug SA. Opioids for chron-
ic pain of non-malignant origin—car-
ing or crippling? Health Care Anal 1995; 
3:5-11.

86.	 Manchikanti L, Giordano J, Boswell MV, 
Fellows B, Manchukonda R, Pampati 
V. Psychological factors as predictors 
of opioid abuse and illicit drug use in 
chronic pain patients. J Opioid Manage 
2007; 3:89-100.

87.	 Cone EJ, Caplan YH, Black DL, Robert T, 
Moser F. Urine drug testing of chronic 
pain patients: Licit and illicit drug pat-
terns. J Anal Toxicol 2008; 32:530-543.

88.	 Gourlay DL, Heit HA, Almahrez A. Uni-
versal precautions in pain medicine: A 
rational approach to the treatment of 
chronic pain. Pain Med 2005; 6:107-
112.

89.	 Manchikanti L, Pampati V, Damron KS, 
Beyer CD, Barnhill RC, Fellows B. Prev-
alence of prescription drug abuse and 
dependency in patients with chronic 
pain in western Kentucky. J KY Med As-
soc 2003; 101:511-517.

90.	 Manchikanti L, Damron KS, Beyer CD, 
Pampati V. A comparative evaluation of 
illicit drug use in patients with or with-
out controlled substance abuse in in-
terventional pain management. Pain 
Physician 2003; 6:281-285.

91.	 Manchikanti L, Pampati V, Damron KS, 
Beyer CD, Barnhill RC. Prevalence of il-
licit drug use in patients without con-
trolled substance abuse in interven-
tional pain management. Pain Physi-
cian 2003; 6:173-178.

92.	 Manchikanti L, Damron KS, Pampati V, 
McManus CD. Prevalence of illicit drug 
use among individuals with chron-
ic pain in the Commonwealth of Ken-
tucky: An evaluation of patterns and 
trends. J Ky Med Assoc 2005; 103:55-
62.

93.	 Manchikanti L, Manchukonda R, Pam-
pati V, Damron KS, Brandon DE, Cash 
KA, McManus CD. Does random urine 
drug testing reduce illicit drug use in 
chronic pain patients receiving opi-
oids? Pain Physician 2006; 9:123-129.

94.	 Vaglienti RM, Huber SJ, Noel KR, John-



Pain Physician: March/April 2011; 14:123-143

140 	 www.painphysicianjournal.com

stone RE. Misuse of prescribed con-
trolled substances defined by urinaly-
sis. W V Med J 2003; 99:67-70.

95.	 Michna E, Jamison RN, Pham LD, Ross 
EL, Nedeljkovic SS, Narang S, Palombi 
D, Wasan AD. Urine toxicology screen-
ing among chronic pain patients on 
opioid therapy: Frequency and predict-
ability of abnormal findings. Clin J Pain 
2007; 23:173-179.

96.	 Ives TJ, Chelminski PR, Hammett-Sta-
bler CA, Malone RM, Perhac JS, Potisek 
NM, Shilliday BB, DeWalt DA, Pignone 
MP. Predictors of opioid misuse in pa-
tients with chronic pain: A prospec-
tive cohort study. BMC Health Serv Res 
2006; 6:46.

97.	 Inciardi JA, Surratt HL, Kurtz SP, Cicero 
TJ. Mechanisms of prescription drug di-
version among drug-involved club- and 
street-based populations. Pain Med 
2007; 8:171-183.

98.	 Inciardi JA, Surratt HL, Cicero TJ, Beard 
RA. Prescription opioid abuse and di-
version in an urban community: The re-
sults of an ultrarapid assessment. Pain 
Med 2009; 10:537-548.

99.	 Inciardi JA, Surratt HL, Kurtz SP, Burke 
JJ. The diversion of prescription drugs 
by health care workers in Cincinnati, 
Ohio. Subst Use Misuse 2006; 41:1-10. 

100.	 Inciardi JA, Surratt HL. Research issues 
and experiences in studying prescrip-
tion drug diversion. Paper presented 
at: College on Problems of Drug De-
pendence: Impact of Drug Formulation 
on Abuse Liability, Safety and Regula-
tory Decisions Conference; April 19-20, 
2005; North Bethesda, MD.

101.	 Compton P, Athanasos P. Chronic pain, 
substance abuse and addiction. Nurs 
Clin North Am 2003; 38:525-538.

102.	 Hoffmann NG, Olofsson O, Salen B, 
Wickstrom L. Prevalence of abuse and 
dependency in chronic pain patients. 
Int J Addict 1995; 30:919-927.

103.	 Pesce A, Rosenthal M, West R, West C, 
Crews B, Mikel C, Almazan P, Latyshev 
S. An evaluation of the diagnostic accu-
racy of liquid chromatography-tandem 
mass spectrometry versus immunoas-
say drug testing in pain patients. Pain 
Physician 2010; 13:273-281.

104.	 Pesce A, West C, Rosenthal M, West R, 
Crews B, Mikel C, Almazan P, Latyshev 
S, Horn PS. Marijuana correlates with 
use of other illicit drugs in a pain pa-
tient population. Pain Physician 2010; 
13:283-287.

105.	 West R, Pesce A, West C, Crews B, Mikel 
C, Almazan P, Rosenthal M, Latyshev S. 

Comparison of clonazepam compliance 
by measurement of urinary concentra-
tion by immunoassay and LC-MS/MS 
in pain management population. Pain 
Physician 2010; 13:71-78.

106.	 Passik SD, Kirsh KL, McDonald MV, 
Ahn S, Russak SM, Martin L, Rosen-
feld B, Breitbart WS, Portenoy RK. A pi-
lot survey of aberrant drug-taking atti-
tudes and behaviors in samples of can-
cer and AIDS patients. J Pain Symptom 
Manage 2000; 19:274-286.

107.	 Davstad I, Stenbacka M, Leifman A, 
Beck O, Korkmaz S, Romelsjo A. Pat-
terns of illicit drug use and retention in 
a methadone program: A longitudinal 
study. J Opioid Manag 2007; 3:27-34.

108.	 Havens JR, Oser CB, Leukefeld CG. In-
creasing prevalence of prescription 
opiate misuse over time among rural 
probationers. J Opioid Manage 2007; 
3:107-112.

109.	 Manchikanti L, Manchikanti KN, Pam-
pati V, Cash KA. Prevalence of side ef-
fects of prolonged low or moderate 
dose opioid therapy with concomitant 
benzodiazepine and/or antidepressant 
therapy in chronic non-cancer pain. 
Pain Physician 2009; 12:259-267.

110.	 Gilbert JW, Wheeler GR, Mick GE, Storey 
BB, Herder SL, Richardson GB, Watts E, 
Gyarteng-Dakwa K, Marino BS, Kenney 
CM, Siddiqi M, Broughton PG. Urine 
drug testing in the treatment of chron-
ic noncancer pain in a Kentucky private 
neuroscience practice: The potential 
effect of Medicare benefit changes in 
Kentucky. Pain Physician 2010; 13:187-
194.

111.	 Gilbert JW, Wheeler GR, Mick GE, Sto-
rey BB, Herder SL, Richardson GB, 
Watts E, Gyarteng-Dakwa K, Marino BS, 
Kenney CM, Siddiqi M, Broughton PG. 
Importance of urine drug testing in the 
treatment of chronic noncancer pain: 
Implications of recent Medicare poli-
cy changes in Kentucky. Pain Physician 
2010; 13:167-186. 

112.	 Epter RS, Helm S, Hayek SM, Benyamin 
RM, Smith HS, Abdi S. Systematic re-
view of percutaneous adhesiolysis and 
management of chronic low back pain 
in post lumbar surgery syndrome. Pain 
Physician 2009; 12:361-378.

113.	 Hayek SM, Helm S, Benyamin RM, 
Singh V, Bryce DA, Smith HS. Effective-
ness of spinal endoscopic adhesioly-
sis in post lumbar surgery syndrome: 
A systematic review. Pain Physician 
2009; 12:419-435.

114.	 Falco FJE, Erhart S, Wargo BW, Bryce 

DA, Atluri S, Datta S, Hayek SM. Sys-
tematic review of diagnostic utility and 
therapeutic effectiveness of cervical 
facet joint interventions. Pain Physi-
cian 2009; 12:323-344.

115.	 Datta S, Lee M, Falco FJE, Bryce DA, 
Hayek SM. Systematic assessment of 
diagnostic accuracy and therapeutic 
utility of lumbar facet joint interven-
tions. Pain Physician 2009; 12:437-
460.

116.	 Conn A, Buenaventura R, Datta S, Abdi 
S, Diwan S. Systematic review of cau-
dal epidural injections in the manage-
ment of chronic low back pain. Pain 
Physician 2009; 12:109-135.

117.	 Parr AT, Diwan S, Abdi S. Lumbar inter-
laminar epidural injections in manag-
ing chronic low back and lower extrem-
ity pain: A systematic review. Pain Phy-
sician 2009; 12:163-188.

118.	 Benyamin RM, Singh V, Parr AT, Conn 
A, Diwan S, Abdi S. Systematic review 
of the effectiveness of cervical epidur-
als in the management of chronic neck 
pain. Pain Physician 2009; 12:137-157.

119.	 Buenaventura RM, Datta S, Abdi S, 
Smith HS. Systematic review of ther-
apeutic lumbar transforaminal epidu-
ral steroid injections. Pain Physician 
2009; 12:233-251.

120.	 Manchikanti L, Dunbar EE, Wargo BW, 
Shah RV, Derby R, Cohen SP. System-
atic review of cervical discography as a 
diagnostic test for chronic spinal pain. 
Pain Physician 2009; 12:305-321.

121.	 Manchikanti L, Glaser S, Wolfer L, Derby 
R, Cohen SP. Systematic review of lum-
bar discography as a diagnostic test for 
chronic low back pain. Pain Physician 
2009; 12:541-559.

122.	 Kloth DS, Fenton DS, Andersson GBJ, 
Block JE. Intradiscal electrothermal 
therapy (IDET) for the treatment of dis-
cogenic low back pain: Patient selec-
tion and indications for use. Pain Phy-
sician 2008; 11:659-668.

123.	 Singh V, Manchikanti L, Benyamin RM, 
Helm S, Hirsch JA. Percutaneous lum-
bar laser disc decompression: A sys-
tematic review of current evidence. 
Pain Physician 2009; 12:573-588.

124.	 Singh V, Benyamin RM, Datta S, Falco 
FJE, Helm S, Manchikanti L. Systemat-
ic review of percutaneous lumbar me-
chanical disc decompression utilizing 
Dekompressor. Pain Physician 2009; 
12:589-599.

125.	 Manchikanti L, Derby R, Benyamin RM, 
Helm S, Hirsch JA. A systematic review 
of mechanical lumbar disc decompres-



Urine Drug Testing in Chronic Pain

www.painphysicianjournal.com 	 141

sion with nucleoplasty. Pain Physician 
2009; 12:561-572.

126.	 Hirsch JA, Singh V, Falco FJE, Benya-
min RM, Manchikanti L. Automated 
percutaneous lumbar discectomy for 
the contained herniated lumbar disc: 
A systematic assessment of evidence. 
Pain Physician 2009; 12:601-620.

127.	 Frey ME, Manchikanti L, Benyamin RM, 
Schultz DM, Smith HS, Cohen SP. Spi-
nal cord stimulation for patients with 
failed back surgery syndrome: A sys-
tematic review. Pain Physician 2009; 
12:379-397.

128.	 Patel VB, Manchikanti L, Singh V, Schul-
tz DM, Hayek SM, Smith HS. Systematic 
review of intrathecal infusion systems 
for long-term management of chronic 
non-cancer pain. Pain Physician 2009; 
12:345-360.

129.	 Manchikanti L, Boswell MV, Singh V, 
Derby R, Fellows B, Falco FJE, Datta S, 
Smith HS, Hirsch JA. Comprehensive 
review of neurophysiologic basis and 
diagnostic interventions in manag-
ing chronic spinal pain. Pain Physician 
2009; 12:E71-E120.

130.	 Manchikanti L, Boswell MV, Datta S, Fel-
lows B, Abdi S, Singh V, Benyamin RM, 
Falco FJE, Helm S, Hayek S, Smith HS. 
Comprehensive review of therapeutic 
interventions in managing chronic spi-
nal pain. Pain Physician 2009; 12:E123-
E198.

131.	 Manchikanti L, Datta S, Derby R, Wolf-
er LR, Benyamin RM, Hirsch JA. A criti-
cal review of the American Pain Society 
clinical practice guidelines for interven-
tional techniques: Part 1. Diagnostic in-
terventions. Pain Physician 2010; 13:
E141-E174.

132.	 Manchikanti L, Datta S, Gupta S, Mung-
lani R, Bryce DA, Ward SP, Benyamin 
RM, Sharma ML, Helm II S, Fellows B, 
Hirsch JA. A critical review of the Ameri-
can Pain Society clinical practice guide-
lines for interventional techniques: 
Part 2. Therapeutic interventions. Pain 
Physician 2010; 13:E215-E264.

133.	 Gerges FJ, Lipsitz SR, Nedeljkovic SS. 
A systematic review on the effective-
ness of the nucleoplasty procedure for 
discogenic pain. Pain Physician 2010; 
13:117-132.

134.	 Manchikanti L, Falco FJE, Boswell MV, 
Hirsch JA. Facts, fallacies, and politics 
of comparative effectiveness research: 
Part 1. Basic considerations. Pain Phy-
sician 2010; 13:E23-E54.

135.	 Manchikanti L, Falco FJE, Boswell MV, 
Hirsch JA. Facts, fallacies, and politics 

of comparative effectiveness research: 
Part 2. Implications for intervention-
al pain management. Pain Physician 
2010; 13:E55-E79.

136.	 Deyo RA, Mirza SK, Turner JA, Martin BI. 
Overtreating chronic back pain: Time to 
back off? J Am Board Fam Med 2009; 
22:62-68.

137.	 Manchikanti L, Pampati V, Boswell MV, 
Smith HS, Hirsch JA. Analysis of the 
growth of epidural injections and costs 
in the Medicare population: A compara-
tive evaluation of 1997, 2002, and 2006 
data. Pain Physician 2010; 13:199-212.

138.	 Manchikanti L, Pampati V, Singh V, Bo-
swell MV, Smith HS, Hirsch JA. Explo-
sive growth of facet joint interventions 
in the Medicare population in the Unit-
ed States: A comparative evaluation of 
1997, 2002, and 2006 data. BMC Health 
Serv Res 2010; 10:84.

139.	 Manchikanti L, Singh V, Pampati V, 
Smith HS, Hirsch JA. Analysis of growth 
of interventional techniques in manag-
ing chronic pain in Medicare popula-
tion: A 10-year evaluation from 1997 to 
2006. Pain Physician 2009; 12:9-34.

140.	 Manchikanti L, Hirsch JA. Obama health 
care for all Americans: Practical impli-
cations. Pain Physician 2009; 12:289-
304.

141.	 Deyo RA, Mirza SK. The case for re-
straint in spinal surgery: Does quality 
management have a role to play? Eur 
Spine J 2008; 3:331-337.

142.	 Friedly J, Chan L, Deyo R. Increases in 
lumbosacral injections in the Medicare 
population: 1994 to 2001. Spine (Phila 
Pa 1976) 2007; 32:1754-1760.

143.	 Friedly J, Chan L, Deyo R. Geographic 
variation in epidural steroid injection 
use in Medicare patients. J Bone Joint 
Surg Am 2008; 90:1730-1737.

144.	 Deyo RA, Mirza SK, Martin BI, Kreuter 
W, Goodman DC, Jarvik JG. Trends, ma-
jor medical complications, and charg-
es associated with surgery for lumbar 
spinal stenosis in older adults. JAMA 
2010; 303:1259-1265.

145.	 Weinstein JN, Lurie JD, Olson PR, Bron-
ner KK, Fisher ES. United States’ trends 
and regional variations in lumbar spine 
surgery: 1992-2003. Spine (Phila Pa 
1976) 2006; 31:2707-2714.

146.	 McCrory DC, Turner DA, Patwardhan 
MB, Richardson WL. Spinal fusion for 
degenerative disc disease affecting the 
lumbar spine (draft evidence report/
technology review prepared for the 
Medicare Coverage Advisory Commit-
tee meeting), November, 1, 2006; www.

cms.hhs.gov/determinationprocess/
downloads/id41ta.pdf.

147.	 Deyo RA, Mirza SK. Trends and varia-
tions in the use of spine surgery. Clin 
Orthop Relat Res 2006; 443:139-146.

148.	 US Department of Health and Human 
Services. Office of Inspector Gener-
al (OIG). Medicare Payments for Fac-
et Joint Injection Services (OEI-05-07-
00200). September 2008. 

149.	 US Department of Health and Human 
Services. Office of Inspector Gener-
al (OIG). Inappropriate Medicare Pay-
ments for Transforaminal Epidural In-
jection Services (OEI-05-09-00030). 
August 2010. 

	 www.oig.hhs.gov/oei/reports/oei-05-
09-00030.pdf.

150.	 Report Submitted to Dominion Diag-
nostics by: Allen Dobson, PhD, Steven 
Heath, MPA, Audrey El-Gamil, Joan E. 
DaVanzo, PhD, MSW  from Dobson Da-
Vanzo & Associates, LLC RE: Assessing 
Potential Medicare Savings from Imple-
menting a Change in Payment for Se-
lected Clinical Laboratory Services. July 
10, 2009.

151.	 Evans M, Kriger S, Gunn J, Schwilke G. 
Effective monitoring of opiates in chron-
ic pain patients. Pract Pain Manag 2009; 
9:32-33.

152.	 Keuhn B. Safety plan for opioids meets 
resistance: Opioid-linked deaths. JAMA 
2010; 303:495-497.

153.	 Starrels JL, Becker WC, Alford DP, Ka-
poor A, Williams AR, Turner BJ. System-
atic review: Treatment agreements and 
urine drug testing to reduce opioid mis-
use in patients with chronic pain. Ann 
Intern Med 2010; 152:712-720.

154.	 Reisfield GM, Webb FJ, Bertholf RL, 
Sloan PA, Wilson GR. Family physicians’ 
proficiency in urine drug test interpreta-
tion. J Opioid Manag 2007; 3:333-337.

155.	 Levy S, Harris SK, Sherritt L, Angulo M, 
Knight JR. Drug testing of adolescents in 
ambulatory medicine: Physician practic-
es and knowledge. Arch Pediatr Adolesc 
Med 2006; 160:146-150.

156.	 Bair MJ, Krebs EE. Why is urine drug 
testing not used more often in practice? 
Pain Pract 2010; 10:493-496. 

157.	 Ameritox Ltd., agrees to pay $16.3 mil-
lion to resolve kickback claims asso-
ciated with laboratory testing servic-
es [press release]. United States Attor-
ney’s Office, Middle District of Florida; 
November 16, 2010.

	 www.justice.gov/usao/flm/pr/2010/
nov/20101116_%20Civil%20Ameritox.
pdf



Pain Physician: March/April 2011; 14:123-143

142 	 www.painphysicianjournal.com

158.	 Couto JE, Romney MC, Leider HL, Shar-
ma S, Goldfarb NI. High rates of inap-
propriate drug use in the chronic pain 
population. Popul Health Manag 2009; 
12:185-190.

159.	 Levine MR, Rennie WP. Pre-employ-
ment urine drug testing of hospital em-
ployees: Future questions and review 
of current literature. Occup Environ 
Med 2004; 61:318-324.

160.	 Bray RM, Marsden ME, Rachal JV, Pe-
terson MR. Drugs in the military work-
place: Findings from the 1988 world-
wide survey. NDA Res Monogr 1990; 
100:25-43.

161.	 Reagan R. Executive order 12564. Fed-
eral Register. Vol 51, No. 180. Septem-
ber 17, 1986.

162.	 Osborne R, Joel S, Trew D, Slevin M. 
Morphine and metabolite behavior af-
ter different routes of morphine ad-
ministration: Demonstration of the im-
portance of the active metabolite mor-
phine-6-glucuronide. Clin Pharmacol 
Ther 1990; 47:12-19.

163.	 Bell MD, Murray GR, Mishra P, Calvey 
TN, Weldon BD, Williams NE. Buccal 
morphine–a new route for analgesia? 
Lancet 1985; 1:71-73. 

164.	 Nordberg G, Borg L, Hedner T, Mell-
strand T. CSF and plasma pharmacoki-
netics of intramuscular morphine. Eur J 
Clin Pharmacol 1985; 27:677-681.

165.	 Oxycontin. Thomson Physicians’ Desk 
Reference 61st ed. Thomson, Montvale, 
2007. 

166.	 Murray A, Hagen NA. Hydromorphone. 
J Pain Symptom Manage 2005; 29:S57-
S66.

167.	 Kiang TK, Ensom MH, Chang TK. UDP-
glucuronosyltransferases and clini-
cal drug-drug interactions. Pharmacol 
Ther 2005; 106:97-132.

168.	 Kim RB. Transporters and drug discov-
ery: Why, when, and how. Mol Pharm 
2006; 3:26-32.

169.	 Fakhoury M, Litalien C, Medard Y, Cavé 
H, Ezzahir N, Peuchmaur M, Jacqz-Ai-
grain E. Localization and mRNA expres-
sion of CYP3A and P-glycoprotein in 
human duodenum as a function of age. 
Drug Metab Dispos 2005; 33:1603-
1607.

170.	 Rogers JF, Nafziger AN, Bertino JS Jr. 
Pharmacogenetics affects dosing, effi-
cacy, and toxicity of cytochrome P450-
metabolized drugs. Am J Med 2002; 
113:746-750.

171.	 Kirchheiner J, Schmidt H, Tzvetkov M, 
Keulen JT, Lötsch J, Roots I, Brockmöller 

J. Pharmacokinetics of codeine and its 
metabolite morphine in ultra-rapid me-
tabolizers due to CYP2D6 duplication. 
Pharmacogenomics J 2007; 7:257-265.

172.	 Spear BB, Heath-Chiozzi M, Huff J. Clin-
ical application of pharmacogenetics. 
Trends Mol Med 2001; 7:201-204.

173.	 Hutchinson MR, Menelaou A, Foster DJ, 
Coller JK, Somogyi AA. CYP2D6 and CY-
P3A4 involvement in the primary oxida-
tive metabolism of hydrocodone by hu-
man liver microsomes. Br J Clin Phar-
macol 2004; 57:287-297.

174.	 Totah RA, Allen KE, Sheffels P, Whitting-
ton D, Kharasch ED. Enantiomeric met-
abolic interactions and stereoselective 
human methadone metabolism. J Phar-
macol Exp Ther 2007; 321:389-399.

175.	 Kharasch ED, Hoffer C, Whittington D, 
Sheffels P. Role of hepatic and intesti-
nal cytochrome P450 3A and 2B6 in the 
metabolism, disposition, and miotic 
effects of methadone. Clin Pharmacol 
Ther 2004; 76:250-269.

176.	 Lalovic B, Phillips B, Risler LL, Howald 
W, Shen DD. Quantitative contribution 
of CYP2D6 and CYP3A to oxycodone 
metabolism in human liver and intes-
tinal microsomes. Drug Metab Dispos 
2004; 32:447-454.

177.	 Paar WD, Poche S, Gerloff J, Dengler 
HJ. Polymorphic CYP2D6 mediates O-
demethylation of the opioid analgesic 
tramadol. Eur J Clin Pharmacol 1997; 
53:235-239.

178.	 Subrahmanyam V, Renwick AB, Wal-
ters DG, Young PJ, Price RJ, Tonelli AP, 
Lake BG. Identification of cytochrome 
P-450 isoforms responsible for cis-tra-
madol metabolism in human liver mi-
crosomes. Drug Metab Dispos 2001; 
29:1146-1155.

179.	 Somogyi AA, Barratt DT, Coller JK. Phar-
macogenetics of opioids. Clin Pharma-
col Ther 2007; 81:429-444.

180.	 Bernard JP, Opdal MS, Karinen R, Mør-
land J, Khiabani HZ. Relationship be-
tween methadone and EDDP (2-ethy-
lidene-1,5-dimethyl-3,3-diphenylpyr-
rolidine) in urine samples from Nor-
wegian prisons. Eur J Clin Pharmacol 
2007; 63:777-782.

181.	 Rendic S. Summary of information on 
human CYP enzymes: Human P450 me-
tabolism data. DrugMetab Rev 2002; 
34:83–448. 

182.	 Eap CB, Buclin T, Baumann P. Interin-
dividual variability of the clinical phar-
macokinetics of methadone: Implica-
tions for the treatment of opioid de-

pendence. Clin Pharmacokinet 2002; 
41:1153-1193.

183.	 Hanks GW, Reid C. Contribution to vari-
ability in response to opioids. Support 
Care Cancer 2005; 13:145-152.

184.	 Lotsch J, Skarke C, Liefhold J, Geissling-
er G. Genetic predictors of the clinical 
response to opioid analgesics: Clini-
cal utility and future perspectives. Clin 
Pharmacokinet 2004; 43:983-1013.

185.	 Popa C, Beck O, Brodin K. Morphine 
formation from ethylmorphine: Impli-
cations for drugs-of-abuse testing in 
urine. J Anal Toxicol 1998; 22:142-147.

186.	 Streetman DS, Ellis RE, Nafziger AN, 
Leeder JS, Gaedigk A, Gotschall R, Ke-
arns GL, Bertino JS Jr. Dose depen-
dency of dextromethorphan for cyto-
chrome P450 2D6 (CYP2D6) phenotyp-
ing. Clin Pharmacol Ther 1999; 66:535-
541.

187.	 Lee LS, Nafziger AN, Bertino JS Jr. Eval-
uation of inhibitory drug interactions 
during drug development: Genetic 
polymorphisms must be considered. 
Clin Pharmacol Ther 2005;78:1-6.

188.	 Labroo RB, Paine MF, Thummel KE, 
Kharasch ED. Fentanyl metabolism by 
human hepatic and intestinal cyto-
chrome P450 3A4: Implications for in-
terindividual variability in disposition, 
efficacy, and drug interactions. Drug 
Metab Dispos 1997; 25:1072-1080.

189.	 Chen M, Ma L, Drusano GL, Bertino JS 
Jr, Nafziger AN. Sex differences in CY-
P3A activity using intravenous and oral 
midazolam. Clin Pharmacol Ther 2006; 
80:531-538.

190.	 Wolbold R, Klein K, Burk O, Nüssler AK, 
Neuhaus P, Eichelbaum M, Schwab M, 
Zanger UM. Sex is a major determinant 
of CYP3A4 expression in human liver. 
Hepatology 2003; 38:978-988.

191.	 Leavitt SB, Shinderman M, Maxwell S, 
Eap CB, Paris P. When ‘‘enough’’ is not 
enough: New perspectives on optimal 
methadone maintenance dose. Mt Si-
nai J Med 2000; 67:404-411.

192.	 Deferme S, Augustijns P. The effect of 
food components on the absorption 
of P-gp substrates: A review. J Pharm 
Pharmacol 2003; 55:153-162.

193.	 Manno J. Interpretation of Urinalysis 
Results. In: Hawks RL, Chiang CN (eds). 
NIDA Research Monograph: Urine Test-
ing for Drugs of Abuse. Department of 
Health and Human Services, Rockville, 
1986, pp 54-60.

194.	 Springhouse Corporation. Handbook of 
Diagnostic Tests [2nd ed]. Springhouse 



Urine Drug Testing in Chronic Pain

www.painphysicianjournal.com 	 143

Corporation, Springhouse, 1999.
195.	 Katz N, Fanciullo GJ. Role of urine tox-

icology testing in the management 
of chronic opioid therapy. Clin J Pain 
2002; 18:S76-S82.

196.	 Kahan M, Srivastava A, Wilson L, Gour-
lay D, Midmer D. Misuse of and de-
pendence on opioids: Study of chronic 
pain patients. Can Fam Physician 2006; 
52:1081-1087.

197.	 Wasan AD, Michna E, Janfaza D, Green-
field S, Teter CJ, Jamison RN. Interpret-
ing urine drug tests: Prevalence of mor-
phine metabolism to hydromorphone 
in chronic pain patients treated with 
morphine. Pain Med 2008; 9:918-923. 

198.	 Huestis MA, Mitchell JM, Cone EJ. Low-
ering the federally mandated canna-
binoid immunoassay cutoff increases 
true-positive results. Clin Chem 1994; 
40:729-733.

199.	 Oyler JM, Cone EJ, Joseph RE Jr, Hues-
tis Marcaine. Identification of hydroco-
done in human urine following codeine 
administration. J Analytical Toxicology 
2000; 24:530-535.

200.	 Cone EJ, Caplan YH. Urine toxicology 
testing in chronic pain management. 
Postgrad Med 2009; 121:91-102.

201.	 Miyoshi HR. Systemic non-opioid anal-
gesics. In: Loeser J (ed). Bonica’s Man-
agement of Pain [3rd ed]. Lippincott 
and Williams, Philadelphia, 2001, pp 
1667-1709.

202.	 Janicak PG, Davis JM, Preskorn SH, Ayd 
FJ. Treatment with antidepressants. In: 
Janicak PG, Davis JM, Preskorn SH, Ayd 
FJ [eds]. Principles and Practice of Psy-
chopharmacotherapy. Lippincott Wil-
liams, Philadelphia, 2001, pp 215-326.

203.	 Cone EJ, Darwin WD, Gorodetzky CW, 
Tan T. Comparative metabolism of hy-
drocodone in man, rat, guinea pig, rab-
bit, and dog. Drug Metab Dispos 1978; 
6:488-493.

204.	 Yeh SY, McQuinn RL, Gorodetzky CW. 
Biotransformation of morphine to di-
hydromorphinone and normorphine in 
the mouse, rat, rabbit, guinea pig, cat, 
dog, and monkey. Drug Metab Dispos 
1977; 5:335-342.

205.	 Cone EJ, Heit HA, Caplan YH, Gourlay D. 
Evidence of morphine metabolism to 
hydromorphone in pain patients chron-
ically treated with morphine. J Anal Tox-
icol 2006; 30:1-5.

206.	 Smith ML, Hughes RO, Levine B, Dick-
erson S, Darwin WD, Cone EJ. Forensic 
drug testing for opiates VI. Urine test-

ing for hydromorphone, hydrocodo-
ne, oxymorphone, and oxycodone with 
commercial opiate immunoassays and 
gas chromatography-mass spectrome-
try. J Anal Toxicol 1995; 19:18-26.

207.	 Manchikanti L, Malla Y, Wargo BW, Fel-
lows B. Comparative evaluation of the 
accuracy of immunoassay with liquid 
chromatography tandem mass spec-
trometry (LC/MS/MS) of urine drug 
testing (UDT) Opioids and illicit drugs 
in chronic pain patients . Pain Physi-
cian 2011; 14:175-188. 

208.	 Klonoff DC, Jurow AH. Acute water in-
toxication as a complication of urine 
drug testing in the workplace. JAMA 
1991; 265:84-85.

209.	 Wu AH, Bristol B, Sexton K, Cassella-
McLane G, Holtman V, Hill DW. Adul-
teration of urine by “Urine Luck”. Clin 
Chem 1999; 45:1051-1057.

210.	 Wu AHB. Integrity of urine specimens 
submitted for toxicologic analysis: 
Adulteration, mechanisms of action, 
and laboratory detection. Forensic Sci 
Rev 1998; 10:47-65.

211.	 George S, Braithwaite RA. The effect of 
glutaraldehyde adulteration of urine 
on Syva EMIT II drugs-of-abuse assays. 
J Anal Toxicol 1996; 20:195-196.

212.	 Centers for Disease Control and Preven-
tion (CDC). Use of niacin in attempts to 
defeat urine drug testing--five states, 
January-September 2006. MMWR Morb 
Mortal Wkly Rep 2007; 56:365-366.

213.	 Gianutsos LP, Safranek S, Huber T. Clin-
ical inquiries: Is there a well-tested 
tool to detect drug-seeking behaviors 
in chronic pain patients? J Fam Pract 
2008; 57:609-610.

214.	 Tellioglu T. The use of urine drug testing 
to monitor patients receiving chronic 
opioid therapy for persistent pain con-
ditions. Med Health R I 2008; 91:279-
280, 282.

215.	 CMS Manual System. Pub 100-04 Medi-
care claims processing, Transmittal 
1884, Change Request 6657. Calendar 
Year (CY) 2010 Annual Update for Clini-
cal Laboratory Fee Schedule and Labo-
ratory Services Subject to Reasonable 
Charge Payment. December 23, 2009.  

216.	 Centers for Medicare and Medicaid 
Services. (2009) Calendar year 2010. 
New Clinical Laboratory Fee Schedule 
Test Codes and Final Payment Determi-
nations.

 217.	Manchikanti L, Hirsch JA, Smith HS. Ev-
idence-based medicine, systematic re-
views, and guidelines in interventional 

pain management: Part 2: Randomized 
controlled trials. Pain Physician 2008; 
11:717-773.

218.	 Manchikanti L, Benyamin RM, Helm S, 
Hirsch JA. Evidence-based medicine, 
systematic reviews, and guidelines in 
interventional pain management: Part 
3: Systematic reviews and meta-analy-
sis of randomized trials. Pain Physician 
2009; 12:35-72.

219.	 Manchikanti L, Singh V, Smith HS, 
Hirsch JA. Evidence-based medicine, 
systematic reviews, and guidelines in 
interventional pain management: Part 
4: Observational studies. Pain Physi-
cian 2009; 12:73-108.

220.	 Manchikanti L, Derby R, Wolfer LR, 
Singh V, Datta S, Hirsch JA. Evidence-
based medicine, systematic reviews, 
and guidelines in interventional pain 
management: Part 5. Diagnostic ac-
curacy studies. Pain Physician 2009; 
12:517-540.

221.	 Manchikanti L, Datta S, Smith HS, 
Hirsch JA. Evidence-based medicine, 
systematic reviews, and guidelines in 
interventional pain management: Part 
6. Systematic reviews and meta-analy-
ses of observational studies. Pain Phy-
sician 2009; 12:819-850.

222.	 Manchikanti L, Derby R, Wolfer LR, 
Singh V, Datta S, Hirsch JA. Evidence-
based medicine, systematic reviews, 
and guidelines in interventional pain 
management: Part 7: Systematic re-
views and meta-analyses of diagnostic 
accuracy studies. Pain Physician 2009; 
12:929-963.

223.	 Manchikanti L, Helm S, Singh V, Benya-
min RM, Datta S, Hayek S, Fellows B, 
Boswell MV. An algorithmic approach 
for clinical management of chronic spi-
nal pain. Pain Physician 2009; 12:E225-
E264.

224.	 Wolfer L, Derby R, Lee JE, Lee SH. Sys-
tematic review of lumbar provocation 
discography in asymptomatic subjects 
with a meta-analysis of false-positive 
rates. Pain Physician 2008; 11:513-
538.

225.	 Helm S, Hayek S, Benyamin RM, 
Manchikanti L. Systematic review of 
the effectiveness of thermal annu-
lar procedures in treating discogen-
ic low back pain. Pain Physician 2009; 
12:207-232.

226.	 Rupert MP, Lee M, Manchikanti L, Dat-
ta S, Cohen SP. Evaluation of sacroili-
ac joint interventions: A systematic ap-
praisal of the literature. Pain Physician 
2009; 12:399-418.




