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Given the ramifi cati ons 
involved it is important 
for health care providers 
to understand the pitf alls 
in interpreti ng urine drug 
screen results.

Abstract
Urine drug screens are 

commonly used in various 
clinical settings and situations.  
Immunoassays are the most 
commonly available method of 
testing for urine drug screens in 
hospitals.  Although convenient, 
immunoassays are prone to false 
positive and false negative results.  
It is important for the health 
care provider to understand 
the principles of the laboratory 
methods involved with urine drug 
screens as this will help guide 
appropriate result interpretation 
and therefore improve clinical 
care.

Introducti on
Laboratory testing, including 

urine drug testing, is often utilized 
in the evaluation and management 
of intoxicated patients as well as 
those with non-specifi c presentations 
such as altered mental status.  Urine 
drug testing is also used in other 
circumstances, such as legal and 
forensic cases including those involving 
minors or sexual assault victims.  
Urine drug screens are also used 
commonly for pre-employment testing 
or in situations involving workplace-
associated injuries.  Physicians 
may also use urine drug screens to 
document compliance (or lack thereof) 
to prescribed opioid therapy.1

Historically, immunoassays were 
developed for employment screening.2 
Urine drug testing is now common 
in certain occupations such as those 
that involve federally regulated 
transportation (i.e., truck drivers and 
train engineers) or those employed 
in safety-sensitive occupations (i.e., 
operating large industrial equipment).3 
Interpretation of drug test results in 
this setting is often performed by a 
medical review offi cer, who is trained 
and certifi ed in result interpretation.  
Given the ramifi cations involved it is 
important for health care providers to 
understand the pitfalls in interpreting 
urine drug screen results.

Knowledge of laboratory 
methods involved with urine drug 
testing help to facilitate test result 
interpretation.  Multiple methods 
exist to assess for the presence of 
drugs in the urine, however only a 
few methods are commonly used in 
hospital laboratories.  Immunoassays 
are the most common utilized by 
hospital laboratories as they are easily 
automated for laboratory personnel.  
They have several advantages in that 
they are relatively inexpensive, are 
not labor intensive, and have short 
turn-around time to obtain results.4   
Immunoassays rely on a chemical 
reaction between an antibody and drug 
of interest.  For each drug class on the 
immunoassay there is an antibody to a 
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of immunoassays lack specificity and are prone to false 
positive results (discussed below).1, 4, 5  Other limitations 
involve understanding that detection times in the urine 
vary significantly based on multiple factors including: dose, 
elimination half-life, urine pH, urine dilution, frequency 
of use, and time of last use.8  Table 1 lists general detection 
times for urine drug metabolites.

Amphetamines
Amphetamines are prescribed most commonly for 

attention deficit hyperactivity disorder, but are also 
widely misused and abused.  Many illicit and designer/
synthetic amphetamines exist such as metamphetamine 
and methylenedioxymethamphetamine (MDMA, 
ecstasy).   Immunoassays are a good screening testing for 
basic amphetamine compounds such as amphetamine 
salts (ADHD medications) and methamphetamine.  
There are some immunoassays that screen specifically 
for methamphetamine. Most general amphetamine 
immunoassays will often be positive as methamphetamine 
is metabolized to amphetamine.  Although the sensitivity 
is high for amphetamine salts there is poor specificity 
due to a large number of substances that cross react and 
result in false positive results.  Any pharmaceutical that 
has a phenylethylamine structure (See Figure 1) within 
the compound can result in a false positive.  Numerous 
substances have been shown to result in false positives 
(See Table 2).  Each immunoassay has slightly different 
sensitivity and specificity to these agents but due to 
widespread use of many of these agents false positives are 
common.  The sensitivity for other designer or synthetic 
amphetamine compounds is variable.  Substances such as 

representative drug in that class (i.e. the opiate class often 
uses an antibody to morphine).  A critical concept is that not 
all drugs within a class have similar chemical structures and 
therefore may or may not react with the antibody included 
in the assay.4 Depending on the manufacturer there may 
be variable cross reactivity to various substances (discussed 
in further detail below).  The manufacturer often does 
preliminary testing and reports some agents in 
their package insert known to cross-react with 
each class.  This list should not be considered 
exhaustive as many unlisted substances cross 
react.  The sensitivity and specificity of the 
various components of the immunoassays also 
can vary between manufactures as well.  Thus, 
health care providers should be aware of the 
specifications of the immunoassay that is used by 
their laboratory.

Several other advanced laboratory drug 
screening techniques are available to the clinician 
but are less commonly employed by hospital 
laboratories.  Thin layer chromatography (TLC) 
and gas chromatography/mass spectrometry (GC/
MS) are two other methods used for urine drug 
testing.5 The advantage of both is that they can 
screen for a higher number of substances.  TLC 
tends to be less sensitive than immunoassay but is more 
specific.5 GC/MS is both more sensitive and specific than 
immunoassay.5, 6 Both are generally more expensive, slower, 
and not readily available for acute management.  Given the 
poor sensitivity and specificity of immunoassays the clinician 
should consider obtaining more definitive confirmation 
(such as GC/MS), especially in cases with forensic or legal 
ramifications.  There are multiple reputable reference 
laboratories that perform such testing and the clinician 
should discuss with their own laboratory personal regarding 
send-out laboratory procedures.

There are several other limitations that clinicians should 
be aware of when interpreting urine drug screens.  Each 
analyte of the UDS has a cutoff or detection level of specified 
urine metabolite above which the test will be positive.  
Although these values are applied to clinical testing these 
cutoff limits were originally developed for workplace testing 
to decrease false positives (i.e. increase specificity) given the 
large volume of employment testing performed.3  How these 
cutoff values apply to clinical medicine and determination of 
intoxication is largely unknown.7  It is possible (depending 
on dose, pharmacokinetic elimination patterns, and timing 
of last exposure) for a patient to have be exposed to a 
substance and have a negative urine drug test.  Conversely, 
it is also important to be aware that some components 

   Substance                                                     Length of Detection

Table 1.Length of Time that Urine Drug Screens Can Detect Drugs since Last Use* 

 

Substance             Length of Detection 

Amphetamines 3 days 
Barbiturates 
          Short/Intermediate acting (butalbital) 
          Long acting (phenobarbital)  

 
24-72 hours 
2-3 weeks 

Benzodiazepines 
          Short acting 
          Long acting 

 
3 days 
3 weeks 

Cannabinoids 
          Single use 
          Heavy user 

 
3 days 
4-6 weeks 

Cocaine 3-5 days 
Opioids 3-5 days 
Phencyclidine 8 days 
*complied from references 4,7,8 

Table 1
Length of Time that Urine Drug Screens Can Detect Drugs since Last Use*

*compiled from references 4, 7, 8
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MDMA and “bath salts” have variable cross-reactivity but 
are often not detected.9

Barbiturates
The barbiturate class is still included on many assays, 

however, it has less clinical relevance since these are 
prescribed and/or abused infrequently.  There are two 
main barbiturates that are still prescribed occasionally 
in the United States.  Phenobarbital, once a mainstay in 
seizure management, has become less attractive for seizure 
management and has been replaced by anticonvulsants 
with better side effect profiles.  Butalbital is another 
barbiturate that is formulated as a combination product 
with acetaminophen and caffeine and is still prescribed 
for the treatment of migraine headaches.  Other 
barbiturates are used as intravenous sedation or rarely 
prescribed.  The barbiturate immunoassay looks for the 
structure of secobarbital as a representative for the entire 
barbiturate class.10  The most commonly used agents such 
as phenobarbital and butabital are reliably identified with 
good sensitivity as is primidone, which is metabolized to 

phenobarbital.10  There have been occasional 
reports of substances resulting in false positives; 
both ibuprofen and naproxen have been noted 
to result in false positive test results.10  But, in 
general the barbiturate immunoassay has good 
sensitivity and specificity.

Benzodiazepines
Benzodiazepines are widely prescribed 

for various medical conditions and are also 
commonly abused.  Similar to the other drug 
classes on immunoassays the benzodiazepine 
class is subject to poor sensitivity and specificity.  
Oxazepam, a metabolite of diazepam and 
chlordiazepoxide, is the chemical that most 
immunoassays are designed to detect.4   There 
are some commonly used benzodiazepines 
(i.e., alprazolam, clonazepam) that can result in 
negative testing results although cross-reactivity 
is not uncommon.  There are also several 
reports of NSAIDS and an HIV medication 
(efavirenz) producing false positive results (See 
Table 2).  Flunitrazepam is a benzodiazepine 
that, while not legal in the United States, can 
be purchased legally in Mexico and Europe.  It 
is a very potent benzodiazepine that has been 
used in drug-facilitated sexual assaults since it 
produces profound impairment and amnesia 
and is not detected on routine immunoassay 

drug testing.11

Cannabinoids
Cannabis is the most widely used illicit drug.  As more 

states decriminalize the use and possession of cannabis, 
its use will likely become even more widespread.  The 
major psychoactive chemical in cannabis is delta-9-
tetrahydrocannabinol (THC).  Urine drug screens are 
designed to detect 11-nor-delta-9-tetrahydrocannabinol-
9-carboxylic acid (9-carboxy-THC).   Due to the high lipid 
solubility and slow excretion of 9-carboxy-THC into the 
urine, one time use of cannabis can cause a positive urine 
drug screen for three days up to one week.  Heavy, daily 
cannabis users can have a positive urine drug screen for 
4-6 weeks after cessation.  Although considered one of the 
more specific items on the urine drug screen, false positives 
for cannabis have been reported with dronabinol, efavirenz, 
NSAIDs, promethazine, riboflavin, ethacrynic acid, and 
baby soaps.4,12,13,14  Of note, newer synthetic cannabinoids 
(i.e., JWH-018, “spice”, “K2”, etc.) are not detected by the 
standard urine drug screen.

Table 2.  Agents Known to Produce False Positive and False Negative Urine Immunoassays* 

 

             False Positive   False Negative 

Amphetamines Amantadine 
Buproprion 
Ephedrine 
Labetolol 
Methylphenidate 
Phentermine 
Pseudoephedrine 
Ranitidine 
Seligiline 
Trazadone 

MDMA (ecstasy) 
Synthetic amphetamines 
(cathinones, bath salts, etc) 

Benzodiazepines Oxaprozin 
Sertraline 
Efavirenz 

Alprazolam 
Clonazepam 
Lorazepam 

Cannabinoids Ibuprofen 
Naproxen 
Efavirenz 
Baby washes 

Synthetic cannabinoids 

Opioids Poppy seeds 
Quinolones 
Verapamil 

Fentanyl 
Hydrocodone 
Hydromorphone 
Meperidine 
Methadone 
Oxycodone 

Phencyclidine Dextromethorphan 
Diphenhydramine 
Ketamine 
Tramadol 
Venlafaxine 

 

Tricyclic 
Antidepressants 

Carbamazepine 
Cyclobenzaprine 
Diphenhydramine 
Phenothiazines 

 

*compiled from references 4 and 7 

Table 2
Agents Known to Produce False Positive and False Negative Urine Immunoassays*

False Positive                  False Negative
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Cocaine
Cocaine has been used for its stimulant properties 

for centuries.  It is derived from the Coca plant and then 
processed into different forms such as crack (which can be 
smoked) or powder cocaine.  Cocaine is metabolized to 
three metabolites: norcocaine, ecgonine methyl ester, and 
benzoylecgonine (BE).  Commonly performed immunoassays 
generally detect BE.15 Unlike most drug classes that are tested 
for on immunoassays the cocaine assay is relatively sensitive 
and specific for cocaine.  False negative testing could occur 
if the urine is collected shortly after use and an insufficient 
amount of BE has been excreted in the urine.  Otherwise, it 
is a sensitive test to determine recent exposure to cocaine.  
False positives have not been reported; although it is possible 
that a positive test could result from drinking Coca tea which 
is commonly available in South American but is illegal in the 
United States since does contain small amounts of cocaine.4

Opioids
Although often used interchangeably, opiates and 

opioids refer to different classes of xenobiotics.  Opiates are 
derivatives of the opium poppy (morphine and codeine).  
Opioids refers to a very broad class of drugs with opium-
like effects (hydrocodone, oxycodone, propoxyphene, 
hydromorphone, fentanyl, methadone, propoxyphene, 
etc.).  Most urine drug screens are designed to detect opiates 
(namely morphine) and drugs metabolized to morphine 
by the human body (i.e., heroin) and often “miss” the 
majority of semi-synthetic and synthetic opioids; although, 
cross-reactivity does occur and is assay dependent.  False-
positive opiate tests have reportedly been caused by 
dextromethorphan, diphenhydramine, quinine, quinolones, 
rifampin, verapamil, and poppy seeds.4 In the hopes of testing 
for medical adherence, some urine drug screens specifically 
include methadone.  Of note, false positive methadone 
screens have been reported to be caused by quetiapine, 
doxylamine, olanzapine, diphenhydramine, and verapamil.16

Phencyclidine (PCP)
Phencyclidine is a dissociative agent structurally 

related to ketamine.  Although not fully pharmacologically 
understood, PCP is a N-methyl-D-aspartic acid (NMDA) 
receptor antagonist.  It has a wide range of effects depending 
on the dose and the patient.  Effects include dissociation, 
euphoria, decreased inhibition, hypertension, tachycardia, 
and nystagmus.  Patients can be comatose or extremely 
combative.  Clinically, a false positive urine drug screen 
can be due to numerous xenobiotics: dextromethorphan, 
diphenhydramine, doxylamine, ibuprofen, imipramine, 
ketamine, meperidine, venlafaxine, buproprion, 
methylenedioxpyrolvalerone (MDPV), and tramadol.4, 17, 18, 19

Tricyclic Antidepressants (TCAs) 
Although not a “drug of abuse”, many urine drug 

screens also test for tricyclic antidepressants due to the high 
number of mortalities seen with TCA overdoses in the 1980s 
and 1990s.  Other ringed xenobiotics like carbamazepine, 
cyproheptadine, cyclobenzaprine, and quetiapine have been 
reported to cause false positives.  Likewise, structurally 
similar agents like diphendyramine, hydroxyzine, cetirizine 
can also cause false positive TCA screens.4, 20, 21, 22

Utility in Clinical Management 
At some point in medical training, all physicians-in-

training have been asked the loaded question, “What are you 
going to do with the results of that test?”  The urine drug 
screen is no different.  Oftentimes, the physician orders a 
urine drug screen “to see if the patient is on something.”  
Hopefully, the aforementioned discussion of false positives, 
false negatives, laboratory cutoffs, etc. for the various drugs 
of abuse has provided evidence that this logic is fraught with 
error.

A positive or negative urine drug screen is just a yes 
or no answer.  That is to say, the results of a urine drug 
screen are not quantitative.  Consider other quantitative 
toxicologic testing (i.e., serum salicylate concentration, 
serum acetaminophen concentration, and blood alcohol 
concentration).  These quantitative assays have the ability 
to change clinical management based on their numerical 
result.  A urine drug screen positive for cocaine, on the 
other hand, does not mean that the patient’s presenting 
signs or symptoms can be explained by the clinical result.  
Consider a patient with a low-grade fever, tachycardia, and 
altered mental status.  A “frequent flyer” with a urine drug 
screen positive for cocaine may result in early closure of the 
diagnostic work-up in a patient whose symptoms are due to 
meningitis, pneumonia, urinary tract infection, or countless 
other possibilities.

A negative urine drug screen does not “rule out” that 
a patient’s presenting signs and symptoms are due to a drug 

Phenylethylamine Amphetamine                   Methamphetamine

Pseudoephedrine                                                 Buproprion

Figure 1
Structure of Phenylethylamine
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of abuse.  As mentioned previously, the immunoassay for 
benzodiazepines is designed to detect oxazepam.  Some of 
the more commonly abuse benzodiazepines like alprazolam 
(Xanax) and clonazepam (Klonopin) are not metabolized to 
oxazepam and would then be “missed” by most urine drug 
screens.

Multiple studies in the adult and pediatric populations 
confirm that the results of a urine drug screen very rarely 
change clinical management.6,23,24,25,26,27  The cost of the urine 
drug screen varies widely between institutions.  The cost of 
misdiagnosis due to the misinterpretation of the urine drug 
screen is likely very similar between institutions.

There are certainly clinical scenarios when a urine drug 
screen should be ordered.  Most commonly, a urine drug 
screen is required by receiving mental health institutions.  
While there is some evidence that the results of a urine 
drug screen rarely change the management of psychiatric 
conditions28, in clinical practice most emergency physicians 
still have to send urine drug screens, as well as other labs 
“screening” for medical conditions, as a requirement by 
mental health institutions.  Urine drug screens can also 
have important implications in child abuse and neglect 
cases.29   Positive screens should be confirmed by GC/MS 
and / or quantitative levels of the specific drug of abuse in 
question should be sent in these types of cases.  Lastly, urine 
drug screens can also provide some useful information in 
certain clinical situations.  The urine drug screen has to be 
interpreted in the light of its many short-comings.

Conclusion
Urine drug screens are commonly ordered by 

emergency physicians.  The results of a UDS rarely change 
clinical management.  Among the agents that are tested for 
by a UDS, the sensitivity and specificity vary greatly as does 
the length of time that a test is positive for since the last use.  
Given the aforementioned short-comings of the UDS, the 
results of this test (positive or negative) should be interpreted 
with caution.
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