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CASE DESCRIPTION

A 31-year-old pregnant woman at 25-week gestation was
admitted for preterm premature rupture of membranes
and subsequently delivered preterm at 29 weeks. The
patient insisted that she was unaware of the pregnancy
and, thus, received no prenatal care. She had a clinically
significant polysubstance abuse history: intravenous her-
oin, prescription amphetamine (Adderall), methamphet-
amine, tobacco, marijuana, and alcohol. There was also his-
tory of anxiety and postpartum depression following prior
pregnancies. During her hospital stay, she entered into a
medication-assisted treatment program and was prescribed
buprenorphine (Subutex) for opiate addiction and fluox-
etine (Prozac) for depression. On discharge, she entered a
postpartum outpatient program for addiction treatment
that required regular urine drug screen submissions with the
goal of abstinence.

During an initial urine drug screen submission after
admission into the treatment program, an immunoassay
drug screen was presumptively positive for the amphet-
amines class with a cutoff of 300 ng/mL and negative for
all other components. Confirmation by an inhouse liquid
chromatography–tandem mass spectrometry (LC-MS/
MS) assay yielded a methamphetamine measurement
of 4990 ng/mL and undetectable concentrations of
amphetamine with a limit of detection of 100 ng/mL
(positive cutoff of 200 ng/mL). This atypical metabo-
lite pattern was observed in subsequent drug screen/
confirmation algorithms 2 weeks, 3 weeks, and 3
months after the initial occurrence. Chart review of
previous methamphetamine screens and confirma-
tions revealed typical metabolic patterns of high meth-
amphetamine concentrations with detectable amphet-
amine presence (Table 1).

DISCUSSION

METABOLIC EXPECTATIONS

The metabolism of methamphetamine, a synthetic stim-
ulant, is regulated by the enzyme cytochrome P450 2D6
(CYP2D6). One of the metabolic pathways of metham-
phetamine via CYP2D6 is oxidative demethylation re-
sulting in metabolism to active amphetamine. Urinary
excretion of methamphetamine following oral dosing is
30%–50% as unchanged parent methamphetamine and
10%–23% as amphetamine; following an intravenous
dose, 45% is excreted as unchanged methamphetamine and
7% as amphetamine, similar to smoking (1). Considering
these elimination rates, a typical methamphetamine-to-
amphetamine ratio in urine is approximately 3:1 with oral
dosing and approximately 6:1 following smoking or intra-
venous use. With clinically significant methamphetamine
concentrations (as seen with the patient in this case), both
methamphetamine and amphetamine are expected to be
detected by analytically sensitive confirmation methods
such as LC-MS/MS.

CLINICAL CONSIDERATION

With the absence of the amphetamine metabolite in our
case, 6 plausible scenarios were explored to help explain
the unusual metabolism pattern:

1. False identification of methamphetamine by LC-MS/
MS. During data review, the possibility of an interfering
compound being erroneously identified as methamphet-
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QUESTIONS TO CONSIDER

1. How should metabolite patterns be incorporated in the
clinical interpretation of drug confirmation results?

2. Should specific concentrations of metabolites be present
to report a positive methamphetamine concentration in
a clinical drug testing setting?

3. Why should medication lists be used in the clinical
interpretation of drug confirmation results?

4. What additional testing should be requested for the
patient in this case?
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amine was considered. If no true methamphetamine ex-
isted in this patient’s sample, the absence of amphet-
amine would be expected. Within our laboratory, the
validity of any given analyte peak is confirmed during
data analysis using predefined acceptability criteria, in-
cluding retention time and ion-ratio monitoring.
Mean retention times for the patient’s monitored
methamphetamine analyte and internal standard
peaks were compared with the mean of the calibrators.
The mean difference was 0.26% or within �0.005
min. Mean ratios of qualifier to quantifier ion peak
areas were also evaluated. The mean difference was
3.4% with an acceptance criteria of �20%. Because
acceptability criteria were met for all results, we con-
sidered a coeluting compound causing the false iden-
tification of methamphetamine highly unlikely.

2. Methamphetamine was directly added to the urine
sample. This technique, known as diversion, is gener-
ally used by a sample donor to mask noncompliance
in prescription drug programs (2 ). The practice is
particularly prevalent for patients taking chronic opi-
oids, who may be selling or giving their medications
to someone else. In this case, the patient did not have
a prescription for methamphetamine. Another con-
sideration involved a secondary party adding meth-
amphetamine to the sample to impact further care;
however, this scenario was deemed unlikely.

3. An adulterant was added, selectively altering amphet-
amine concentrations over methamphetamine. In a
urine adulteration attempt, amphetamine, a primary
amine, may be structurally prone to undergo syn-
thetic alterations at a higher rate than methamphet-
amine. These synthetic alterations would create a new
compound with a different molecular mass, rendering
amphetamine undetectable via MS methods.
In a clinical setting, sample validity testing on urine
samples (e.g., pH, creatinine, specific gravity, nitrites,
and oxidants) is not routinely incorporated in drug
confirmation algorithms. For this reason, we were un-
able to determine the initial integrity of the patient’s
samples and whether they exhibited auxiliary results

consistent with tampering. We instead investigated
several common adulterants in methamphetamine-
positive urine samples: household hydrogen peroxide
solution (3% w/v), household bleach (sodium hypo-
chlorite at 8.25% w/v), glutaraldehyde (50% w/v),
sodium nitrite, and pyridinium chlorochromate (3 ),
and we determined that none changed the ratios of
methamphetamine to amphetamine in any discern-
able way.

4. Exposure to L-methamphetamine. Methamphetamine
exists in two enantiomeric forms: D-methamphetamine,
the prescription and illicitly manufactured metham-
phetamine, and L-methamphetamine, a vasoconstrictor
used in some over-the-counter nasal decongestants (4).
General methods involving LC-MS/MS testing of
methamphetamine are unable to differentiate between
the D- and L- enantiomers. There is also evidence that
the L-isomer is metabolized less extensively than its D
counterpart (5).
A sample of the patient’s urine, measuring 2891
ng/mL for methamphetamine and �200 ng/mL am-
phetamine by inhouse LC-MS/MS, was sent to a ref-
erence laboratory for D/L enantiomer analysis via
chiral LC-MS. The isomeric analysis yielded a
D-methamphetamine measurement of 2600 ng/mL
and D-amphetamine of 11 ng/mL, while L-
methamphetamine and L-amphetamine were undetect-
able. With this information, L-methamphetamine expo-
sure was ruled out. To account for the minor presence of
D-amphetamine, we considered the possibility that the
patient was exposed to small quantities of native D-
amphetamine during the use of D-methamphetamine.
Another possibility we considered was that a metabolic
pathway capable of converting D-methamphetamine to
D-amphetamine was partially functional.

5. Altered methamphetamine metabolism due to CYP2D6
gene mutation. The CYP2D6 enzymatic pathway is
used to clear many xenobiotics and is responsible for
the oxidative demethylation of methamphetamine to
convert it to amphetamine. It is well known that there
is high variability of CYP2D6 enzymatic activity

Table 1. Amphetamine confirmation result timeline.

Collection date Amphetamine, ng/mL Methamphetamine, ng/mL
Immunoassay result
for amphetamines

4 months prior 2247 8390 Positive

4 weeks prior 15670 >50000 Positive

Admission <200 4990 Positive

2 weeks after <200 1409 Positive

3 weeks after <200 842 Positive

3 months after <200 2891 Positive
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among humans (6 ). There was consideration that the
patient may have possessed a given set of mutations
that rendered the CYP2D6 enzymes unable to oxida-
tively demethylate methamphetamine to amphet-
amine. This scenario was ultimately excluded because
the patient had medical history of typical metham-
phetamine/amphetamine metabolism patterns before
admission into the treatment program (Table 1).

6. Coingestion of a compound that inhibits CYP2D6
enzymes. Many prescribed drugs function as potent
inhibitors of CYP2D6 activity, including some anti-
virals (ritonavir), antiarrhythmics (quinidine), and
certain SSRIs (selective serotonin reuptake inhibitors;
fluoxetine and paroxetine) (7 ). Case history showed
that the patient was prescribed fluoxetine for postpar-
tum depression days before her first unusual metham-
phetamine/amphetamine results. We concluded that
coingestion of fluoxetine with illicit methamphet-
amine use caused strong inhibition of the CYP2D6
enzyme. With this enzymatic inhibition, metabolism
of methamphetamine to amphetamine was severely
affected, leading to high methamphetamine concen-
trations and undetectable levels of amphetamine.

CONCLUSIONS

A urine drug confirmation that results in high concentra-
tions of methamphetamine with no detectable amphet-
amine is generally considered inconsistent with typical
endogenous metabolism patterns. According to the Sub-
stance Abuse and Mental Health Services Administration
guidelines for federal workplace drug testing, metham-
phetamine can only be reported positive if the sample
also contains an amphetamine concentration �100
ng/mL (8 ). Clinical laboratories also often use metabo-
lism patterns to qualify the presence of parent drugs in
patient samples and may even adopt similar cutoff guide-
lines to those of the Substance Abuse and Mental Health
Services Administration. As observed in the case, such
invariable standard procedures could promote question-
able interpretation, potentially leading to false-negative
reporting. When faced with similar unexpected meta-
bolic patterns, both clinical and forensic toxicologists
should give complete consideration to the sample donor’s
medical history and prescription drug list. With a sub-
stantial increasing trend of selective serotonin reuptake
inhibitor antidepressant usage in the US (9 ) and the pop-
ularity of methamphetamine, particularly in certain re-

gions and subpopulations across the country (10 ), this
conundrum will likely become more prevalent.
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POINTS TO REMEMBER

• Atypical drug metabolite patterns may indicate diver-
sion or enzymatic dysfunction owing to genetic muta-
tions and/or inhibition from other substrates.

• Published drug metabolite ratio guidelines should be
used with caution when making clinical interpretations.
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