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Life-threatening opioid intoxication developed in a patient after he was given small
doses of codeine for the treatment of a cough associated with bilateral pneumonia. Co-
deine is bioactivated by CYP2D6 into morphine, which then undergoes further glucu-
ronidation. CYP2D6 genotyping showed that the patient had three or more functional
alleles, a finding consistent with ultrarapid metabolism of codeine. We attribute the
toxicity to this genotype, in combination with inhibition of CYP3A4 activity by other

 

medications and a transient reduction in renal function.

 

dverse drug reactions are a major cause of death in

 

 

 

hospital-

 

ized patients.

 

1

 

 Differences among persons in the level of cytochrome P-450–
dependent monooxygenase activity may lead to differences in the efficacy and

toxicity of drugs metabolized by this enzyme system.

 

2-4

 

Cytochrome P-450 is the product of a multigene family, and its activity may reflect
drug–drug interaction. Genetic variants of the cytochrome P-450 enzyme CYP3A4 are
relatively common, but to our knowledge none of them have been shown to cause a
phenotypic change in drug metabolism. In contrast, various genotypes of the CYP2D6
subfamily of cytochrome P-450 enzymes correlate with phenotypic subgroups with dif-
fering rates of drug metabolism.

 

5,6

 

 A person with two nonfunctional alleles at 

 

CYP2D6

 

is considered to have poor drug metabolism, whereas a person with one or two func-
tional alleles is considered to have extensive metabolism, and one who has duplicated
or amplified active 

 

CYP2D6

 

 genes is considered to have ultrarapid metabolism.

 

7

 

 About
7 to 10 percent of whites have poor CYP2D6 metabolism, whereas 1 to 7 percent of
whites and more than 25 percent of Ethiopians have gene duplications and are classi-
fied as having ultrarapid metabolism. CYP2D6 catalyzes hydroxylation or demethyla-
tion of more than 20 percent of drugs, including codeine.

 

O

 

-demethylation of codeine into morphine by CYP2D6 represents a minor pathway
of codeine metabolism (accounting for less than 10 percent of codeine clearance)

 

8

 

 but
is essential for its opioid activity (Fig. 1). 

 

N

 

-demethylation of codeine into norcodeine
by CYP3A4 and the glucuronidation of codeine are the main pathways (accounting for
more than 80 percent of codeine clearance) for converting the molecule into inactive
compounds.

We describe a patient who presented with life-threatening codeine intoxication
despite having received only modest doses of the medication. Analysis of the patient’s
cytochrome P-450–dependent monooxygenase genotype (CYP2D6) and phenotype
(CYP2D6 and CYP3A4) indicated that his unusual response to codeine might be ex-
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plained by ultrarapid CYP2D6 metabolism, com-
bined with the inhibition of CYP3A4 by other med-
ications and the accumulation of active metabolites
because of renal failure.

A 62-year-old man with a history of chronic lympho-
cytic leukemia presented with a three-day history of
fatigue, dyspnea, fever, and a cough. He had last re-
ceived chemotherapy three months earlier. His only
medication was valproic acid (1500 mg daily), which
he had been taking for several years after he had had
a post-traumatic generalized seizure. On arrival at
the hospital, the patient was alert and oriented and
was hypoxemic (partial pressure of arterial oxygen,
56 mm Hg; fraction of inspired oxygen, 0.21) but
normocapnic (partial pressure of arterial carbon di-
oxide,

 

 

 

37 mm Hg). Clinical and radiologic findings
were compatible with bilateral pneumonia limited
to the inferior lobes. Because of his immunocom-
promised state, bronchoalveolar lavage was per-
formed. Preliminary results showed no 

 

Pneumocystis
carinii

 

 but revealed yeast. Therapy with ceftriaxone,
clarithromycin, and voriconazole was initiated, and
oral codeine (25 mg three times a day) was admin-
istered to relieve the cough.

On hospital day 4, the patient’s level of con-
sciousness rapidly deteriorated, and he became
unresponsive. His last dose of codeine had been
administered 12 hours earlier. Arterial blood gas
measurements revealed a partial pressure of oxygen
of 56 mm Hg, with a fraction of inspired oxygen
of 0.5 and a partial pressure of carbon dioxide of
80 mm Hg. The patient was treated with noninva-
sive ventilation and was transferred to the intensive
care unit. Initial neurologic examination showed
a score of 6 on the Glasgow Coma Scale (no eye
opening, no verbal response, and limb withdrawal
after pain stimulation). The patient’s pupils were
miotic, and no focal deficits were detected.

Ninety minutes after the initiation of noninva-
sive ventilation, repeated measurements of arteri-
al blood gases showed that the partial pressure of
oxygen was 68 mm Hg and the partial pressure of
carbon dioxide was 56 mm Hg, but no neurologic
improvement was observed. The serum urea nitro-
gen and creatinine levels were elevated, at 45.4 mg
per deciliter (16.2 mmol per liter) and 2.06 mg per
deciliter (182 µmol per liter), respectively; the levels
subsequently normalized with hydration. The se-

rum level of valproic acid was 62.4 mg per liter (433
µmol per liter; normal range, 50.4 to 101 mg per li-
ter [350 to 700 µmol per liter]) on the patient’s usual
dosage. The blood level of ammonia was normal.
Intravenous administration of naloxone (0.4 mg)
that was repeated two times resulted in a dramatic
improvement in the patient’s level of conscious-
ness; with titration of naloxone (a continuous per-
fusion of 0.4 mg per hour for six hours), a normal
level of consciousness was maintained and respira-
tory failure resolved. Two days after the acute event,
the patient had recovered completely.

The blood levels of codeine, morphine, and their
metabolites were determined by liquid chromatog-
raphy–mass spectrometry.

 

9

 

 Duplication or multidu-
plication of the 

 

CYP2D6

 

 gene was detected by re-
striction-fragment–length polymorphism analysis
of genomic DNA isolated from leukocytes, after di-
gestion with restriction enzymes 

 

Xba

 

I

 

 

 

and 

 

Eco

 

RI, as
described elsewhere.

 

6,10

 

 The CYP2D6 and CYP3A4
phenotype was also determined. The widely used
dextromethorphan substrate was used as a probe
drug to evaluate CYP phenotypic activity. In humans,
dextromethorphan is metabolized into dextrorphan
by CYP2D6 and into 3-methoxymorphinan, main-
ly by CYP3A4. Moreover, 3-hydroxymorphinan is
obtained through 

 

N

 

- and 

 

O

 

-didemethylation by
CYP3A4 and CYP2D6, respectively. Hence, the
partial metabolic clearance of dextromethorphan
to the 

 

O

 

-demethylated metabolites can be used as
an index of CYP2D6 activity, whereas the partial
metabolic clearance of dextromethorphan to the

 

N

 

-demethylated metabolites can be used as an index
of CYP3A4 activity, as described by Di Marco et al.

 

11

 

To assess the relative activities of CYP2D6 and
CYP3A4, we used both a traditional method based
on a metabolic-ratio calculation obtained by divid-
ing the amount of dextromethorphan by the amount
of deconjugated dextrorphan excreted in urine (for
CYP2D6) and a partial metabolic-clearance ap-
proach as described above. According to a standard-
ized protocol, a single 25-mg oral dose of dextro-
methorphan was administered to our patient seven
days after his discharge from the intensive care unit,
after complete recovery of renal function but while
he was still receiving clarithromycin and voricona-
zole. We used high-performance liquid chromatog-
raphy to assay deconjugated dextromethorphan and

case report

methods
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its metabolites in a hydrolyzed urine specimen ob-
tained in the eight hours after the dose of dextro-
methorphan had been administered.

The patient provided oral consent for testing and
for publication of the report. Our institutional re-
view board did not require written consent because
the investigation was considered to be part of clini-
cal care.

At the time of the patient’s coma and respiratory
depression, the plasma level of codeine was 114 µg
per liter, as compared with a maximal expected plas-
ma level in the range of 13 to 75 µg per liter for the
same dose in a person with extensive CYP2D6 me-
tabolism.

 

12

 

 The codeine glucuronide level was 361
µg per liter (expected range in extensive CYP2D6 me-
tabolism, 700 to 1670 µg per liter), the blood level
of morphine was 80 µg per liter (expected range, 1 to
4 µg per liter), the morphine-3-glucuronide level
was 580 µg per liter (expected range, 8 to 70 µg per
liter), and the morphine-6-glucuronide level was
136 µg per liter (expected range, 1 to 13 µg per liter).
Among these metabolites, only morphine and mor-
phine-6-glucuronide have clinically relevant opioid
activity.

CYP2D6 genotyping showed three or more func-
tional alleles, a finding consistent with ultrarapid
metabolism. Eight hours after the administration of
dextromethorphan, the level of the drug in the pa-

tient’s urine was below the detection limit of the
assay (10 ng per milliliter). Thus, the ratio of the
amount of dextromethorphan to that of dextror-
phan in urine was less than 0.0005, a finding that
is compatible with an ultrarapid-metabolism phe-
notype. As previously described for CYP2D6 pheno-

results

 

Figure 1. Metabolic Pathways of Codeine 
Biotransformation.

 

The conversion of codeine into norcodeine by CYP3A4 
and into codeine-6-glucuronide by glucuronidation 
usually represents 80 percent of codeine clearance, and 
conversion of codeine into morphine by CYP2D6 repre-
sents only 10 percent of codeine clearance (blue arrows). 
Morphine is further metabolized into morphine-6-glu-
curonide and into morphine-3-glucuronide. Morphine 
and morphine-6-glucuronide have opioid activity (green 
arrows). Glucuronides are eliminated by the kidney and 
are thus susceptible to accumulation in cases of acute 
renal failure. The patient (red arrows) had ultrarapid 
CYP2D6 metabolism, inhibition of CYP3A4 as a result 
of treatment with clarithromycin and voriconazole, and 
glucuronide accumulation due to acute renal failure. 
Red arrows with dotted lines indicate low levels of drug 
conversion or elimination, green arrows with dotted 
lines indicate low levels of brain penetration, and thick 
arrows indicate high levels.
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typing,

 

13

 

 a logarithmic scale can be used to classify
the various types of CYP2D6 metabolism. Ultra-
rapid metabolism is characterized by a ratio of
dextromethorphan to dextrorphan that is below
0.003, extensive metabolism by a ratio between
0.003 and 0.03, intermediate metabolism by a ratio
between 0.03 and 0.3, and poor metabolism by a
ratio above 0.3.

The phenotype of ultrarapid CYP2D6 metabo-
lism was confirmed by calculation of the partial
metabolic clearance related to 

 

O

 

-demethylation of
dextromethorphan, with a value of 0.48 indicating a
high level of production of dextromethorphan me-
tabolites through the CYP2D6 pathway. CYP3A4
activity was evaluated by calculation of the partial
metabolic clearance related to 

 

N

 

-demethylation of
dextromethorphan; the value was 0.04, which is be-
low the mean (

 

±

 

SD) calculated metabolic clearance
in healthy volunteers (0.14

 

±

 

0.04).

 

12

 

We describe a patient in whom opioid intoxication
occurred after the administration of small doses of
codeine, a condition that was attributable to a
CYP2D6 ultrarapid-metabolism genotype and phe-
notype, in combination with drug-induced inhibi-
tion of CYP3A4 activity and a reduction in renal
function.

Codeine is ineffective at usual doses in 7 to 10
percent of the white population because of homo-
zygosity for nonfunctional mutant 

 

CYP2D6

 

 alleles.

 

2

 

On the other hand, among persons who have ul-
trarapid metabolism, codeine intake may result in
an increase in morphine production. An inverse cor-
relation is expected between the ratio of dextro-
methorphan to dextrorphan and the amount of

 

O

 

-demethylated codeine metabolites (i.e., mor-
phine, morphine-3-glucuronide, and morphine-6-
glucuronide). The concentration of 

 

O

 

-demethylat-
ed metabolites can be as much as 45 times as high
in persons with ultrarapid CYP2D6 metabolism as
it is in those with poor metabolism.

 

14

 

 In our pa-
tient, the metabolic ratio of dextromethorphan to
dextrorphan was extremely low, and 12 hours after
the last dose of codeine, the blood level of morphine
was 20 to 80 times as high as the blood level that

would have been expected on the basis of measure-
ments in healthy persons with extensive CYP2D6
metabolism.

 

12

 

Along with 

 

CYP2D6

 

 gene duplication, a drug–
drug interaction may have contributed to the ob-
served toxic effects in our patient. In addition to un-
dergoing 

 

O

 

-demethylation into morphine, codeine
is 

 

N

 

-demethylated into norcodeine by CYP3A4
and also undergoes glucuronidation

 

14

 

 (Fig. 1). Our
patient was concomitantly treated with a macro-
lide and an azole derivative, both known inhibitors
of CYP3A4. These agents thus may have further
reduced the clearance of codeine and increased
the risk of an opioid overdose associated with the

 

CYP2D6

 

 gene duplication. Phenotyping with dextro-
methorphan 

 

N

 

-demethylation confirmed the low
activity of CYP3A4, whereas the CYP2D6 phenotype
was consistent with the CYP2D6 ultrarapid-metab-
olism genotype. Norcodeine was not detected in
the blood, and the level of codeine-6-glucuronide,
an inactive metabolite of codeine, was only one
third of the expected blood level after repeated ad-
ministration of oral codeine under normal condi-
tions.

 

12

 

The opioid effects of codeine are related to plas-
ma morphine concentrations produced after co-
deine intake. In our patient, blood concentrations
of morphine metabolites, morphine-3-glucuronide,
and morphine-6-glucuronide were substantially el-
evated, a finding likely to be attributable to renal fail-
ure; morphine-6-glucuronide has recognized opi-
oid activity.

 

15,16

 

 The total amount of morphine and
metabolites in our patient corresponded to 75 per-
cent of the total amount of codeine present in his
body, whereas the usual amount of morphine that
is produced after the administration of multiple
doses of codeine rarely reaches 10 percent of the
total amount of codeine in a person with extensive
CYP2D6 metabolism.

 

12

 

This report of central nervous system depression
after the administration of small doses of codeine
in a patient with a CYP2D6 ultrarapid-metabolism
phenotype supports the potential usefulness of the
determination of genotype and phenotype in eluci-
dating serious adverse drug reactions and in pre-
venting subsequent inappropriate selection or dos-
es of drugs.
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New England Journal of Medicine

CORRECTION

Codeine Intoxication Associated with Ultrarapid
CYP2D6 Metabolism

Codeine Intoxication Associated with Ultrarapid CYP2D6 Metabolism

. On page 2829, in Figure 1, the double arrows leading to codeine-6-

glucuronide should have originated in the box representing codeine,

rather than in the oval representing cytochrome P-450 enzyme

CYP3A4, as printed. We regret the error.
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