
Am J Psychiatry 165:3, March 2008 303

Editorial

ajp.psychiatryonline.org

Divided Doses for Methadone Maintenance

Opioid dependence, when untreated, typically progresses in a downhill course. Peri-
ods of remission are, more often than not, followed by a return to drug use accompanied
by psychiatric and medical morbidity, incarceration, and frequently death. Opioid ago-
nist therapy has proven to be a highly effective treatment for this otherwise highly morbid
disorder (1). Both methadone and buprenorphine dramatically attenuate the painful
drug craving experienced during opioid withdrawal and abstinence, thus mitigating the
perceived need for the drug. Key components of agonist therapies are their oral formula-
tion and long half-life, allowing once-a-day dosing in a clinic or outpatient setting.

Nevertheless, a sizable number of patients who undergo agonist therapy persist in their
illicit opioid use despite medication compliance. Continued, or a return to, opioid use dur-
ing agonist therapy is often the result of break-
through craving. When this occurs, increasing the
agonist dose is typically the most appropriate in-
tervention. For a small number of patients, break-
through craving occurs because of 1) a genetic
variant of the P450 3A4 or 2D6 enzymes, which in-
creases methadone metabolism; 2) the concomi-
tant use of other medications or alcohol that also
induces P450; or 3) the hypermetabolism and in-
creased volume of distribution during pregnancy.
These patients may require twice-daily (split) dos-
ing to produce more stable, steady-state methadone levels. However, the vast majority of
patients with break-through craving are managed with an increase in their once-daily
methadone dose.

An intriguing study in this issue of the Journal raises serious questions regarding this
latter approach. Langleben et al. report that both cue-induced craving and its associ-
ated neural activation are heightened just prior to methadone dosing compared with
the same measures obtained just after methadone dosing. In this thoughtfully designed
study, heroin-dependent patients maintained on stable doses of methadone were as-
sessed during two discrete periods: 90 minutes after (post) their morning dose of meth-
adone and 90 minutes before (pre) their morning methadone dose. These two assess-
ments roughly coincide with serum peak and trough methadone concentrations,
although the two sessions were obtained 3 to 4 weeks apart (randomized and counter-
balanced) to minimize the effect of the repeated measure. Craving was induced with vi-
sual heroin-associated stimuli, and brain activity was assessed with functional mag-
netic resonance imaging (fMRI). The investigators found that, whereas basal measures
of craving before and after methadone dosing were not significantly different (p=0.2),
cue-induced craving was markedly higher just prior to methadone dosing (p<0.002).
Both sessions resulted in limbic neural activation, consistent with cue-reactivity studies
in opioid-, cocaine-, alcohol-, and nicotine-dependent subjects. Importantly, however,
cue-induced craving prior to methadone induced significantly greater activation in the
amygdala, hippocampus, and insula compared with the session following methadone
administration. Increases in amygdala and hippocampal signaling offer compelling ev-
idence that activation of drug-related memories was more intense in the premethadone
session. (Although an increase in insular activation may reveal interoceptive awareness
of the drug-associated cues, this process is generally attributed to the anterior insula in-
stead of the posterior insula [as seen in Figure 1 of the Langleben et al. article, bottom
panel.]) Previous reports documenting an association between cue-induced neural ac-
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tivation in cocaine- or alcohol-dependent patients and subsequent relapse provide
clinical relevance to these findings (2, 3).

There are shortfalls in the Langleben et al. study that may mitigate the findings. It is
not known if other medications were prescribed that could have altered neural respon-
sivity or methadone metabolism. At least some subjects reported relatively recent her-
oin use (4 days prior to the study). The lack of a placebo control did not allow a drug-ex-
pectancy effect to be assessed. The relationship between cue-induced craving and
other withdrawal-related symptoms was not explored, and the relationship between
craving and fMRI response with methadone levels was not presented. These potential
weaknesses guide the way for future investigations. Nevertheless, the straightforward
results of the study should alert the clinician that once-daily dosing may not suffice for
a number of methadone-maintained patients. Particularly troubling is that basal mea-
sures of craving did not differ in the pre- and postsessions, suggesting that break-
through craving may only occur in the presence of drug cues. This may obscure dosing
troughs until cue-induced relapse has already occurred.

Although the appealing brain images focus our attention, do Langleben et al. really
tell us anything new? When methadone maintenance was first developed as a treatment
for heroin dependence, the once-daily regimen was instituted as a result of metha-
done’s long half-life and ease of administration in a clinic setting requiring on-site ad-
ministration (4). This dosing strategy has continued given its proven effectiveness.
However, methadone dosing is thrice daily (or more) when used as an analgesic. The ra-
tionale for these divergent dosing approaches is presumably a result of differing phar-
macodynamic requirements for opioid receptors involved in addiction relative to pain.
Yet many investigators, including Dyer and White (5) and Kreek (6), have noted that
30% to 40% of methadone-maintained patients endorse a progressive worsening of
withdrawal symptoms that peak just prior to their methadone dose. Several decades of
accumulated evidence may suggest that the once-daily dosing for methadone mainte-
nance may not be sufficient for a large number of patients.

So how might the physician determine if split dosing is required? Absolute measures
of serum methadone concentrations have not proven to be particularly helpful in guid-
ing dosing (5), although peak methadone levels should be above 400 ng/ml, and the ra-

FIGURE 1. Methadone Split Dosing for the Treatment of Opioid Addiction

a Splitting the dose (red line) keeps serum methadone level within the therapeutic range (orange zone), avoiding
high peak and low trough levels (blue line) (8). In Langleben et al., the approximate times of the sessions are
noted by “post” (postmethadone) and “pre” (premethadone). Figure adapted from Leavitt SB: “Methadone Dos-
ing and Safety in the Treatment of Opioid Addiction,” Addiction Treat Forum 2003; (Sept):1–8. Copyright © Ad-
diction Treatment Forum. Reprinted with permission.
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tio of peak-to-trough methadone levels should not differ by more than a factor of 2 (7).
Brain opioid receptor binding displacement by methadone, as measured by [11C]di-
prenorphine binding with positron emission tomography, reveals that relatively few
opioid receptors are displaced during peak methadone dosing, indicating that even so-
phisticated neuroimaging assessments of receptor displacement would also not assist
in dosing strategies (8). It appears that only patient endorsement of craving, withdrawal
symptoms, or a return to heroin use—particularly just prior to the expected methadone
dose—can accurately advise the clinician. Future research may offer better alternatives.

As a practical matter, it may be difficult to use split dosing for patients in methadone
maintenance, particularly during the early stages of maintenance. Since federal regula-
tions (42 CFR Part 8) require that take-home methadone be “limited to a single dose each
week” during the first 90 days of treatment, twice-daily visits for split dosing would be im-
practical for most patients and nonviable because most clinics only offer morning dis-
pensing. Federal regulations continue to limit take-home to “doses” rather than daily dos-
ing for the first 9 months of treatment. These regulations can also be superseded by more
restrictive state or program regulations. Although exemptions for split dosing can be re-
quested, the study by Langleben et al. emphasizes the nontherapeutic rigidity of the fed-
eral guidelines. That being said, split dosing should not be taken lightly. Compliance typ-
ically drops sharply with twice-daily dosing, diversion worsens, and costs increase. An
alternative approach, of course, is to switch these patients to the even longer acting par-
tial agonist buprenorphine, although empirical (9) and anecdotal evidence suggests that
this medication may also require split dosing in some patients.

Langleben et al. highlight the usefulness of well-designed neuroimaging studies. Al-
though perhaps only confirming clinical observations described over decades of study,
there is something particularly convincing about seeing our clinical insights confirmed
in the visual images of neurobiological activation.
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