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Modern community-based studies have revealed high prevalence rates for major depression in adults. Despite this
high prevalence, many depressed individuals do not seek treatment and only a minority of those that do are
prescribed antidepressants. This paper considers the role of antidepressants, especially of milnacipran in the
treatment of major depression.

Milnacipran inhibits the reuptake of serotonin and noradrenaline (SNRI) in a selective manner without a�ecting
various postsynaptic receptor sites; this results in a favourable tolerability pro®le of the drug. Minimising adverse
events is important to enhance patient compliance and facilitate the administration of therapeutic doses of anti-
depressants. Data from placebo-controlled trials and the results of comparator studies involving TCAs and SSRIs
have con®rmed that milnacipran is an e�ective and well tolerated antidepressant, particularly useful in patients with
severe depression. A recent pharmacoeconomic study has con®rmed that milnacipran is a cost e�ective alternative to
TCAs and SSRIs in the treatment of severe depression. # 1997 John Wiley & Sons, Ltd.
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INTRODUCTION

Although depression is widely acknowledged to be
a serious medical problem, evaluating the data on
the incidence and prevalence of depression in the
community is fraught with methodological and
sociological di�culties (Angst, 1997). However, it
is clear that modern community-based studies have
revealed high prevalence rates for major depression
in adults up to the age of 65 years and of recurrent
brief depression up to the age of 35 years. Although
major depression appears to be less common in the
elderly than the rest of the adult population,
dysthymia and minor depression are more common
in this population. Despite the high prevalence
of depression, studies suggest that between 30%
and 66% of depressed individuals do not seek
treatment and only a minority (18% in the
European DEPRES Study) of those that do
consult a physician are prescribed antidepressants
(LeÂ pine, 1995). Is this under-prescribing a result of
a lack of availability of adequate medications or are
there other factors involved? This paper considers
the role of antidepressants, in particular that of
milnacipran Ð a novel antidepressant Ð in the
treatment of major depression.

The pathogenesis of depression is thought
to involve functional de®cits in noradrenergic
and/or serotonergic central neurotransmission
(Van Praag, 1984). This biochemical heterogeneity
suggests that maximal antidepressant activity will
be demonstrated by agents which act on both
noradrenaline and serotonin systems. At present,
the treatment of depression is dominated by two
classes of drugs: the tricyclic antidepressants
(TCAs) and the selective serotonin reuptake
inhibitors (SSRIs). Although a meta-analysis of
55 double blind studies has demonstrated that both
classes have similar e�cacy in the treatment of
depression in outpatients, it also showed that the
TCAs were signi®cantly more e�ective in the
treatment of patients hospitalised for depression
and in patients with severe depression (Anderson
and Tomenson, 1994). Other studies have sug-
gested that SSRIs may be less e�ective than TCAs
in severe depression (Danish University Anti-
depressant Group, 1986; Danish University Anti-
depressant Group, 1990; Edwards, 1992; Finley,
1994; Martin et al., 1997).

The inhibition of serotonin and noradrenaline
reuptake by TCAs is postulated to be responsible
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for their therapeutic e�ects (Potter et al., 1991). In
addition, however, TCAs bind to various post-
synaptic receptors, such as adrenergic, muscarinic
and histaminergic receptor sites. The non-speci®c
binding of TCAs to these receptors results in a
range of adverse events, including dry mouth,
constipation, tremor, increased sweating, sedation,
dizziness, as well as visual and taste disturbances
(Richelson, 1983). TCA usage is associated with
cardiovascular side-e�ects, such as tachycardia,
postural hypotension and, at high doses, arrhyth-
mias. TCA administration can produce signi®-
cant changes in a patient's electrocardiogram, with
prolongation of the PR interval, the QRS complex
and the corrected QT interval (Montgomery et al.,
1996). As a result of these cardiovascular changes,
TCAs are potentially lethal when taken in over-
dose, either intentionally or accidentally.

The second class of antidepressants Ð the
SSRIs Ð was developed with the aim of targeting
the serotonin neurotransmitter system more pre-
cisely than the TCAs. It was hoped that they would
be e�ective drugs with a more favourable toler-
ability pro®le than the TCAs. To a large extent, this
goal has been achieved: SSRIs are widely used in
the treatment of depression, particularly in patients
with less severe forms of the condition, and are well
tolerated (Anderson and Tomenson, 1994; Danish
University Antidepressant Group, 1986; Danish
University Antidepressant Group, 1990; DeVane,
1994; Edwards, 1992; Finley, 1994; Martin et al.,
1997).

Despite the presence of TCAs and SSRIs in the
armamentarium, there is still a need for anti-
depressants which are e�ective in the treatment of
patients with severe depression and which possess
favourable tolerability pro®les. This is particularly
important when one considers the impact that
improved tolerability has on patient compliance
and, hence, the e�cacy of a course of treatment
(Martin et al., 1997; Sussman, 1994). Milnacipran
(Ixel1, Pierre Fabre MeÂ dicament) is a novel anti-
depressant agent which ful®ls these requirements: it
has been shown to be e�ective in the treatment of
both moderate and severe depression in a range of
placebo controlled and comparator studies and is
well tolerated (Kasper et al., 1996; Lecrubier et al.,
1996; Lopez-Ibor et al., 1996; Macher et al., 1989;
Serre et al., 1986).

Milnacipran inhibits the reuptake of sero-
tonin and noradrenaline (SNRI) in a selective
manner without a�ecting postsynaptic cholinergic,
adrenergic, histamineric H1 , dopamineric D2 or

serotonergic receptor sites (Briley et al., 1996;
Moret et al., 1985). The lack of interaction with
postsynaptic receptor sites has resulted in a benign
side e�ect pro®le. In particular, milnacipran has
little or no e�ect on cardiovascular function, unlike
TCAs (Montgomery et al., 1996). This reduces the
risks associated with milnacipran overdose. To
date, more than 15 patients have taken overdoses
of up to 4.0 g of milnacipran; none of the patients
died and each case had a good outcome.

Data from placebo controlled trials and the
results of comparator studies involving TCAs
and SSRIs have con®rmed that milnacipran is a
useful and e�ective antidepressant, particularly in
the treatment of patients with severe depression
(Kasper et al., 1996; Lecrubier et al., 1996; Lopez-
Ibor et al., 1996; Macher et al., 1989; Serre et al.,
1986). This paper reviews the place of milnacipran
in the current armamentarium of antidepressant
drugs.

CLINICAL TRIALS OF MILNACIPRAN

Three multi-centre, placebo-controlled trials of the
e�cacy of milnacipran in the treatment of major
depressive disorder have been conducted (Lecrubier
et al., 1996; Macher et al., 1989). A meta-analysis
of the results of patients treated with 50 mg
milnacipran (intent to treat values: milnacipran-
treated group � 227; placebo group � 211), which
were all of similar design and methodology, has
been performed (Puech et al., 1997). In addition, a
sub-analysis of data from hospitalised patients was
undertaken to evaluate the e�cacy of milnacipran
in patients with severe depression (intent to treat
values: milnacipran-treated group � 97; placebo
group � 78).
The e�ectiveness of milnacipran was evaluated

by means of the Montgomery-Asberg Depression
rating scale (MADRS), the Hamilton Depression
Rating Scale (HDRS) and the Clinical Global
Impression (CGI) scale (Guy, 1976; Hamilton,
1960; Montgomery and Asberg, 1979). The princi-
pal analysis was an intent to treat analysis of all
randomised patients based on the last observation
carried forward.

Milnacipran (50 mg bid) was signi®cantly more
e�ective than placebo in all patients with major
depression. A mean di�erence of 2.34 point in
mean HDRS scores and a mean di�erence of
3.65 point in MADRS scores between patients with
severe depression treated with milnacipran and
those who had received placebo were observed at
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endpoint. According to the European College
of Neuropsychopharmacology, such e�ect sizes
indicate clinically relevant drug-placebo di�erences
(European College of Neuropsychopharmacology,
1995). Milnacipran was also more e�ective than
placebo in a statistically signi®cant manner in
hospitalised patients with major depression.

The e�cacy of milnacipran (50 mg bid) in the
treatment of severe depression has been compared
with that of imipramine (75 mg bid in ®ve studies
and 50 mg bid in one study of elderly patients) in
six double blind trials of comparable design. One
study has compared the e�cacy of milnacipran
(50 mg bid) with that of clomipramine (75 mg bid)
in patients with major depressive disorders. A
meta-analysis of the trials involving imipramine
compared the weighted means of the observed
values on the HDRS and the MADRS obtained in
the intention to treat analysis of all randomised
patients with the last observation carried forward.
This meta-analysis showed that milnacipran and
imipramine are equally e�ective in hospitalised
patients with major depression (Puech et al., 1997).

Lopez-Ibor has reviewed the design and results
of two multicentre, randomised, double blind;
parallel group studies which compared milnacipran
(50 mg bid) with ¯uoxetine (20 mg qd) or ¯uvox-
amine (100 mg bid) in the treatment of 306 patients
with major depressive disorders (Lopez-Ibor et al.,
1996). A meta-analysis of the two studies has
demonstrated statistically signi®cant di�erences
between milnacipran and the SSRIs in terms of
changes in HDRS and MADRS scores from
baseline, as well as the response rates as measured
on both scales (Lopez-Ibor et al., 1996). On the
HDRS, there was a 2.61 point di�erence between
milnacipran-treated patients and SSRI-treated
patients; this di�erence was 4.17 points using
the MADRS. These di�erences are clinically, as
well as statistically, signi®cant (European College
of Neuropsychopharmacology, 1995).

TOLERABILITY PROFILES
OF ANTIDEPRESSANTS

When treating patients with major depressive
episodes, and especially those with severe depres-
sion, e�ective treatment will only be achieved if the
patients remain compliant with their medication
(Martin et al., 1997; Sussman, 1994). Minimising
the likelihood of adverse events developing is one
important factor in enhancing patient compliance.
Although TCAs are very e�ective in the treatment

of severe depression, their usage is associated with
a high frequency of adverse events which may lead
to dose reductions or discontinuation of therapy.
During the comparative studies of milnacipran and
TCAs, the rate of withdrawal due to side e�ects
in the milnacipran-treated groups was approx-
imately half that seen in the TCA-treated arms
(7.6% versus 14.8%) (Kasper et al., 1996). This
di�erence suggests that milnacipran is better
tolerated than imipramine.

When the range and frequencies of adverse
events reported during the milnacipran comparator
studies are examined (Table 1), it is clear that
milnacipran possesses a much more benign tolera-
bility pro®le than the TCAs. Dysuria was the
only adverse event which occurred more than
twice as frequently during milnacipran treatment
(2.1%) than during TCA (0.6%) or SSRI therapy
(0.3%). It was probably caused by the noradren-
ergic potentiation induced by milnacipran and
the drug's lack of a1-adrenoceptor antagonism.
Patients at particular risk of dysuria, such as men
with prostate disorders, should be monitored while
receiving milnacipran. Milnacipran may be contra-
indicated in patients with pre-existing dysuria.

The cardiovascular safety pro®les of milnacipran
and the TCAs have been compared because TCA
usage is associated with a high incidence of
postural hypotension and can induce potentially
fatal cardiac arrhythmias, particularly at high
doses (Kasper et al., 1996; Montgomery et al.,
1996). Although the haemodynamic e�ects of
milnacipran are similar to those of the TCAs, in
terms of a slightly increased heart rate and a
negligible change in blood pressure, the incidence
of orthostatic hypotension (de®ned as a decrease of
420 mmHg) was signi®cantly less in milnacipran-
treated patients than in TCA-treated patients.
The two agents also di�er in their electrophysio-
logical e�ects. A total of 2182 ECG traces from
939 patients, who were receiving milnacipran,
TCAs, SSRIs or placebo, were analysed. Milnaci-
pran therapy had no e�ect on the PR interval, the
QRS duration or the corrected QT space while all
of these measures increased in patients who were
receiving TCAs.

The tolerability pro®les of milnacipran and
the SSRIs are quantitatively similar (Table 1).
Milnacipran was associated with a lower incidence
of gastro-intestinal disturbances and anxiety than
SSRI therapy. Nausea, diarrhoea and hypotension
occurred more frequently in SSRI-treated patients
(20.1%, 3.5% and 2.3%, respectively) than in
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milnacipran-treated patients (11.2%, 1.6% and
1.0%, respectively). However, milnacipran was
associated with a higher frequency of headache,
dry mouth and dysuria than the SSRIs (8.4%
versus 4.1%, 7.9% versus 3.8% and 2.1% versus
0.3%, respectively).

The incidence of serious adverse events related to
lack of response (suicides and attempted suicides)
to milnacipran, TCAs and SSRIs is presented in
Table 2. The number of such events per 100 patient
years was similar in patients treated with milnaci-
pran or TCAs: 6.46 and 8.99, respectively. The
incidence was much higher in the SSRI-treated
group: 22.9. However, caution should be used
when interpreting these data as the patient
numbers involved were small.

Overall, the tolerability pro®le of milnacipran
is superior to that of the TCAs and similar to that
of the SSRIs. It is probable that this is due to
the pharmacological selectivity of milnacipran,
especially its lack of interaction with postsynaptic

receptors (Briley et al., 1996). Adverse events, such
as dry mouth and constipation which are com-
monly seen with TCA usage and are associated
with anticholinergic e�ects, are infrequent during
milnacipran therapy because of the drug's lack of
a�nity for the muscarinic receptor. Since milnaci-
pran does not antagonise the a1-adrenoreceptors or
the H1 histamine receptors, it does not induce
fatigue to the same extent as TCA therapy.

DISCUSSION

Having reviewed the results of the placebo
controlled and comparative studies, can we identify
the place that milnacipran should take in the
current armamentarium of antidepressant agents?
Milnacipran is an e�ective antidepressant. It has
been shown to be active in both ambulatory
patients and in hospitalised patients su�ering from
major depressive episodes of moderate or severe
intensity (Kasper et al., 1996; Lecrubier et al., 1996;

Table 1. Comparison of adverse events with milnacipran, 50 mg bid, TCAs and SSRIs

More than twice as frequent with More than twice as frequent with
milnacipran than with TCAs TCAs than with milnacipran

Dysuria (2.1% vs. 0.6%) Dry mouth (37.3% vs. 7.9%)
Constipation (14.9% vs. 6.5%)
Tremor (12.8% vs. 2.5%)
Increased sweating (12.2% vs. 4.3%)
Somnolence (10.5% vs. 2.3%)
Fatigue (8.9% vs. 2.5%)
Dizziness (8.5% vs. 1.5%)
Visual disturbances (5.9% vs. 1.6%)
Taste disturbances (4.7% vs. 1.3%)
Malaise (4.1% vs. 1.5%)
Diarrhoea (3.4% vs. 1.7%)

More than twice as frequent with More than twice as frequent with
milnacipran as with SSRIs SSRI as with milnacipran

Headache (8.4% vs. 4.1%) Nausea (20.1% vs. 11.2%)
Dry mouth (7.9% vs. 3.8%) Diarrhoea (3.5% vs. 1.6%)
Dysuria (2.1% vs. 0.3%) Hypotension (2.3% vs. 1.0%)

Table 2. Incidence of serious adverse events related to lack of response to treatment in patients treated with
milnacipran, TCAs or SSRIs

Treatment Number of Duration of Suicides Attempted Events per
patients exposure suicides 100 patient

(patient-years) years

Milnacipran 4006 975.27 14 49 6.46
TCAs 940 177.68 3 13 8.99
SSRIs 344 47.9 1 10 22.9
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Lopez-Ibor et al., 1996; Macher et al., 1989;
Serre et al., 1986). The e�cacy of milnacipran is
similar to that of the TCAs in patients hospitalised
with severe depression (Kasper et al., 1996).
Comparative studies involving the SSRIs, ¯uox-
etine and ¯uvoxamine, have demonstrated milna-
cipran's superiority in the treatment of serious
depression (Ansseau et al., 1994; Lopez-Ibor et al.,
1996). These results have been interpreted as
supporting the hypothesis that simultaneous activ-
ity on both serotonin and noradrenaline reuptake is
required for optimal antidepressant activity, espec-
ially in patients with severe depression.
The tolerability pro®le of milnacipran is

more favourable than the pro®les of the TCAs
and suggest that the drug could be administered to
patients who are unable to tolerate TCAs. This
may be of particular value when treating elderly
patients or those with cardiovascular dysfunction.
Reducing the incidence of adverse events may
also improve patient compliance (Martin et al.,
1997; Sussman, 1994). Improved safety in overdose
may also be an important consideration when
prescribing antidepressants. The mean CG1-3
score, which provides a measure of the overall
e�cacy and tolerability of a drug, was signi®cantly
higher for milnacipran than for imipramine (2.3 vs.
2.1, p � 0:05) (Montgomery et al., 1996).

Milnacipran is as well tolerated as the SSRIs but
exhibits superior e�cacy, particularly in patients
with severe depression. As a result, the therapeutic
index of milnacipran is higher than that of the
SSRIs, particularly in cases of severe depression
(Montgomery et al., 1996). The agent provides a
useful alternative to SSRIs in cases where superior
e�cacy and a benign tolerability pro®le are
required.

Other factors, apart from the e�cacy and
tolerability pro®le of an antidepressant, also a�ect
its clinical utility. For example, a simple dosing
schedule is much more acceptable to a patient than
a more demanding regimen and is associated with
improved compliance (MoÈ ller and Volz, 1996;
Sussman, 1994). Milnacipran is taken twice a day
and no dietary restrictions are necessary. The
dosing schedule is a�ected by the half life of a
drug: a short life requires frequent dosing which
may reduce compliance while a long half life may
allow infrequent dosing but is a disadvantage if it
is necessary to discontinue the drug as a result of
an adverse event. The half life of milnacipran is
approximately seven hours and active metabolites
of the drug are not formed (Puozzo et al., 1985).

Twice daily dosing is therefore required but
exposure to the drug can be rapidly stopped if
required. Fluoxetine has a potent, pharmaco-
logically active metabolite which has a half life of
9±15 days; steady state with this drug is only
reached after 4±6 weeks and there is a risk of
signi®cant drug-drug interactions up to ®ve weeks
after withdrawal of ¯uoxetine (Ben®eld et al.,
1986).

Steady state of milnacipran is achieved within
two days and the drug does not accumulate during
prolonged dosing (Montgomery et al., 1996). Since
milnacipran has predictable pharmacokinetics with
little inter-individual variability, there is no need
to titrate the dosage and the full dose can be
taken immediately, unless the patient has renal
dysfunction in which case the dose should be
reduced. Unlike the TCAs which are often taken in
lower doses than those recommended, especially in
the community setting, the benign tolerance pro®le
of milnacipran ensures that the majority of
patients can adhere to the optimal treatment
regimen (Martin et al., 1997; MoÈ ller and Volz,
1996; Montgomery et al., 1996).

Many depressed patients, especially elderly
patients or those with chronic illnesses, are taking
concomitant medications as well as their anti-
depressant therapy. The potential for drug-drug
interactions must therefore be considered when
choosing an antidepressant agent. Many drugs,
both psychotropic and non-psychotropic, are
metabolised by the cytochrome P450 system. The
risk of drug-drug interactions with milnacipran is
low because of its lack of interaction with the P450
system and its low and non-saturable plasma
protein binding (Briley and Moret, 1997). Drug
interaction studies have shown no evidence of
interactions between milnacipran and psychotropic
drugs such as lithium, benzodiazepines, levome-
promazine and carbamazepine and, hence, there is
no need to alter the dose of these drugs. The speed
of the onset of action of an antidepressant has an
impact on its e�cacy. There are reports that
venlafaxine, a SNRI, has a rapid onset of action,
especially at higher doses (Briley and Moret, 1997).
However, the clinical relevance of this observation
may be reduced by the fact that higher doses of
venlafaxine can only be administered after a dose
titration process because of poor tolerability. The
onset of action of milnacipran has been shown to
be similar to that of other antidepressants when
measured by MADRS and HRDRS scores (Lopez-
Ibor et al., 1996). It should be noted that, unlike
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many other antidepressants, there is no need to
titrate the dose of milnacipran; the therapeutic dose
(100 mg/day) of milnacipran can be administered
immediately.

Pharmacoeconomic considerations are becom-
ing increasingly important in the current climate
where healthcare budgets are under constant
review. The cost e�ectiveness of new agents, which
are usually more expensive in terms of drug acqui-
sition costs than older agents, has to be evaluated
and may play a role in deciding which antidepres-
sant to prescribe. A decision tree analysis model
has been used to compare the cost e�ectiveness,
from the point of view of the French National
Health System, of milnacipran with that of TCAs
and SSRIs for the treatment of one acute episode
of severe depression (Dardennes et al., 1997). This
model demonstrated that, although the acquisition
costs of milnacipran are higher than those of the
TCAs or SSRIs, the e�cacy and tolerability of the
drug, as well as the increased likelihood of utilising
the therapeutic dose and of obtaining good patient
compliance, mean that milnacipran is a cost e�ect-
ive alternative to TCAs and SSRIs in the treatment
of severe depression.

In conclusion, milnacipran possesses several
qualities which make it the drug of choice for
®rst line treatment of many depressed and
severely depressed patients. Its e�cacy and favour-
able tolerability pro®le, which are due to its
selective pharmacological characteristics, make it a
valuable addition to the antidepressant armament-
arium.
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