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Depressive disorders are common, costly, and often chronic or
recurrent. The Sequenced Treatment Alternatives to Relieve
Depression (STAR*D) study revealed that more than 1 in 3
outpatients with major depressive disorder will not achieve
symptomatic remission despite several attempts at monother-
apy, augmentation, and/or combination treatment (1–3). The
Systematic Treatment Enhancement Program for Bipolar Dis-
order (STEP-BD) study of over 2,000 outpatients with bipolar
disorder found that adding antidepressants to mood stabilizers
did not improve outcomes in patients with bipolar depression (4).

Most depressedpatients initiate treatment inprimary care
settings. As primary care treatment improves, psychiatrists
are likely to see more and more depressed patients with two,
three, or more adequately delivered but failed treatment
trials. Only a few treatments, such as atypical antipsychotic
medications, olanzapine and fluoxetine combined, ECT, trans-
cranial magnetic stimulation, lithium (5), and, most recently,
pramipexole (6), have been studied in randomized controlled
trials for treatment-resistant depression, which is usually de-
fined as failure of one or two well-delivered antidepressant

medications. Since these trials are often designed for regulatory
approval, they selectively enroll treatment-resistant patients
with few concurrent psychiatric or general medical conditions,
and they cap the number of prior failed treatment trials at study
entry. Consequently, despite the prevalence and the clinical,
economic, and occupational impact of treatment-resistant de-
pression (7–9), there is scant evidence from open case series or
randomized trials to guidepractitioners in treatingpatientswith
treatment-resistant depression.

Studies have long suggested that agents that enhance
dopamine neurotransmission may be particularly useful in
treatment-resistant depression (10–13). Results of clinical
studies are consistent with the notion that the dopamine
system plays a critical role in treatment-resistant depression.
For example, monoamine oxidase inhibitors (MAOIs) (14)
and stimulants appear to be effective augmenting agents in
treatment-resistant depression (15, 16), and they both en-
hance dopamine function, albeit by different mechanisms.
Furthermore, patients with treatment-resistant depression
typically have profound deficits in interest, motivation, and

A trial of pramipexole is begun in a woman with long-term treatment-resistant depression

“Ms. A,” a 42-year-old college professor, presented in a
chronic major depressive episode, with severe anxiety
and suicidal thoughts, that had lasted more than 5 years.
Previous treatments, all of which had proved ineffective,
included three selective serotonin reuptake inhibitors,
venlafaxine, bupropion, nortriptyline, and a course of
eightECT treatments.Ms.Ahadbeendemoted inher job,
adding financial and marital stresses.

Ms. A began pramipexole while continuing a regimen
of venlafaxine, bupropion, and nortriptyline. Over 3–4
weeks, after her dosage reached 3.0 mg/day h.s., she
responded and became more productive at work. Over
several more weeks, her depression remitted. Venlafax-
ine was discontinued because of an inability to tolerate

the side effects. The other antidepressants were tapered
off, and thepatientwasmaintainedonpramipexole alone.

After being in remission on pramipexole for about 3
years, Ms. A suffered a cardiac event due to a genetically
determined arrhythmia, requiring a cardiac pacemaker.
Pramipexole was discontinued for fear of a negative effect
on cardiac function. Within 10 days, her depression re-
curred, more severe than before pramipexole was initiated,
sopramipexolewasrestarted.Within2weeksat3.0mg/day,
her original therapeutic dosage, her depression remitted.

Except for this relapse after pramipexole discontin-
uation, Ms. A has remained in remission and has func-
tioned at a high level in the 2.5 years since. She was
recently offered her old job back.
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hedonic capacity (17). These symptoms are often associated
with poor outcomes with antidepressants that selectively
target the norepinephrine and serotonin systems. This same
symptom constellation is thought to be most highly de-
pendent on an intact dopamine system (18, 19). In addition,
partial dopamine agonists, such as aripiprazole, are effective
in augmenting various antidepressants in patients with
treatment-resistant depression (20, 21).

Dopamine agonists, such as pramipexole—a relatively
selective dopamine D3 receptor agonist—are thus potential
treatments for depression, especially anhedonic depression.
D3 receptors are found in the mesolimbic system, which in
turn has been implicated in the motoric and hedonic deficits
in depression (9, 10). Parkinson’s disease (22, 23) is associated
with dysfunction in the dopamine systems. In fact, among the
45% of Parkinson’s patients who suffer from depression,
anhedonia is a prominent symptom (24, 25). Both the de-
pression and the anhedonia are frequently reduced with
pramipexole (24–26).

Although preclinical studies suggested that pramipexole
has antidepressant activity (24–26), Goldberg et al. (27) were
the first to report on pramipexole’s efficacy in unipolar and
bipolar depression. The first randomized controlled trial in
patients with non-treatment-resistant major depressive
disorder, by Corrigan et al. (28), evaluated three dosages of
pramipexole. The lowest dosage (0.375 mg/day) did not
differentiate from placebo. The efficacy of the highest dosage
(5.0mg/day)wasnot evaluable, becauseof a 58%attrition rate.
Thethirddosage(1.0mg/day)wasmoreeffectivethanplacebo.

Recently, Cusin et al. (6) compared adjunctive prami-
pexole with placebo in an 8-week randomized double-blind
trial with 60 outpatients with major depression for whom at
least one adequate antidepressant medication trial (mean,
two trials) had failed. Although a modest statistically sig-
nificant benefit of pramipexole over placebo was detected,
neither the response rates (40% compared with 33%) nor the
remissionrates (27%comparedwith23%)differedsignificantly
between groups. Dosages were modest (mean51.35 mg/day;
maximum52.0 mg/day). The literature as a whole suggests a
modest effect of pramipexole in non-treatment-resistant to
mildly treatment-resistant depression.

Our findings in a consecutive case series of 42 patients
with treatment-refractory depressive episodes treated with
pramipexole suggest that higher dosages produce a more ro-
bust therapeutic effect in this patient population. In presenting
theresultsbelow,weaimtoaddress twoquestions inparticular:

1. What outcomesmight be expectedwith pramipexole used
as an adjunctive medication in patients with treatment-
refractorydepression,with thedosage routinely increased
to the highest tolerated level?

2. How are these patients, who are also taking concomitant
antidepressant or mood stabilizing agents, best managed
during adjunctive treatment with pramipexole?

This report includes all patients who were treated with
pramipexole by thefirst author or by psychiatric residents he

personally supervised between January 2009 and July 2014.
Since these patients are from a treatment series, rather than
a designed study, the diagnoses, clinical outcomes (e.g.,
symptomatic response, remission,nonresponse, intolerance),
and side effects were assessed openly by the clinicians, and
medication adjustments were based on these clinical as-
sessments. Physicians informed theirpatients aboutpotential
risks and problems with pramipexole, based on the available
literature. Patients were typically seen every other week
during pramipexole titration. Because there was initially no
plan to accumulate data or report on these patients for re-
search purposes, neither institutional review board approval
norwritten informed consent to participate in this case series
was obtained.

Results

Patient Sample. The sample included 42 outpatients (25–84
years old), 24 of them with major depressive disorder and 18
with bipolar depression; half of the group were women. (For
basic demographic and clinical data on all patients, see Table
S1 in the data supplement that accompanies the online edi-
tion of this article.) None of the patients had evidence of
psychotic depression (hallucinations or delusions) at base-
line. All patients had treatment-resistant depression, defined
as having failed to respond to at least four adequate anti-
depressant medication trials; the mean number of failed
trials was 6.0 (SD51.45), and eight of the 42 patients had not
responded to one or more courses of ECT. (For data on
previous treatment trials for all patients, see Table S2 in the
data supplement.)

Treatment. All patients began pramipexole while on other
medications because it was not known whether adding
pramipexole would be helpful. We initially selected patients
with failed ECT trials who had exhausted many commonly
used treatments. Aswe sawbenefit and gained experiencewith
pramipexole dosing and management, we began to use it in
patients with treatment-resistant depression who had not
received ECT.

All patients were directed to take pramipexole only at
bedtime, with dosages ranging from 0.25 to 5.0 mg/day. For
patients under age 45, dosing started at 0.25 mg/day and was
raised every 3 days in 0.25-mg incrementswith an initial goal
of 2.0 mg/day. Further dosage increases were undertaken if
feasible and if remission had not been achieved after 2–3
weeks on 2.0 mg/day. For patients over age 45, given clinical
observation and evidence of decreasing numbers of D3 re-
ceptors with age (29, 30), dosing started at 0.5 mg/day and
increased in 0.5-mg increments, but otherwise the same
treatment plan was followed. For all patients, if intolerance
was encountered with a dosage increase, the dosage was
reduced to the prior level for 1–2weeks and then raised again
if remission was not achieved. The mean dosage of prami-
pexole for thosewho responded or remittedwas 2.46mg/day
(SD51.1).
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In 5 years of using pramipexole, we have
recognized tactics that may enhance the tol-
erability of pramipexole for patients. In dos-
ing, there is a tension between the need to
reach an individual’s therapeutic level rapidly,
before the patient becomes discouraged and
discontinues the medication, and the need to
avoid side effects that cause premature dis-
continuation. Some patients respond or remit
with lower dosages of pramipexole, while
others require higher dosages, so dosage es-
calation must be tailored to the individual
patient. Table 1 summarizes our experience in
managing patients receiving pramipexole.

For example, during titration, several pa-
tients experienced nausea severe enough for them to request
discontinuation. We reduced the dosage to the last dosage at
which nauseawas not apparent, and then raised it again after
1–2 weeks. This second attempt was associated with less
nausea, andwewere thus able to raise thedosage.Onepatient
(patient 16 in Tables S1 and S2 in the data supplement) ini-
tially could not tolerate even 0.5 mg/day and decided to
discontinue the medication. We persuaded her to try again,
this time titrating the dosage more slowly, and she achieved
remission with 1.0 mg/day. An 84-year-old patient with bi-
polar disorder (patient 6) has remained well on 3.0–5.0
mg/day over 36 months, despite having undergone a nec-
essary course of prednisone (up to 40 mg/day) for a lung
infection.

Outcomes. Of these 42 patients, 20 remitted (47.6%), 12
responded(28.6%), twodidnot respond(4.8%), andeightcould
not tolerate the drug (19.0%). Intolerance was encountered
early, often at a low dosage and usually due to nausea. Of
the eight patients who had failed to benefit from ECT (two
had bipolar disorder), four responded and four remitted
with pramipexole (Table 2).

The 32 patients who responded or remitted have been
followed for an average of 15.9months (SD514.2, range53–60),
accounting for 44.2 patient-years of pramipexole exposure.
Twoof thesepatients (patients 10and 19 inTablesS1 andS2 in
the data supplement) relapsed after being on pramipexole for
12 and 18 months, respectively.

Seven patients who responded or remitted with prami-
pexole (patients 9, 12, 15, 16, 19, 20, and 23) had to discontinue
pramipexole for various reasons. In five of them (patients 9,
15, 16, 19, and 20), the depression returned within 1–2 weeks,
and in the other two, the depression did not return. In four
of the five patients who restarted pramipexole (patients 15,
16, 19, and 20), the prior response or remission returned
within 1–2 weeks after the prior effective dosage was
reestablished.

Adverse Events. Intolerance was the most frequent adverse
event. Intolerance occurred early—within 3–10 days—and
typically at low dosages (0.25–1.0 mg/day). Most early

intolerancewas due to nausea. The other acute adverse events
included sleeplessness, sleepiness, increased anxiety, panic
attacks (in one patient), early insomnia, and increased sexual
arousal. In some patients, intolerance may be overcome by
dosage reduction followed by repeat escalation.

Only one of the 42 patients had an activating response
(irritability) to pramipexole after having a positive mood
response. Two patients reported hypersexuality (patients 24
and 19 in Tables S1 and S2 in the data supplement), both of
them men with bipolar II disorder. This was addressed by
reducing the pramipexole dosage.No patient on pramipexole
attempted suicide or reported increased suicidal ideation. No
clinically apparentweight gain or losswas noted. One patient
(patient 9) developed psychotic symptoms (delusions and
visual hallucinations) after 12 months of response to pra-
mipexole, during a period when she suffered high fever,
chills, dehydration, and disorientation due to a renal in-
fection; she has since been diagnosed with a genetic form of
polycystic kidney disease. Pramipexolewas discontinued as a
precaution, but over 1–2 months, the patient suffered a re-
currence of depression, which lifted when pramipexole was
restarted at 1.0 mg/day, without a return of psychotic
symptoms.

Discussion

To our knowledge, this is the first case series of adjunctive
pramipexole in patients with treatment-resistant depression
for whom at least four previous treatments in the current
episode had failed. Overall, 76% of the patients showed a
meaningful clinical response that persisted, while 24% were
intolerant or nonresponsive to pramipexole. Effective pra-
mipexole dosages ranged from 0.75 to 5.0 mg/day. The mean
effective dosage of pramipexole in responders and remitters
(N532) was 2.46 mg/day (SD51.1), which is a higher mean
dosage than those reported in previous studies.

Thebeneficial effects of pramipexole that occurredamong
responders and remitters seemed largely to persist over the
almost 16-month follow-up period. As of this writing, only
two patients relapsedwhile continuing on pramipexole. This
relapse rate is lower than that reported in the STAR*D study

TABLE 1. Practical Guidance in the Use of Pramipexole in Treatment-Resistant
Depressive Episodes

Slower titration rate in younger patients
Starting dose not more than 0.125–0.50 mg/day h.s.
Dose only once a day at bedtime, unless patient has trouble with sleep (rare)
Therapeutic dose range, 1.0–5.0 mg/day
Commonadverseevents: nausea, sleepiness, dizziness, tremors, compulsivebehaviors,
sleep attacks

Depressive episodes that are associated with severe anhedonia, lack of motivation,
inability to initiate behaviors, and unreactive mood are likely good candidates

Expected benefit, if it occurs, by 4 weeks at maximally tolerated dose
Avoid abrupt discontinuation because the risk of dopamine agonist withdrawal
syndromea may be as high as 1 in 7

Whennausea isencountered, reducethedosage, then try raising it againafter 1–2weeks

a Dopamine agonist withdrawal syndrome is characterized by autonomic instability, anxiety,
insomnia, fatigue, and motor symptoms that can persist.
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(40%270%) (2), albeit in a naturalistic follow-up. In the
STEP-BD study, the relapse rate was 50% over the 2-year
follow-up (4).

Prior evidence exists for the efficacy of pramipexole in
depressive episodes inmajor depressive disorder and bipolar
disorder (13, 27, 28). Pramipexole seems to benefit patients
who have major depression without evidence of treatment
resistance (28) and patients in a treatment-resistant de-
pressive episode in both unipolar depression (28) and bipolar
disorder (6). Thepresent case series suggests that an effective
dosage for treatment-refractory depression is likely to be
between 2.0 and 3.5 mg/day, but that some patients may
respond or remit with lower dosages while others may need
up to 5.0mg/day. This estimate is consonantwith suggestions
in the literature (28).

Our clinical impression is that slower dosage escalation is
called for in younger patients and that bedtime-only dosing is
associatedwith a lower incidence and severity of side effects,
especially nausea, compared with twice daily or thrice daily
dosing. Generally, the dosage was increased in this sample
until clinical response or remission was achieved or in-
tolerable sideeffectsdeveloped.Wearecareful to tellpatients
never to discontinue pramipexole abruptly, since a with-
drawal syndrome (dopamine agonist withdrawal syndrome)
was reported in 19% of 26 Parkinson’s disease patientswhose
treatment with a dopamine agonist was tapered off (31). The
syndrome is characterized by increased anxiety, panic at-
tacks, agoraphobia,depression,diaphoresis, fatigue, pain, and
orthostatic hypotension.

Why might pramipexole, a D3 agonist, be effective in
treatment-resistant depression? Pramipexole has both neu-
roprotective and neurorestorative effects on dopamine func-
tion, especially in Parkinson’s disease (32). Neuroprotection
refers to preventing the death of dopamine neurons. Neuro-
restoration refers to the fact that despite substantial damage to
dopamine neurons in the nigrostriatal pathways, one can re-
instate the activity of surviving neurons enough to restore do-
pamine functional recovery (32). In studies of animals that
received foot-shockto induce learnedhelplessness (abehavioral
analogue of anhedonia and depression), those animals treated
with pramipexole had an approximately 50% lower decrease in
dopamine neuron population compared with controls (33).

The acute administration of pramipexole in mice shows a
dose-dependent antidepressant effect in the forced swim test
and the tail suspension test. The dose effectmay be explained

by the fact that at low doses pramipexole
activates mostly D3 presynaptic autore-
ceptors, and only a higher dose activates the
postsynaptic receptors (34). It appears that
both dose and duration of exposure of pra-
mipexole to D3 (mesolimbic) receptors af-
fect dopaminergic function in the striatum.
Therefore, low doses cannot work and higher
doses may work but need time for desensi-
tization of the presynaptic autoreceptors.

As noted earlier, clinical studies indicate
that both MAOIs and stimulants enhance dopamine trans-
missionand are effective in ameaningful proportionofpatients
with treatment-resistant depression who have not achieved
remission with a range of agents that selectively target the
norepinephrine and serotonin systems. As further evidence of
the dopamine system’s relevance in at least some patients with
treatment-resistantdepression, twodouble-blindstudies found
that aripiprazole, a partial dopamine D2 and D3 receptor ag-
onist, is an effective augmentation agent in treatment-resistant
depression (20, 21). Conway et al. (35) found increased indices
of dopamine synthesis capacity in the striatum (using FDOPA
positron emission scanning) in 11 of 14 patients who did not
achieve response with selective serotonin reuptake inhibitors
and thenresponded to6weeksof aripiprazole augmentation. It
appears that pramipexole enhances dopamine firing tone by
acting on D3 autoreceptors, as opposed to the action of
stimulants, which cause a surge of dopamine by reuptake
blocking and release of dopamine. Enhancing D3 receptor
activity has been shown to promote reward activity (36).

This study has several limitations. There was no control
group. Since this was not a planned study, patients were
managed and evaluated clinically without rating scales or
structured interviews. Clinical judgment was the basis for
establishing the diagnoses and for gauging outcomes and side
effects.Whenpatients reported no remaining symptoms, their
depression was considered to have remitted. When they re-
portedsignificant improvementwithsomeresidualsymptoms,
they were considered to have responded. Outcomes were not
blinded and indeedwere used to adjust themedicationdosage.
Nospecificscalewasusedtodocument thedegreeoftreatment
resistance.Nevertheless, patients in the sample seemclearly to
have treatment-resistant depression, as all 42 patients had
failed to respond to multiple medication trials (a mean of six
prior failed adequate antidepressant trials), and in some cases
to ECT as well. The apparent effectiveness of pramipexole
(whenthedosage ispushedtothemaximumtolerated) isabout
75% of patients with this degree of treatment-refractory de-
pression, whichmakes it seemunlikely that this observation is
due to placebo response or spontaneous remission. Further
evidence is provided by the five patients who relapsed after
discontinuing pramipexole and the four who regained prior
therapeutic benefit once pramipexole was restarted (albeit
under open conditions).

Our results support the notion that pramipexole—and
potentially other dopamine agonists—are of value for patients

TABLE 2. Outcomes by Mood Disorder Group in 42 Patients With
Treatment-Resistant Depressive Episodes Treated With Pramipexole

Group Remission Response Nonresponse Intolerant

Bipolar
disorder
(N518)

9 5 1 3

Unipolar
depression
(N524)

11 7 1 5

Total 20 12 2 8
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in a treatment-resistant depressive episode. Appropriate pre-
cautions, careful patient monitoring, and gradual dosage esca-
lationareadvised.PramipexolehasnotbeenapprovedbytheU.S.
Food and Drug Administration for the treatment of depression.
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