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Electroconvulsive Therapy
as a Potentially Effective
Treatment for Severe
Serotonin Syndrome
Two Case Reports

To the Editors:

Ithough many fatal cases had been

reported due to serotonin syndrome
(88), the treatment of severe SS is not yet
established. Electroconvulsive therapy
(ECT) has been reported to be effective
against neuroleptic malignant syndrome
(NMS). Serotonin syndrome is a similar
neurotoxic syndrome; however, there are
few reports on the efficacy of ECT for SS.
We encountered 2 patients with recurrent
major depressive disorder (MDD) in whom
ECT was effective against severe SS with
malignant catatonia (MC) associated with
antidepressants. In both cases, the patients’
guardians provided written informed con-
sent for ECT. Atropine sulfate, propofol
(1mg/kg), and succinylcholine (0.8 mg/kg)
were used for ECT. Stimulus levels for
the ECT were determined by the half-age
method, and brief-pulse square wave was
delivered using Thymatron System IV
(Somatics Inc, Lake Bluff, I1).

CASE 1

The patient was a 67-year-old man,
He was diagnosed with MDD at the age
of 51 years. He had experienced 2 recur-
rences of MDD subsequently and had been
treated with mianserin (30 mg/d), ami-
triptyline (75 mg/d), amoxapine (75 mg/d),
clomipramine (75 mg/d), and paroxetine
(20 mg/d), separately. Buthe had developed
paroxysmal hot flushes and sweating while
taking these antidepressants, except with
mianserin.

In October 2006, he had a relapse of
MDD and visited our hospital on Novem-
ber 11, 2006, and the administration of
paroxetine (20 mg/d) was resumed. On
November 30, while the depressive symp-
toms persisted, transient hyperthymia for 3
hours each day developed. He developed a
transient obsessive idea that “I am afraid
of being urged to kill people” and also
developed hot flushes and marked sweating
on December 2. He manifested tremors and
muscle rigidity with hyperthymia several
times a day. From December 10, he had
occasional disorientation. He exhibited
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psychomotor slowing and needed as-
sistance in walking,.

On December 13, he was brought
to our emergency department and was
immediately hospitalized. Physical exam-
ination revealed labile consciousness,
pyrexia (37.9°C), elevated blood pressure
(153/100 mm Hg), and tachycardia (100
beats/min). The pupils were rather dilated.
Marked hot flushes, sweating and pyrexia,
and tremors of the fingers were observed.
Myoclonus was noted in the face and limbs.
Tendon reflexes were generally exagger-
ated. Paroxysmal episodes of aggravation
of generalized muscle rigidity, tremors, and
marked myoclonus lasting for several
hours were frequently observed, which led
to rapid breathing and tachycardia (180
beats/min). He had catatonic syndrome
with akinetic mutism and catalepsy and
periodically exhibited a stuporous state
and confusional state with disorientation,
Occasionally, he nodded slightly in re-
sponse to questions; however, communica-
tion was difficult, and sometimes visual
hallucinations and delusions were noted.
Laboratory examination revealed slight
leukocytosis (10.14 x 10%pL) and slight
elevation of the serum alanine transami-
nase (48 U/L) and blood urea nitrogen
(28.9 mg/dL). The serum levels of thyroid
hormones and electrolytes were within
reference range. Electroencephalography
revealed no abnormality, and the basic
rhythm was dominated by B-waves. Brain
magnetic resonance imaging revealed no
abnormality. His limbs and body were re-
strained, and parenteral nutrition became
necessary. Based on the suspicion of SS,
paroxetine was decreased on admission
and discontinued on the day after the
admission,

The score on the SS scale (SSS)'
was 15. During the confusional state,
the generalized muscle rigidity, pyrexia,
sweating, tremors, and rapid breathing be-
came even more aggravated, and dyspnea
due to muscle rigidity was associated with
a low level of oxygen and significant si-
nus tachycardia, which necessitated daily
intravenous administration of diazepam.
The benefit of diazepam persists for ap-
proximately 20 minutes. The psychiatric
symptoms dramatically fluctuated. From
3 days after the admission, he had diarthea
(>10 times a day). The pyrexia was ag-
gravated, and at 5 days after admission, the
body temperature reached 38.4°C. But no
evidence of complicating infections was de-
tected. Paroxysmal muscle rigidity and

Journal of Clinical Psychopharmacology * Volume 30, Number 3, June 2010

myoclonus and the confusional state also
gradually worsened. Despite discontinuation
of the causal drug, paroxetine, the SSS score
eventually increased to 23. Six days after
admission, cerebrospinal fluid (CSF) exam-
ination was performed to exclude enceph-
alitis, and it revealed no inflammation.
Cerebrospinal fluid levels of homovanillic
acid (HVA) and 5-hydroxyindoleacetic
acid (5-HIAA) were measured (34.5 and
7.6 ng/mL, respectively), and blood exam-
ination revealed increase in the blood levels
of the catecholamines, 5-HIAA, and HVA.
Administration of paroxetine was discon-
tinued, and dehydration was corrected;
however, no symptomatic improvement
was obtained. The poor nutritional status
due to severe autonomic and neurological
symptoms rapidly progressed,

Seven days after admission, ECT was
administered. After the first ECT, marked
improvement of the sweating and paroxys-
mal tachycardia was noted. His muscle
rigidity and myoclonus improved in terms
of the frequency and severity. After the
second ECT, rapid improvement of the
catatonic symptoms with the confusional
state and paroxysmal disorientation was -
noted. His muscle rigidity, myoclonus, and
tremors disappeared completely, and the
autonomic nervous symptoms were also
scatcely observed. After the third ECT, the
agitation also abated, with disappearance
also of the autonomic nervous symptoms
such as pyrexia and diarthea. He became
alert and clear completely, and oral intake
was resumed. After the fifth ECT, a second
CSF examination showed increased levels
of HVA and 5-HIAA (53.8and 28.0 ng/mL,
respectively). The 3-methoxy-4-hydroxy-
phenylglycol level in the CSF was not
changed (11.9 ng/mL before vs 10,5 ng/mL
after the ECT). The blood levels of the
catecholamines, 5-HIAA, and HVA also
tended to be restored. Ten sessions of ECT
were performed for sustained remission
of MDD. The time course of changes on
total SSS score in response to the ECT
sessions is summarized in Figure 1.

Administration of milnacipran was
started, with the dose slowly increased up
to 100 mg/d. He was finally discharged on
January 2007, Until December 2009, he
has shown no relapse.

CASE 2
The patient was a 66-year-old man.
He was diagnosed with MDD at the age
of 44 years. He experienced a recurrence
of MDD and was treated with sulpiride
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FIGURE 1. The time course of changes in total score on the serotonin syndrome scale in

response to ECT sessions in Cases 1 and 2.

(300 mg/d). In March 2007, he developed
depressive mood, hypobulia, insomnia,
palpitations, and difficulty in swallowing.
Several examinations in an internal medi-
cine clinic revealed no abnormality, and
he was referred to a psychiatric clinic.
Sulpiride (150 mg/d) was prescribed, with
no effect. He lost 9 kg over 2 months
because of loss of appetite. Paroxetine
(20 mg/d) was added to the treatment,
with no effect, He was referred to our hos-
pital on June 2007. He was diagnosed with
MDD and was hospitalized. A high level
of anxiety, agitation, depressive mood,
hypobulia, loss of appetite, and insomnia
were noted. His vital signs were normal.
We discontinued sulpiride and in-
stead increased the dose of paroxetine
to 40 mg/d, with no effect. We planned to
switch the medication from paroxetine to
clomipramine and started clomipramine
in combination with paroxetine on July
24, The dose of clomipramine was gradu-
ally increased and reached 150 mg/d on
August 8; however, transient hyperthymia
and tremors of the fingers appeared on
August 10. Thus, the dose of clomipramine
was decreased and discontinued on August
12, but he developed pyrexia (37.8°C),
sweating, tachycardia (120 beats/min), ele-
vated blood pressure (156/106 mm Hg),
hot flushes, generalized muscle rigidity,
tremors (especially of the fingers), and
myoclonus of the face. The tendon re-
flexes were generally exaggerated. Au-
ditory and visual hallucinations and
delusions appeared. With marked agitation
and excitement, he suddenly made an
attempt at suicide saying, “Please let me
die,” and tried to escape from the isolation
room. He presented labile consciousness
disturbance. The blood test results re-
vealed no abnormalities, except for slight
anemia (hemoglobin, 12.8 g/dL) and
slight elevation of C-reactive protein
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(0.6 mg/dL); the thyroid hormones and
electrolytes were also normal. Brain mag-
netic resonance imaging and electroen-
cephalography revealed no abnormality.

Based on the dramatic appearance
of the psychiatric symptoms, autonomic
nervous symptoms, and neurological
symptoms, we made the diagnosis of SS.
The SSS' score was 16. All the drugs were
discontinued. On August 14, he had devel-
oped marked generalized muscle rigidity
and sweating. Because the muscle rigidity
was so intense, he bit his tongue, necessi-
tating the use of a mouth gag. The muscle
rigidity was alleviated by intravenous ad-
ministration of diazepam (17.5 mg/d), but
once the effect wore off, muscle rigidity
with remarkable autonomic nervous symp-
toms appeared again. Therefore, he was
administered a continuous drip infusion of
midazolam (10 mg/h). Despite the patient
being under continuous sedation, fre-
quently he exhibited generalized muscle
rigidity and myoclonus lasting for several
hours, which led to reduction of the oxygen
level, sinus tachycardia, and hypertension.
He repeatedly manifested the following
psychiatric states: depressive state with in-
tense anxiety and suicidal idea, transient
hypomanic state, stupor with no spontane-
ous behavior, and confusional state with
disorientation. The SSS score was 20, indi-
cating aggravation.

On August 16, ECT was started.
After the first ECT, stupor was palliated.
Sweating and tachycardia improved. Mus-
cle rigidity and myoclonus disappeared.
After the second ECT, although the
depressive symptoms and hallucinations/
delusions still persisted, he could follow
instructions. The autonomic nervous
symptoms disappeared. After the third
ECT, he could consume all his food. Af-
ter the fifth ECT, the depressive symp-
toms remitted. The time course of changes

~ on total SSS score in response to the

ECT sessions in Case 2 is summarized in
Figure 1. Thereafter, the administration of
sertraline was started, slowly increasing
the dose up to 50 mg/d. He was discharged
on October 2007. Until December 2009,
he has shown no relapse.

DISCUSSION

Both cases exhibited various psychi-
atric symptoms, in addition to manifest-
ing diverse neurological and autonomic
symptoms. Serotonin syndrome is some-
times viewed as MC,> and both cases
presented also MC with SS induced by
antidepressant.

Our Cases 1 and 2 fulfilled criteria 9
and 7 of S8, respectively, of the 10 criteria
proposed by Sternbach,® and both cases
fulfilled all the 9 major criteria of the
modified criteria proposed by Radomski
et al% therefore, we considered SS as
being a valid diagnosis. Although both
cases did not exhibit elevation of serum
creatine phosphokinase, they satisfied the
criteria for NMS proposed by Levenson.®
Nonconvulsive status epilepticus and de-
lirium were ruled out based on the elec-
troencephalographic findings.

In Case 1, the responsible drug for
SS with MC was considered to be parox-
etine. The patient developed nervous hy-
persensitivity, aggravation of anxiety, and
transient hyperthymia after the start of par-'
oxetine, which suggests that he had devel-
oped very mild SS. Typically, SS has been
reported to develop within 24 hours of
the start of administration or increasing the
dose of antidepressants. However, in this
case, dehydration was caused by reduced
intake of food and fluids, which may result
in elevation of the serum level of paroxe-
tine, and induces severe SS with MC.

In Case 2, SS with MC may be caused
by the enhancement of the serotonergic
activity due to the combination of clomi-
pramine and paroxetine as well as by the
elevated concentrations of both drugs due
to the competitive inhibition of CYP2D6.
In neither case did the patient take health
foods such as tryptophan or St John’s
wort, Serotonin syndrome is considered to
be ameliorated in approximately 70% of
the cases within 24 hours of discontinu-
ation of the responsible drug,® although
some cases with protracted symptoms are
known.” Both cases presented such pro-
tracted SS with MC.

It is known that, in some severe or
protracted SS, the patient could die of
disseminated intravascular coagulation,
renal impairment, acidosis, acute res pira-
tory distress syndrome, convulsive sei-
zures, ventricular tachycardia, and so on;
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23 fatal cases had been reported by 1999}
but the treatment of severe SS is not
yet established. Efficacy has been demon-
strated against NMS,® and some re-
searchers indicate that ECT should be
adopted more often in cases that present
MC with intensive autonomic nervous
symptoms.'® Electroconvulsive therapy
might be also effective for the treatment
of SS with MC, which is similar to neuro-
toxic syndrome. But to date, there are only
2 reports of ECT for the treatment of SS.
In a case report, ECT was effective in treat-
ing a patient in whom the differential
diagnosis between NMS and SS was diffi-
cult,'" and in the other, protracted SS was
improved by 4 sessions of ECT. '2

In our cases, the autonomic nervous,”

neurological, and psychiatric symptoms
improved dramatically after ECT, and rapid
improvement based on the SSS was also
noted. These results suggest that ECT may
be effective in the treatment of SS with MC,
However, according to a case report, ECT
administered in combination with lithium
and mirtazapine induced a transient SS.'3
" Therefore, involuntary application of ECT
for patients with SS, without discontinua-
tion of the causal drugs, should be avoided.

The mechanism underlying the effect
of ECT is still unknown, In Case 1, ele-
vated blood levels of catecholamines, ex-
cept for adrenaline, and HVA and 5-HIAA
were observed before ECT, and elevated
blood concentrations of noradrenaline,
dopamine, and serotonin were suggested,
but these abnormalities had improved af-
ter remission. Moreover, in the CSF, the
levels of HVA and 5-HIAA were increased
after remission. In the previous 4 cases of
SS reported, it has been observed that the
5-HIAA and HVA levels in the CSF de-
creased during the active phase of SS.'*
Possibly at the acme of SS, excessive in-
hibition of presynaptic serotonin reuptake
occurs because of the serotonin reuptake
effect of the drug, with increase in the
serotonin level at the synaptic gap. How-
ever, because the presynaptic serotonin

© 2010 Lippincott Williams & Wilkins

level is decreased, the amount of seroto-
nin degraded by monoamine oxidase might
also decrease, resulting in a reduction of
the 5-HIAA level in the cerebrospinal fluid.
Electroconvulsive therapy might correct this
excessive inhibition of serotonin reuptake.
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Major depression: what caused the crisis?

Nagahisa Okamoto, Yoshihike Furusawa, Kota Sakamoto, Toshiyuki Yamamoto, Yoshiyuki Kondo, Yuko Nagafusa, Teruhiko Higuchi

In July, 2008, a 67-yearold woman with refractory
depression was referred to our institute. In 2006, she had
a thymectomy for thymoma. In January, 2008, after
experiencing family discord, she lost her appetite, and her
bodyweight decreased by 5 kg in 1 month. She becarne
pessimistic and self-recriminating and made several
suicide attempts. CT showed no evidence of a recurrence
of the thymoma. Neurological examination showed only
slight muscle weakness of her limbs, but the cause of her
anorexia remained unclear despite further in-hospital
examinations such as gastrointestinal tract endoscopies
and systemic contrast-enhanced CT. She was diagnosed
as having depression and was transferred to a regional
psychiatric hospital, where she was treated sequentially
with sertraline, paroxetine, clomipramine, and nortripty-
line, and augmentation lithium. These treatments were
ineffective, and her body weight decreased from 60 kg to
33-5 kg. She was then transferred to us.

Her depressed mood, decreased interests, hypogeusia,
anorexia, insomnia, anxious restlessness, decreased
energy and fatigue, guilty feelings, poor concentration,
and suicidal ideation persisted. She fulfilled the DSM-IV
diagnostic criteria for major depressive disorder. Her total
score on the 17-item Hamilton Depression Rating Scale
{total- HDRS) was 40. She could walk and had no ocular
and bulbar symptoms, but neurological examinations
showed mild proximal muscle weakness and atrophy of
her limbs. Blood test results indicated hypoalbuminaemia
(albumin 3-4 g/dL); other investigations including CT
chest, tumour markers, electroencephalography, and
brain MRI were normal. Ten sessions of electroconvulsive
therapy (ECT) were done in September, but the depressive
symptoms persisted. She stopped taking medication,
other than quetiapine as required (prescribed by us), but
at the end of October, she suddenly developed impaired
consciousness with a reduced respiratory rate. A blood
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gas analysis showed carbon dioxide narcosis, and she was
immediately placed on a ventilator. No evidence of
pulmonary disease was found, and a diagnosis of
myasthenic crisis was made on the basis of a high
acetylcholine receptor antibody (AchR-Ab) titre
{120 nmol/L), waning on the Harvey-Masland test, and a
history of thymoma. She was treated with plasmapheresis
and immunoadsorption followed Dby prednisolone
treatment (maximum dose, 50 mg/day). Her respiratory
function subsequently improved, and she was extubated.
In December, she was treated with pyridostigmine
(180 mg/day). As the anti-AchR-AD titre decreased, total-
HDRS score improved substantially without anti-
depressant therapy (figure). Her long-lasting depressive
symptoms improved completely, and her bodyweight
recovered to 40 kg; she was discharged in July, 2009.
When last seen in Septemnber, 2009, both her depression
and myasthenia gravis were in remission.

The pathology of depressive symptoms associated with
myasthenia gravis, including the hypothalamo-pituitary-
adrenal axis dysfunction resulting from chronic stress and
central cholinergic deficit, is controversial and remains to
be elucidated! Although some patients with major
depressive disorder complicated with myasthenia gravis
improve after ECT? the potential to misdiagnose
myasthenia gravis as depression has been highlighted.:
20% of people with myasthenia gravis are initially
diagnosed as having a psychiatric disorder,! and
improvements in depressive symptoms associated with
improvements in myasthenia gravis have been reported.’s
Whether depressive symptoms in individual cases are
attributable to myasthenia gravis or major depressive
disorder should be investigated. Since the AchR-Ab titre
and the depressive symptoms improved over time in our
case, we concluded that the patient’s depressive symptoms
could predominantly be attributed to myasthenia gravis.
When managing treatment-resistant depressive patients,
the medical history must be sufficiently considered.
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Rapid Antidepressant Effect of Ketamine Anesthesia
During Electroconvulsive Therapy of
Treatment-Resistant Depression

Comparing Ketamine and Propofol Anesthesia

Nagahisa Okamoto, MD,* Tetsuji Nakai, MD, PhD,t Kota Sakamoto, MD,* Yuko Nagafusa, MD,*
Teruhiko Higuchi, MD, PhD,* and Toru Nishikawa, MD, PhD}

Background: Reports of the superiority of the antidepressant effect
of ketamine during the conduct of electroconvulsive therapy (ECT)
have been limited. We conducted an open-label trial of ketamine to
determine whether ketamine as the anesthetic during ECT would pro-
vide a greater antidepressant effect than the antidepressant effect ob-
tained with propofol.

Methods: Between April 2006 and April 2007, 31 inpatients with
treatment-resistant depression gave written consent for ECT and to
participate in this study. An anesthesiologist who was unaware of the
mental symptoms of the subjects assigned them to receive propofol or
ketamine anesthetic according to the preferences of the patients, and
the patients underwent 8 ECT sessions for 4 weeks. The Hamilton
Depression Rating Scale (HDRS) was valuated before ECT and after
the completion of the second, fourth, sixth, and eighth ECT sessions.
Results: The HDRS scores improved earlier in the ketamine group,
with decreases in HDRS scores that were significantly greater in the
ketamine group.

Conclusions: The results suggested that it is possible to improve
symptoms of depression earlier by using ketamine anesthesia,

Key Words: treatment-resistant depression, antidepressant response,
ketamine, electroconvulsive therapy (ECT)

(/ ECT 2009;00: 00-00)

The Sequenced Treatment Alternatives to Relieve Depression
study demonstrated positive outcomes in no more than 30%
of the patients even after 4 adequate treatment options had been
performed.' There are limits to the therapeutic efficacy of the
treatment of depression with the current antidepressant agents
that enhance serotonin, noradrenaline, or dopamine nerve func-
tion. As a result, attention is being focused on glutamate path-
way dysfunction as a novel pathophysiology of depression and
on the antidepressant effect of the N-methyl-p-aspartate (NMDA)
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receptor antagonists.” The results of animal experiments in
learned helplessness rats, a traditional model of depression, have
suggested that NMDA receptor antagonists may have anxiolytic
and antidepressant actions.* In recent years, it has been
reported that lamotrigine’ and riluzole,® which inhibit gluta-
mate release, exhibit an antidepressant effect in humans as well
and studies have been reported in which the NMDA receptor
antagonist ketamine also exerted an antidepressant effect in
humans when a single dose was infused intravenously.”'°

The principal action of ketamine is its NMDA receptor
antagonist action, and it blocks the calcium-ion infiux that occurs
when glutamate binds to the NMDA receptor. Ketamine sup-
presses the cerebral cortex and thalamus and converts the brain
waves in the electroencephalogram (EEG) to slow waves, but it is
a dissociative anesthetic that exhibits a stimulant action on the
cerebral limbic system. Ketamine is covered by the national health
insurance system as a general anesthetic in Japan, and there are
reports that no significant adverse events have been observed even
when used as an anesthetic during electroconvulsive therapy
(ECT).“’IZ

There have been few studies on the superiority of the antj-
depressant effect of ketamine anesthesia during ECT in earlier
research, and there have been only a few case reports in which a
rapid antidepressant effect of ketamine anesthesia has been
inferred when used during ECT. Ostroff et al'? reported the case
of a 47-year-old woman with a depressive state in schizoaffec-
tive disorder. The patient was resistant to treatment with nu-
merous antidepressant drugs and mood-stabilizing drugs, and
bilateral ECT was pursued by inducing anesthesia with ketamine
at 0.5 mg/kg. Electroconvulsive therapy was performed 6 times,
and a rapid improvement in her symptoms of depression was
observed after completion of the first ECT session. In addition,
Goforth et al'* reported a case in which they observed rapid
improvement in symptoms starting with completion of the first
ECT session when they performed ECT using ketamine at
1.5 mg/kg intramuscularly in a 54-year-old male patient with
psychotic major depression.

However, ECT itself often has a rapid antidepressant ef-
fect beginning with the completion of the first session, and it
remained unknown whether the rapid antidepressant effect in
these case reports was actually an effect of ketamine.

We therefore conducted an open-label trial to determine
whether a greater antidepressant effect would be obtained by
using ketamine as the anesthetic during the performance of ECT
than by using propofol.

MATERIALS AND METHODS

Subjects
We screened 52 patients with treatment-resistant depression
who had consented to ECT while inpatients in the Department of
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Psychiatry of the National Center Hospital of Neurology and
Psychiatry during the period between April 2006 and April
2007. All patients fulfilled the diagnostic criteria for major de-
pression according to the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition, per the Structured Clinical
Interview for DSM-IV Axis I Disorders, and they had failed
to respond to at least 2 adequate drug therapies for their cur-
rent depression episode with a total score of 20 or higher on
the 17-item Hamilton Depression Rating Scale (HDRS).

The exclusion criteria for this study were (1) complication
by any serious physical disease, such as cardiovascular disease,
cerebrovascular disorder, intracranial hypertension, respiratory
tract disease, and severe fracture; (2) hypertension, glaucoma,
arterial aneurysm, or cerebrovascular malformation; (3) pres-
ence of a foreign body, such as a pacemaker, intracranial elec-
trode, and clips; (4) history of seizures; (5) history of substance
abuse or dependence, including alcohol abuse; (6) status 4 or
5 evaluated according to the criteria of the American Society of
Anesthesiologists; (7) history of serious adverse effects related
to anesthetics, for example, allergy; (8) concomitant presence of
a mental disorder other than major depression, such as dementia
and bipolar disorder; (9) pregnancy; (10) being a minor; and
(11) any other reason that the attending physician judged to make
performing ECT inappropriate from a therapeutic standpoint.

All of screened patients underwent detailed pre-ECT exam-
inations (psychiatric interview and physical examination, blood
examination, chest x-ray, electrocardiography, and brain com-
puted tomography, and if the results of the tests fulfilled any of

the exclusion criteria, the patient was excluded from participa-
tion in the study).

Fifty-two patients were screened, and 31 of them (16 men
and 15 women, aged 32-78 years old) who did not meet any of
the exclusion criteria and from whom written consent for the
study was obtained participated in this study (Fig. 1).

Electroconvulsive Therapy Administration

An anesthesiologist with no knowledge of the mental
symptoms of the subjects assigned them to a propofol anesthesia
group (N = 20, 10 men and 10 women) or a ketamine anesthesia
group (N = 11, 5 men and 6 women) according to the preference
of the patients. The anesthetic consisted of intravenous atropine
sulfate (0.25 mg) with either ketamine (0.8 mg/kg at the first
ECT session) or propofol (0.8 mg/kg at the first ECT session) by
intravenous bolus. The quantity of the anesthetic agent was revised
in the subsequent sessions in consideration of the initial anes-
thetic effect. Succinylcholine (1 mg/kg) was given intravenously
as a muscle relaxant after induction of anesthesia. Thymatron
System IV (Somatics Inc, Lake Bluff, I11) was used, and brief pulse
ECTwas performed twice a week for a total of 8 times. The seizure
threshold was determined by the half-age method during the first
ECT session. The dose of anesthetic, the stimulation intensity, and
the seizure duration on the EEG were recorded for each ECT
session,

No changes in oral medication, including antidepressant
drugs, were made between before the start of ECT and the
completion of the ECT sessions.

Screened the patients from whom consent for ECT was
already obtained

(N=52)
Pre-ECT examination || Ineligible by the exclusion
(N=52) criteria for this study
Not offered consent or
refused to consent for this stady
Consented
(N=31)
Assigned by the
anesthesiologist
(N=31)
8 times
Ketamine of ECT Propofol
Anesthesia Anesthesia
(N=11) (N=20)

Completer (N=8)
Non-completer due to early remission (N=2)
Drop out due to adverse events (N=1)

Completer (N=17)
Non-completer due to early remission (N=2)
Drop out due to adverse events (N=1)

FIGURE 1. Participant flow of this study.
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Measures

The 17-item HDRS was used as the primary end point to
evaluate improvement in the symptoms of depression, adminis-
tered by a psychiatrist before the start of ECT and on the day
of completion of the second (1 week later), fourth (2 weeks later),
sixth (3 weeks later), and eighth sessions (4 weeks later). Adverse
events were collected by spontaneous report at every ECT session
and during hospitalization.

Statistical Analysis

The statistical analysis was performed with the SPSS 16.0
software (SPSS Inc, Chicago, Iil), and the nonpaired ¢ test and
Pearson x* test were used in the baseline analysis. Differences
between the 2 groups in mean values for stimulus intensity and
seizure duration on the EEG were analyzed for each session by.
the nonpaired ¢ test. To analyze the differences in antidepressant
effect between the 2 groups, we calculated the decrease in total
score on the 17-item HDRS (8 HDRS-17) between the baseline
and the completion of each ECT session. Then, the differences
were analyzed between the mean § HDRS-17 values in the
propofol and ketamine groups after the completion of each ECT
session by the nonpaired ¢ test. Adverse events were analyzed by
the Pearson x? test,

RESULTS

Baseline Analysis

As shown in Table 1, in the baseline analysis, the mean
(SD) age was 59.3 (13.5) years in the ketamine group and 55.1
(15.4) years in the propofol group; the duration of the current
depression phase was 2.8 (2.1) years in the ketamine group and
2.7 (2.0) years in the propofol group; the number of previous
adequate antidepressant trials was 6.5 (2.7) in the ketamine
group and 6.7 (2.2) in the propofol group; thete was a history of
ECT in 2 patients in the ketamine group and in 3 patients in the
propofol group; the 8 HDRS-17 was 31.9 (4.5) in the ketamine
group and 30.3 (5.4) in the propofol group; and none of the
differences between the 2 groups were significant,

The mean anesthetic dose was 0.86 mg/kg (40-60 mg) in the
ketamine group and 0.94 mg/kg (34-84 mg) in the propofol group.

TABLE 1. Baseline Characteristics of the Ketamine and
Propofol Groups

Ketamine Propofol
Group (n=11) Group(n=20) P
Male 5 (45%) 10 (50%) 0.893
Age, yr 59.3 (13.5) 55.1(154) 0.469
Duration of current 2.8 (2.1) 2.7 (2.0) 0.982
depressive episode, yr
No. failures of adequate 6.5(2.7) 6.7 (2.2) 0.843
therapy
Positive history of ECT 2 (18%) 3(15%) 0.187
in past episodes
3 HDRS-17 before 31.9 (4.5) 303 (5.4) 0.436
the ECT session
Medication
SSRI 6 (55%) 10 (50%) 0.809
TCA 5 (45%) 10 (50%) 0.809
AAP 3(27%) 6 (30%) 0.873
BZP 4 (36%) 4(20%) 0.319

AAP indicates atypical antipsychotic; BZP, benzodiazepine; SSRI,
serotonin-selective reuptake inhibitor; TCA, tricyclic antidepressant.

© 2009 Lippincott Williams & Wilkins
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FIGURE 2. Stimulus intensity (in percent) in each ECT session
(sessions 1, 2, 4, 6, and 8).

Noncompleters and Dropouts

Because depressive symptoms remitted completely with the
second or third ECT session, ECT was completed in 6 sessions
in 2 patients in the propofol group and 2 patients in the ketamine
group. These patients were included in the statistical analysis
of antidepressant effect. Two patients dropped out, 1 in the pro-
pofol group because ECT was discontinued after 2 sessions
because of strong delirium and another in the ketamine group
because the patient strongly complained of sense of fears with
hallucinations upon awakening from anesthesia, and the anes-
thetic was switched to thiopental. Both dropouts were included
in the analysis of adverse events, but they were excluded from
the analysis of antidepressant effect (Fig. 1).

Stimulus Intensity and Seizure Duration on
the EEG

Gradual increases in stimulus intensity were necessary in
both groups as the number of ECT sessions increased. Stimu-
lus intensity tended to be lower in the ketamine group in the
series of sessions as a whole, but no significant differences were
observed according to the nonpaired ¢ test at any of the points
(Fig. 2).

Seizure duration on the EEG tended to be longer in the
ketamine group in the series of sessions as a whole, but the
results of the analyses by the nonpaired ¢ test showed significant
differences only in the first (P = 0.015) and sixth sessions

1004
Seizure
Duration
on the EEG
{second)
#
80
Ketamine
60+
40
Propofol
T T T v T
1st ECT 2nd ECT 4th ECT 6th ECT 8th ECT

FIGURE 3. Seizure duration on the EEG (second) during each
ECT session (sessions 1, 2, 4, 6, and 8).
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FIGURE 4, Total score on the 17-item HDRS before the start of
ECT (pre-ECT) and after sessions 2, 4, 6, and 8,

(P = 0.027; # in Fig. 3). The differences in the second, fourth,
and eighth sessions were not significant (Fig. 3).

Antidepressant Effect

Decreases in the § HDRS-17 were observed in both groups
while the number of ECT sessions increased (Fig. 4).

The decrease in the 8 HDRS-17 was significantly greater
in the ketamine group than in the propofol group after the
completion of the second (P = 0.000) and fourth sessions
(P = 0.000; # in Fig. 5), but the differences after the completion
of the sixth (P = 0.086) and eighth sessions (P = 0.360) were not
significant (Fig. 5).

Adverse Events

The adverse events in the ketamine and propofol groups
were headache (36% vs 40%), nausea (9% vs 15%), angialgia
at the site of injection of the anesthetic (0% vs 45%), hyper-
tension during the ECT session (55% vs 20%), sense of fears
with hallucinations upon awakening from anesthesia (27% vs
0%), brief delirium within 1 hour after awakening (9% vs 15%),
and prolonged delirium longer than 1 hour (0% vs 5%; Table 2).

Angialgia was significantly more common in the propofol
group (¥ = 6.975, P = 0.008), and intrainterventional hyper-

0.004
&HDRS
Decrease

—5.00

-10.004

—-15.00+4

Propofol
-20.004

-25.00

-30.00

Ketamine

T T

After
8th ECT

\ v T
Pre ECT After After Aller
(Baseline)  2ndECT  4th ECT 6th ECT

FIGURE 5. Change in & HDRS-17 between the baseline
(pre-ECT) and after sessions 2, 4, 6, and 8.
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TABLE 2. Adverse Events

Ketamine Group Propofol Group
m=11)n (%) @®@=20),n(%) P

Headache 4 (36) 8 (40) 0.842
Nausea L (9) 3(15) 0.639
Angialgia 0 (0) 9 (45) 0.008
Hypertension 6 (55) 4 (20) 0.049
during ECT
Sense of fear with 327N 0(0) 0.014
hallucinations upon
awakening from
anesthesia
Brief delirium 19 3(15) 0.639
{within 1 h)
Prolonged delirium 0(0) 1(5) 0.451

(longer than 1 h)

tension (x% = 3.876, P = 0.049) and sense of fears with hal-
lucinations upon awakening from anesthesia O3 = 6.039,
P =0.014) were more common in the ketamine group, but there
were no serious adverse effects in either group.

DISCUSSION

According to the report of Berman et al® of a ketamine-
versus-saline, placebo-controlled, double-blind, single-dose
study in depressed patients, a significant decrease in the depres-
sion scale score was observed within 3 hours in the group of
9 treatment-resistant patients who were infused with ketamine
at 0.5 mg/kg intravenously, and the decrease persisted for
72 hours. In 2006, a placebo-controlled double-blind crossover
study was conducted in 18 nonpsychotic recurrent-major depres-
sion inpatients who were resistant to 2 adequate antidepressant
drugs.'" A significant improvement in depression was observed
in the ketamine group within 2 hours, and the difference was
maintained for an entire week. Moreover, 71% of the 17 subjects
who received a single dose of ketamine responded, and 29%
fulfilled the remission criteria. The adverse events in this study,
that is, perceptual disturbance, confusion, elevation of blood
pressure, euphoria, dizziness, and increased libido, were found
to be more common in the ketamine group than in the placebo
group, but no serious adverse effects were observed. These stud-
ies showed that ketamine has a clinical antidepressant effect
when administered in a single dose, but until now, there has been
no clinical research showing its superiority from the standpoint
of an antidepressant action during ECT anesthesia.

On the other hand, ketamine is a general anesthetic that has
been routinely used, and it has long been used as an anesthetic
during the conduct of ECT.'2

In addition, possessing a seizure-inducing action and
increasing seizure duration are known as distinctive properties
of ketamine as an ECT anesthetic. Nonbarbiturate anesthetics,
including propofol, and barbiturate anesthetics, including thio-
pental, which are commonly used as ECT anesthetics, have an
anticonvulsant action, and sometimes seizure induction is inade-
quate. According to a report on 471 patients who underwent
ECT with methohexital, 72 (15%) required the maximal stimu-
lation intensity, but in 24 (33%) of the 72 patients, seizure dur-
ation was insufficient or no seizure occurred at all even at
the maximal stimulation intensity.'® Switching to ketamine
anesthesia has been found to be a useful method as a seizure
induction technique when seizure induction at the maximal
stimulation intensity is inadequate during ECT for which an

© 2009 Lippincott Williams & Wilkins
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anesthetic that has such an anticonvulsant action has been used
for anesthesia. There is a report of a switch to ketamine in
36 patients in whom seizure induction was inadequate or who
were intolerant at the maximal stimulation intensity with metho-
hexital, and seizure duration increased in 83% without any
significant adverse effects.'®

Moreover, in recent years, attention has been focused on
the possibility of a cognitive function—preserving action by
ketamine anesthesia during the conduct of ECT. The possibility
that it suppresses excitotoxicity and has a neuroprotective action
in relation to hippocampal synaptic plasticity and so on has been
shown in an ECT rat model of ketamine anesthesia.'” A cogni-
tive function—preserving action during ECT in humans has also
been reported in a small group of subjects,'® and it has been
suggested that ketamine anesthesia may reduce the cognitive
impairment caused by ECT."

Thus, despite the advantage of the antidepressant action
that ketamine itself possesses and the advantages of its seizure-
inducing action and cognitive function-preserving action during
ECT, little attention has ever been paid to the superiority of the
antidepressant effect of ketamine in ECT.

Our results showed that until the completion of the fourth
ECT session, the 8 HDRS-17 was statistically significantly higher
in the ketamine group than in the propofol group. This finding
suggests that ketamine anesthesia has an early antidepressant
effect during ECT that was superior to propofol anesthesia and the
effect may come from the antidepressant effect of ketamine itself,

However, the results of the statistical analysis showed that
from the sixth ECT session onward, the antidepressant effect in
the propofol group had caught up to the antidepressant effect in
the ketamine group. That seems to have been due to the influ-
ence of the antidepressant effect of ECT itself being sufficiently
expressed in both groups while the number of ECT session
increased and the differences between the 8 HDRS-17 in the
2 groups become smaller.

Because of this, ketamine may be useful when an early
antidepressant effect is needed clinically in severe cases in
which, for example, a suicide attempt is imminent clinically.

No serious adverse events were observed in either group in
this study, but hypertension and sense of fears with hallucina-
tions upon awakening from anesthesia were significantly more
common in the ketamine group. Especially because of hyper-
tension, some sort of arrangement, such as using an appropriate
antihypertensive agent, seems necessary during the delicate
anesthesia management of ECT.

Furthermore, in this study, there was not the case that showed
a dependence of ketamine clinically after ECT session and serious
psychedelic effect induced by ketamine, but we should pay enough
attention to the dependence and the psychedelic properties of
ketamine when we use it as an anesthetic agent of ECT.

The limitations of this study were that it was an open trial
and the number of subjects was small. A large-scale double-
blind trial is anticipated in the future to verify the superiority of
the antidepressant effect of ketamine anesthesia in ECT.
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ARTICLE INFO ABSTRACT

Article history: Objective: To examine the effectiveness and safety of adjunctive pramipexole in the treatment of stage 2
Received 9 March 2010 treatment-resistant major depressive disorder.

Received in revised form 30 june 2010 Methods: This study included patients with moderate or non-psychotic severe major depressive disorder
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according to DSM-IV-TR criteria despite at least two adequate treatment trials with antidepressants from
different pharmacological classes. Pramipexole 0.25 to 2 mg daily was added to antidepressant therapy.
Previous treatments were continued unchanged, but no new treatments were allowed. We conducted
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iz{nw::ﬁ;ﬁm therapy assessments at baseline and at weeks 2, 4, 6, and 8. We defined response as a 50% or greater reduction on the
Dopamine receptor agonist Montgomery-Asberg Depression Rating Scale (MADRS).

Mood disorder Results: Ten patients (4 men, 6 women) aged 43.7 & 11.4 years received pramipexole at mean dose of 1.3+
Pramipexole 0.6 mg/d. Mean MADRS scores improved significantly from baseline to endpoint (mean differences =114,

Treatment-resistant depression 95% CI [4.1, 18.7], P=0.0064). At the endpoint, six of 10 (60%) were responders on MADRS (=50%
reduction). Two patients (20%) terminated early due to mild somatic and psychiatric adverse effects.
Conclusion: These preliminary data suggest that the addition of pramipexole to antidepressant treatment

may be effective and well tolerated in patients with stage 2 treatment-resistant major depressive disorder.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

Treatment-resistant major depression is a major issue in clinical
practice, and the search for new, more effective treatments is ongoing.
In general, treatment-resistant major depression is defined as the
persistence of significant or moderate depressive symptoms despite at
least two treatment trials with antidepressants from different
pharmacological classes [stage 2 major depression according to the
staging of depression based on prior treatment response proposed by
Thase and Rush (1995)]. Each prior treatment must have been used in
an adequate dose for an adequate period (i.e, a minimum of the
equivalent of 150 mg of imipramine for 4 weeks) (Thase and Rush,
1995). The prevalence of treatment-resistant major depression is
estimated to be 5-10% among all patients with major depression
(Inoue et al., 2002). Nevertheless, most studies have investigated non-
responders to single antidepressant trials [stage 1 major depression
by Thase and Rush (1995)] and defined these patients as having
treatment-resistant major depression (Thase and Rush, 1995).

Abbreviations: MADRS, Montgomery-Asberg Depression Rating Scale; GAF, Global
Assessment of Functioning; HDRS, Hamilton Depression Rating Scale; LOCF, last-
observation-carried forward; Cl, confidence interval; SSRI, selective serotonin reuptake
inhibitor; DSM-IV-TR, Diagnostic and statistical manual of mental disorders, 4th
edition, text revision.
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University Graduate School of Medicine, North 15, West 7, Sapporo 060-8638, Japan.
Tel.: +81 11 706 5160; fax: +81 11 706 5081,
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0278-5846/$ - see front matter © 2010 Elsevier Inc, All rights reserved.
doi:10.1016/j.pnpbp.2010.07.035

Furthermore, because of short treatment periods and small doses of
antidepressants in several studies, there has been little evidence
regarding effective therapy for stage 2 treatment-resistant major
depression (Stimpson et al., 2002). Electroconvulsive therapy, lithium
augmentation, and thyroid augmentation are recommended as
treatment options in the World Federation of Societies of Biological
Psychiatry Guidelines for Biological Treatment of Unipolar Depressive
Disorders (Bauer et al.,, 2002), and have some evidence for stage 1
depression, but unexpectedly, little evidence for stage 2 treatment-
resistant major depression has been noted (Stimpson et al., 2002). It is
noteworthy that growing evidence for the treatment of stage 2
treatment-resistant major depression has shown clinical efficacy for
atypical antipsychotic drugs (olanzapine and aripiprazole) as adjunc-
tive therapy in large-scale randomized clinical trials (Thase et al.,
2007; Marcus et al., 2008). Moreover, adjunctive repetitive transcra-
nial magnetic stimulation was shown to be effective for stage 2 major
depression in a small randomized clinical trial (Fitzgerald et al., 2006),
whereas monotherapy with repetitive transcranial magnetic stimu-
lation has been proven effective only for stage 1 major depression
(O'Reardon et al., 2007).

A growing number of studies report abnormalities in the
dopaminergic system in major depression, and the efficacy of pro-
dopaminergic drugs, including dopamine receptor agonists, for major
depression have been reported (Papakostas, 2006). The idea that
major depression resistant to treatment with multiple serotonergic-
and noradrenergic-based antidepressants may be responsive to pro-
dopaminergic drugs is rational in terms of the mechanism of action of
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these drugs. Several studies have reported that dopamine receptor
agonists (bromocriptine, pergolide, pramipexole, and ropinirole) are
effective for stage 1 major depression that fails to respond to at least a
single adequate conventional antidepressant treatment trial (Inoue
et al,, 1996; Izumi et al., 2000; Sporn et al., 2000; Lattanzi et al., 2002;
Cassano et al., 2005). As mentioned above, the clinical efficacy of
dopamine receptor agonists for stage 2 treatment-resistant major
depression has not been assessed.

This pilot prospective, open study was undertaken to investigate
the efficacy and safety of pramipexole in patients with stage 2
treatment-resistant major depression.

2. Methods
2.1. Subjects

We conducted an 8-week, open-label trial of pramipexole for
patients with stage 2 treatment-resistant major depression at the
Department of Psychiatry, Hokkaido University Hospital, Sapporo,
Japan. The inclusion period started in june 2005 and ended in October
2008.

We included patients of both sexes, aged 20 to 70 years, with a
diagnosis of moderate or non-psychotic severe major depressive
disorder according to DSM-IV-TR criteria despite at least two
treatment trials with antidepressants from different pharmacological
classes, each used in an adequate dose for an adequate time period
(ie, a minimum of the equivalent of 150 mg of imipramine for
4 weeks) (Thase and Rush, 1995). Patients with scores of 20 or greater
on the Montgomery-Asberg Depression Rating Scale (MADRS, 10
items) (Montgomery and Asberg, 1979) or scores of 60 or less on the
Global Assessment of Functioning (GAF) Scale (even if MADRS scores
were less than 20) were included. Patients with organic brain
syndrome, schizophrenia, bipolar or schizoaffective disorder, severe
physical illness, a history of substance use, or marked suicidality were
excluded. All subjects provided written informed consent, and the
trial was approved by the institutional review board of Hokkaido
University Graduate School of Medicine.

2.2, Intervention and measurements

Subjects entering this study were prescribed pramipexole. All took
one or two antidepressants, and doses of these drugs were held
constant throughout the study. Pramipexole administration was
started at 0.125mg twice daily and increased 0.25-0.5 mg/day
every 7 days to a target range of 0.5-2 mg/day. Higher doses (up to
3 mg/day) were permitted as needed. Dose escalations continued
until 1) achievement of the primary endpoint (defined as a reduction
of 50% or more from baseline in MADRS score), 2) drug intolerance, or
3) the 8-week protocol completion. Dosages were adjusted individ-
ually for patients.

Clinical assessments of adverse events and drug compliance were
performed at each visit (every day for three inpatients) by trained
psychiatrists at baseline and weeks 2, 4, 6, and 8. Outcomes were
assessed using the MADRS score, the 17-item Hamilton Depression
Rating Scale (HDRS) (Williams, 1988), and the GAF scale. The primary
efficacy measure was the MADRS score. Secondary efficacy measures
were the 17-item HDRS and GAF scores. Spontaneously reported
adverse events were recorded at each visit.

2.3. Data analysis

All analyses were carried out on an intent-to-treat basis.
Longitudinal efficacy outcomes (MADRS, HDRS, and GAF) were
analyzed using paired t-tests comparing baseline and last-observa-
tion-carried forward (LOCF) results, with a set at 0.05; all tests were
2-tailed.

The primary outcome was defined as treatment response based on
a 250% reduction in MADRS score over 8 weeks using LOCF
methodology. Remission was defined as MADRS score<10 at the
last visit (LOCF).

Secondary outcomes were determined using HDRS and GAF scores.
Secondary treatment response was defined as a >50% reduction in
HDRS score or a 10-point improvement (increase) in GAF score.
Functional recovery was defined as GAF score>70 (Haykal and
Akiskal, 1999; Furukawa et al., 2001). Changes in scores from baseline
to final study visit were calculated for the MADRS, HDRS, and GAF.
Pearson’s correlation coefficients between GAF changes and MADRS
or HDRS changes were calculated to assess potential predictors of
functional improvement.

All continuous data are presented as means with standard
deviations or 95% confidence intervals (Cls).

3. Results

Clinical and demographic characteristics of subjects are shown in
Tables 1 and 2. All patients were diagnosed with non-psychotic major
depressive disorder, moderate (n=9) or severe (n=1) with
melancholic features. The mean peak dose of pramipexole was
1.3 mg/day (SD=0.6). Eight of 10 patients (80%) completed the 8-
week trial. Two patients discontinued the trial due to lack of efficacy
and adverse events. As shown in Table 2, all 10 patients took one or
two concurrent antidepressants.

Six of 10 patients (60%) were judged to be treatment responders
based on the MADRS (250% reduction). Among the 10 patients,
MADRS scores improved statistically significantly from baseline to the
primary endpoint (mean difference=11.4, 95% CI [4.1, 18.7),
P=0.0064). Six patients achieved a MADRS score<10 at last visit
(LOCF), yielding a 60% remission rate. As seen in Fig. 1A, this
improvement was seen in week 2 and remained statistically
significant throughout the study and at endpoint (LOCF). Eight
items on the MADRS showed significant mean changes from baseline
to endpoint (LOCF): apparent sadness, 1.90 (95% CI 0.92, 2.88),
P=0.0018; reported sadness, 1.30 (95% CI 0.47, 2.13), P=0.0063;
inner tension, 1.30 (95% C1 0.40, 2.20), P=0.0095; reduced sleep, 1.40

Table 1
Baseline characteristics of 10 patients with major depressive disorder.
Chmmdﬂt T A Value
M#wdeprssivedtm single episode, n (%) - 6 (60)
Major depraﬁve disorder, mcumnt. n(%) 4(40)
‘ Femak.n(%). male, n (%) 4 (40); 6 (60)
Age at entry, mean £ SD (yr) #7114
‘Range. . 29-64
Marital status

" ‘Married, n (x). sﬁ@e. n(%) 7 (70); 3 (30)
Employment staf

Employed, n (%) unemployed, n (1) 7(70):3(30)
Education, mean 5D (yr) 13.7+24
lmsdmfcumntma;ordepmsiveepmde.mnd:w(yr) 23413
Age at onset of first episode, mean+ SD (yr) 3961115
Deymﬂonepisodm!ifem n(%) :

1 episode ; 6 (60)

2 episodes - ! 4 (40)
Patients with faﬂed adequzhe anﬂdepmssantuials. n (%)

2 trials 5(50)

3 trials 3(30)

4 trials 1(10)

5 trials - 1(10)
BasdmeMADRSscore.mean:l:SD ..2394+70
Baseline HDRS score, mean£SD 164144
Baseline GAF score, mean + SD 462488

MADRS = Montgomery-Asberg Depression Rating Scale, HDRS = 17-item Hamilton
Depression Rating Scale, GAF = Global Assessment of Functioning.
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Table 2
Clinical data of 10 patients with treatment-resistant depression treated with

pramipexole.
Subjects Age Sex MADRS
Response

Previous 1
treatment for current episode
(maximal dose and duration, weeks [W])

Milnadipran (150 mg. 8 W), amitriptyline*
{150 mg 4 W), domipramine (150 mg>8 W),

Responder

-Responder (300
(lsou>lw1.nﬂtm(lﬂ)u6m
mn(mucmpmm
(40mg>8W) - -
'M (muﬂwxpamedne
(40 mg, 7 W), milnacipran (200 mg, 8 W),
amitriptyline® (150 mg,>8 W)
Milnadipran (100 mg 8 W), clomipramine®
(150 mg, 7 W), imipramine* ;
(200 mg.>8 W), mianserin (60 mg, 8 W)
Nortriptyline® (150 mg. 8 W), sertraline*
(100 mg. 8 W), paroxetine (40 mg. 8 W)
Responder Amoxapine’ (150 mg,>8 W), imipramine*
{300 mg, 6 W), paroxetine (40 mg. 8 W)
Responder Imipramine® (150 mg.>8 W), amitriptyline
(150 mg, B W), paroxetine (40 mg,>8 W)
Fluyoxamine (150 mg 8 W). milnadipran
(100 mg. 8 W), mianserin® (30 mg. 6 W)
lgsponde: W usom. SW).mlmssin
W(lwmsmmlhe'
(100 mg 6 W)

MADws=Mmuomxy.AsbagDep:mim Rating Scale, M = male, F = female.
* Concurrent antidepressant.

(95% C1 0.04, 2.76), P=0.0445; concentration difficulties, 1.70 (95% CI
0.74, 2.66), P=0.0030; lassitude, 1.50 (95% CI 0.37, 2.63), P=0.0150;
inability to feel, 1.60 (95% ClI 0.63, 2.57), P=0.0046; and pessimistic
thoughts, 1.10 (95% CI 0.18, 2.02), P=0.0243). Our subjects took
tricyclic or tetracyclic antidepressants with pramipexole, and three
subjects took SSRIs with tricyclic or tetracyclic antidepressants
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Fig. 1. MADRS (A) and HDRS (B) scores with pramipexole treatment (n=10). Error
bars represent SD. *P<0.05 and **P<0.01 indicate statistical significance from baseline
to given point, using paired ¢ test. Termination represents LOCF. MADRS =Montgom-
ery-Asberg Depression Rating Scale, HDRS=17-item Hamilton Depression Rating
Scale, LOCF =last observation carried forward.

(Table 2). Accordingly, most of them had received pharmacological
treatments producing enough inhibition of both noradrenaline and
serotonin reuptake. It is difficult to say what kinds of antidepressants -
are appropriate for adjunctive pramipexole therapy.

HDRS scores also decreased at week 2, and this improvement
remained statistically significant throughout the study and at
endpoint (LOCF) [mean differences = 5.2, 95% Cl 1.4, 9.0, P=0.0135]
(Fig. 1B). Five of 10 patients (50%) were judged to be treatment
responders based on the HDRS (250% reduction). Five patients
achieved a HDRS score <7 at last visit (LOCF), yielding a 50% remission
rate. One patient, who was a responder and remitter on the MADRS
(subject 1 in Table 2) was only a partial responder (27% reduction) on
the HDRS, because physical symptoms remained and kept the HDRS
score high. Five items of the HDRS showed statistically significant
mean differences from baseline to endpoint (LOCF): depressed mood,
1.00 (95% C10.11, 1.89), P=0.0319; work and activities, 1.30 (95% CI
0.54, 2.06), P=0.0037; psychomotor retardation, 0.4 (95% CI 0.03,
0.76), P=0.0368; anxiety psychic, 0.90 (95% CI 0.37, 1.43),
P=0.0039; and somatic symptoms general, 0.60 (95% CiI 0.10, 1.10),
P=0.0239.

GAF scores improved significantly from baseline to endpoint
[mean difference = 13.5, 95% CI (5.1, 21.9), P=0.0055), with six of 10
patients (60%) showing a GAF-based treatment response. Two
patients were judged as achieving functional recovery defined as a
GAF score>70. GAF score changes increased as a function of the
improvements of depressive symptoms, HDRS scores, and MADRS
scores [HDRS, r= —0.73, 95% C1 (—0.93, —0.18), P=0.0174; MADRS,
r=—0.80, 95% C1 (—0.95, —0.35), P=0.0050].

Two patients (20%) discontinued treatment because of lack of
efficacy and side effects (n=1 at week 6, nausea and appetite loss;
subject 8 in Table 2) and psychiatric side effects (n=1 at week 2,
irritability and buying sprees, which did not fulfill the criteria of
hypomanic or manic episode of DSM-IV-TR; subject 5 in Table 2).
Reported side effects were nausea, appetite loss, sea sickness-like
symptoms, and consciousness of something non-existent [Leibhaftige
Bewusstheit; Jaspers (1973)] (n=1 each) in four patients. All side
effects were mild and improved by pramipexole termination, dose
reduction, or use of an antiemetic agent.

4. Discussion

In this open-label, nonrandomized, prospective study, we found
that pramipexole added to antidepressants seemed to be effective for
improving stage 2 treatment-resistant major depression in six of 10
patients (60%) based on the primary outcome (MADRS score).
Statistically significant improvements in depressive symptoms were
seen overall in the entire sample. Using secondary outcome measures
(HDRS and GAF), similarly high response rates were observed (50-
60%), indicating that pramipexole improved not only depressive
symptoms, but also psychosocial function. No serious side effects were
seen, which is consistent with previous studies (Inoue et al., 1996;
Izumi et al., 2000; Sporn et al., 2000; Lattanzi et al., 2002; Cassano et al.,
2005), and the discontinuation rate was relatively low (2 of 10 patients
[20%]). Two of the 10 patients were not able to complete the open-
label trial due to intolerable side effects, but among the remaining
eight patients, pramipexole was reasonably well tolerated.

Pramipexole improved total MADRS scores. We analyzed whether
improvements differed among the sub-items of this scale. Eight of 10
items of the MADRS showed significant improvements. Accordingly, it
does not appear that pramipexole improves only a certain subset of
depressive symptoms. Improvements in the 17-item HDRS (HDRS;7)
were seen in five sub-items, all of which were symptoms of so-called
“Bech's, HDRSg", which is more clearly unidimensional and more
sensitive to changes than the HDRS,7 (Carmody et al., 2006). Both the
MADRS and the HDRSg are related highly to the core concept of
depression and had acceptable effect sizes in two clinical trials
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including highly treatment-resistant and non-treatment-resistant
patients with major depression, respectively (Carmody et al., 2006).
Hence, our data on changes in sub-items over time are in good
agreement with a previous study (Carmody et al., 2006).

The antidepressant effects of pramipexole were first observed in
several animal models and, later, in a series of controlled and
uncontrolled clinical studies in which pramipexole was used as
monotherapy or augmentation therapy in patients with bipolar and
unipolar depression (Aiken, 2007). A randomized controlled trial of
pramipexole compared three doses of pramipexole to fluoxetine and
placebo in 174 subjects with non-refractory unipolar major depres-
sion (Corrigan et al, 2000). At 8 weeks, pramipexole performed
comparably to fluoxetine and significantly better than placebo;
pramipexole 1.0 mg per day resulted in significant improvement
over baseline compared with the placebo group. In addition, six
previous studies have reported that dopamine receptor agonists,
including pramipexole, in addition to antidepressants improved
major depressive disorder ‘refractory to at least one standard
antidepressant trial (Bouckoms and Mangini, 1993; Inoue et al.,
1996; Izumi et al, 2000; Sporn et al,, 2000; Lattanzi et al., 2002:
Cassano et al., 2005). However, two studies did not define treatment-
resistant depression clearly (Bouckoms and Mangini, 1993; Sporn
etal, 2000). Four studies included not only major depressive disorder,
but also major depressive episode associated with bipolar disorder
(Bouckoms and Mangini, 1993; Sporn et al., 2000; Lattanzi et al., 2002;
Cassano et al., 2005). Although these six studies might include stage 2
treatment-resistant major depressive disorder as defined by Thase
and Rush (1995), the efficacy of dopamine agonists for stage 2 major
depressive disorder remains unclear. Our study suggests that a
dopamine receptor agonist may be an effective adjunctive therapy
for stage 2 treatment-resistant major depressive disorder.

The clinical efficacy of pramipexole for treatment-resistant bipolar
depression is clearer than that for treatment-resistant unipolar depression
(Goldberg et al, 2004; Zarate et al, 2004). In addition to the open trials
with dopamine receptor agonists described above (Bouckoms and
Mangini, 1993; Sporn et al, 2000; Lattanzi et al, 2002; Cassano et al.,
2005), two preliminary randomized, double-blind, placebo-controlled
trials were undertaken for treatment-resistant bipolar depression among
patients with non-response to at least two adequate trials of standard
antidepressants with concomitant mood stabilizers during the current
depressive episode (Goldberg et al, 2004) or non-response to at least one
adequate antidepressant trial regardless of concomitant mood stabilizer
(Zarate et al, 2004). Both studies showed significant antidepressant
effects of pramipexolé. Because bipolar disorder is one of the most
common reasons for treatment-resistant major depression (Sharma et al.,
2005; Inoue et al,, 2006), the clinical efficacy of pramipexole suggests that
pramipexole may be effective for unrecognized bipolar depression that
has been treated as treatment-resistant major depression.

This study does not prove efficacy or safety of this agent because it was
nonrandomized and uncontrolled, but it does apply a prospective
outcomes assessment, with no changes allowed in any other treatments.
Thus, it provides useful pilot data that tend to support performing
randomized studies of pramipexole in stage 2 treatment-resistant major
depressive disorder. However, two limitations should be noted. First,
open-label case series tend to over-estimate the effectiveness of novel
interventions. Second, this study examined the short-term efficacy of
pramipexole. Future studies examining long-term efficacy are needed
because a high proportion of patients with more advanced levels of
treatment-resistant major depression relapsed after responding to later
stage therapies in STAR*D (Rush et al., 2006).

5. Conclusion
Pramipexole may have benefit for stage 2 treatment-resistant

major depressive disorder. Further studies to confirm the clinical
efficacy of pramipexole are warranted.
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Monoamine oxidase inhibitors (MAO inhibitors) have been widely used as antidepressants. However, it
remains unclear whether a difference exists between non-selective MAO inhibitors and selective MAO-A
inhibitors in terms of their antidepressant effects. Using in vivo microdialysis methods, we measured
extracellular noradrenaline and serotonin levels following administration of Ro 41-1049, a reversible MAO-A
inhibitor and/or lazabemide, a reversible MAO-B inhibitor in the medial prefrontal cortex (mPFC) of rats. We
examined the effect of local infusion of B-phenylethylamine to the mPFC of rats on extracellular
noradrenaline and serotonin levels. Furthermore, the concentrations of B-phenylethylamine in the tissue
of the mPFC after combined treatment with Ro 41-1049 and lazabemide were measured. The Ro 41-1049
alone and the combined treatment significantly increased extracellular noradrenaline levels compared with
vehicle and lazabemide alone. Furthermore, the combined treatment increased noradrenaline levels
significantly more than Ro 41-1049 alone did. The Ro 41-1049 alone and the combined treatment
significantly increased extracellular serotonin levels compared with vehicle and lazabemide alone, but no
difference in serotonin levels was found between the combined treatment group and the Ro 41-1049 group.
Local infusion of low-dose B-phenylethylamine increased extracellular noradrenaline levels, but not that of
serotonin. Only the combined treatment significantly increased B-phenylethylamine levels in tissues of the
mPFC. Our results suggest that the combined treatment with a MAO-A inhibitor and a MAO-B inhibitor
strengthens antidepressant effects because the combined treatment increases extracellular noradrenaline
levels more than a MAO-A inhibitor alone through increases in f-phenylethylamine,

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

sant of the depression treatment for the reasons described above (Lam
et al, 2009).

Non-selective MAQ inhibitors were first developed as antidepres-
sants. Subsequently, selective MAO inhibitors such as selective
monoamine oxidase A (MAO-A) inhibitor (clorgyline) and selective
monoamine oxidase B (MAO-B) inhibitor (selegiline) were introduced.
However, irreversible MAO inhibitors entail risks of causing hyperten-
sive attacks after consumption of tyramine-rich food (Blackwell et al.,
1967) and of causing serotonin syndrome in cases of co-administration
of non-selective MAQ inhibitors and tricyclic antidepressants (TCA) or
selective serotonin reuptake inhibitors (SSRIs) (Schuckit et aL, 1971;
Ananth and Luchins, 1977; Sternbach, 1991). Consequently, MAO
inhibitors have been used only infrequently as the first-line antidepres-

* Corresponding author. Tel.: +81 11 706 5160; fax: +81 11 706 5081.
E-mail address: tinoue@med.hokudai.acjp (T.Inoue).

0014-2999/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.ejphar.2010.04.014 .

Reversible monoamine oxidase A inhibitors (RIMAs) were devel-
oped later. Moclobemide, an RIMA, has an antidepressant effect that is
equal to that of SSRIs and different side effect profiles from SSRIs
(Papakostas and Fava, 2006). In several countries, RIMAs are used for
the treatment of depression. Now, RIMAs are recognized as important
antidepressants. They are used as first-line antidepressants for the
treatment of depression (Lam et al., 2009).

Several reports have described that the MAO-A inhibition con-
tributes to the mechanism of antidepressant effects of MAO inhibitors |
more than MAO-B inhibition (Lipper et al., 1979; Mann et al., 1989).
Moreover, Larsen et al. (1991) reported that RIMA has equal
antidepressant effects to those of irreversible MAO inhibitors.
However, Lotufo-Neto et al. (1999) examined antidepressant effects
of MAO inhibitors in a meta-analysis and described the possibility that
non-selective MAO inhibitors are more effective than RIMA. Conse-
quently, it is likely that MAO-B inhibition also contributes to an
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antidepressant effect. Nevertheless, no consensus has been reached on
the matter.

For this study, to examine the pharmacological mechanism of
antidepressant effects of MAO-A and MAO-B inhibitors, we measured
extracellular noradrenaline and serotonin levels after administration of
R0 41-10489, an RIMA, and/or lazabemide, a reversible MAO-B inhibitor
in the medial prefrontal cortex (mPFC) of rats using the in vivo

microdialysis method. A main substance of MAO-B, B-phenylethyl-

amine, exists in the brain; it is related to catecholamine release
(Mesfioui et al, 1998; Nakamura et al, 1998; Burchett and Hicks,
2006). Accordingly, we also measured extracellular noradrenaline and
serotonin levels after local infusion of B-phenylethylamine to the mPFC
of rats. In addition, the concentrations of -phenylethylamine in the
tissues of the mPFC after administration of Ro 41-1049 and lazabemide
were measured.

2, Materials and methods
2.1. Animals

Male Sprague-Dawley rats weighing 180-280 g were obtained
from the Shizuoka Laboratory Animal Center (Shizuoka, Japan) and
were housed in groups of four and maintained on a 12 h light-dark
cycle (light phase: 06:30-18:30) in a temperature-controlled envi-
ronment (22 + 1 °C) with free access to food and water. Experiments
began after a 10-day period of acclimatization. All procedures were
approved by the Hokkaido University School of Medicine Animal Care
and Use Committee. They complied with the Guide for the Care and
Use of Laboratory Animals, Hokkaido University School of Medicine.

2.2. Drugs

After dissolution in saline, Ro 41-1049 (N-(2-aminoethyl)-5-(3-
fluorophenyl)-4-thiazolecarboxamide hydrochloride) (Research Bio-
chemical Inc, Natick, USA.) and lazabemide (N-(2-aminoethyl)-5-
chloro-2-pyridinecarboxamide hydrochloride) (F. Hoffman-La Roche
Ld,, Switzerland) were injected intraperitoneally (ip.) at a volume of
1 mi/kg. Then B-phenylethylamine (Sigma Chemical Co., St. Louis, USA)
was dissolved in artificial cerebrospinal fluid (CSF) and was thereafter
administered from microdialysis probes (reverse-dialysis). The doses of
the selective MAO-A and MAO-B inhibitors were chosen, respectively, to
inhibit MAO-A and MAO-B fully and selectively (Da Prada et al., 1990).

2.3. Microdialysis procedures

2.3.1. Surgery and perfusion
Experiments were performed according to a procedure described in

a previous report (Kitaichi et al., 2004). Briefly, rats were implanted
stereotaxically under pentobarbital anesthesia (30 mg/kg i.p.) using an
AG~4 guide cannulae (Eicom Corp., Kyoto, Japan) leading to the surface
of the mPFC at the following coordinates relative to the bregma: A+ 3.2,
ML+ 0.8, DV + 1.0 mm. Dialysis probes with 0.22 mm outer diameter
(A-1-4-03; Eicom Corp.) were then inserted into the guide cannulae so
that 3.0 mm of the probe was exposed to the tissue of the mPFC. Rats
were housed individually after these operations.

Experiments were performed using freely moving rats. On the
following day, 24 h after surgery, perfusion was started using artificial
CSF(145 mM NaCl, 3.0 mM KCl, 1.3 mM CaCl,, 1.0 mM MgCl,) at a flow
rate of 1 pl/min. Following initial perfusion for 2 h, dialysate samples
were collected in sample vials containing 50 pl of 0.05 M acetic acid
every 40 min for 440 min.

2.3.1.1. Experiment 1: Acute Ro 41-1049 (30 mg/kg) and lazabemide
(10 mg/kg) on extracellular noradrenaline and serotonin concentrations.
Rats received a single injection (ip.) of vehicle, Ro 41-1049 (30 mg/kg),
lazabemide (10 mg/kg), or the combination of Ro 41-1049 (30 mg/kg)

and lazabemide (10 mg/kg), 200 min after the first dialysate samples
were collected. Extracellular noradrenaline and serotonin levels were
determined using high-performance liquid chromatography with
electrochemical detection (HPLC-ECD) (Eicom Corp.).

2.3.1.2. Experiment 2: Local infusion of B-phenylethylamine (0, 10, and
100 pimol/l) into the mPFC on extracellular noradrenaline and serotonin
concentrations. Rats received local infusion of B-phenylethylamine
(0. 10, and 100 pmol/1) via reverse microdialysis into the mPFC (local
reverse-dialysis) during 0-240 min, 200 min after the first dialysate
samples were collected. Extracellular noradrenaline and serotonin
levels were determined using HPLC-ECD (Eicom Corp.).

2.32. Analytical procedures for noradrenaline

The HPLC system consisted of a liquid chromatograph pumnp (EP-300;
Eicom Corp.), a degasser (DG-300; Eicom Corp.), a reverse phase ODS
column (Eicompak CA-50DS 150 2.1 mm; Eicom Corp.), an ECD-300
electrochemical detector (Eicom Corp.), and a data acquisition system
(PowerChrom; AD Instruments Pty. Ltd., Sydney, Australia). For the
noradrenaline analysis, 30 ul of dialysate was injected into the HPLC
system that used a 0.1 M phosphate buffer (pH 6.0) mobile phase
containing 5% (v/v) methanol, 50 mg/l Na;EDTA and 500 mg/l
L-octanesulfonic acid. Separations were conducted at 25 °C with a flow
rate of 023 ml/min. The electrochemical detector was set at an oxidation
potential of 550 mV. Noradrenaline standard solutions were injected
every working day and the peak heights for the standard were used for
comparison to determine the amount of noradrenaline in the samples.

2.3.3. Analytical procedures for serotonin

To determine serotonin concentrations, the same equipment as
that used for the noradrenaline analysis with the exception of a
different reverse phase ODS column, an Eicompak PP-ODS 30 4.6 mm
(Eicom Corp.) was used. For serotonin analysis, 20 pl of dialysate was
injected into the HPLC system that used a 0.1 M phosphate buffer
(pH 6.0) mobile phase containing 1% (v/v) methanol, 50 mg/l Na,.
EDTA and 500 mg/l sodium L-decanesulfonate, Separations were
conducted at 25 °C with a flow rate of 0.5 m!/min. The electrochemical
detector was set at an oxidation potential of 400 mV. Standard
solutions for serotonin were injected every working day, and the peak
heights for the standards were used for comparison to determine the
amount of serotonin in the samples.

2.4. Experiment 3: Effect of acute Ro 41-1049 (30 mg/kg) and lazabemide
(10 mg/kg) on B-phenylethylamine concentrations in the mPFC

Rats were administered vehicle, Ro 41-1049 (30 mg/kg), lazabe-
mide (10 mg/kg) or the combination of Ro 41-1049 (30 mg/kg) and
lazabemide (10 mg/kg). All rats were killed by decapitation 4 h after
drug administration. Brains were quickly removed and frozen at
—80°C. We entrusted the measurement of B-phenylethylamine
concentrations of the mPFC to S-Medical Service Inc. (Tokyo, Japan).
B-Phenylethylamine was measured using gas chromatography-mass
spectrometry.

2.5, Statistical analysis

All data are given as the mean values + S.EM. of individual rats from
each group. The noradrenaline and serotonin contents of dialysate
samples were expressed as absolute values (pg/fraction).

In experiment 1, to investigate the combined effect of Ro 41-1049
and lazabemide (2x2 design) on extracellular noradrenaline and
serotonin concentrations, repeated measures analysis of variance
(ANOVA) for absolute values was used during the 0-240 min interval
after MAO inhibitors administration. The respective areas under the
curve for the 0-240 min periods were compared among the four
groups using one-way ANOVA, followed by Duncan's test. Differences



