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Definition of Depression

A. An affective disorder characterized by sadness of duration and intensity such that it is incapacitating.   A major depressive episode is defined as a prominent and persistent depressive or dysphoric mood that interferes with daily functioning.
a. Signs and Symptoms (5 of the following considered diagnostic for major depressive episode)
i. changes in appetite 

ii. changes in sleep habits
iii. psychomotor agitation or retardation
iv. loss of interest in usual activities
v. decreased sex drive
vi. fatigue
vii. feelings of guilt and worthlessness
viii. discouragement about the future
ix. slowed thinking/impaired concentration
x. frequent crying
xi. seclusivness and non-verbalization
xii. suicidal ideation or attempts
B. Classes of antidepressants
a. Tricyclic antidepressants (TCAs)
b. Selective serotonin reuptake inhibitors (SSRIs)
c. Miscellaneous antidepressants including trazodone, buproprion, venlafaxine and nefazodone
d. Monoamine oxidase inhibitors (MAOIs)
C. Causes of depression
a. The biogenic amine hypothesis of depression: 
i. The theory is that depression is due to reduced functional activity of (  one of the endogenous monoamines (norepinephrine, serotonin) in the brain.  It was believed that certain types of depression were caused by brain neurotransmitter deficiency and that antidepressants relieved depression by inhibiting the reuptake of serotonin and norepinephrine, thereby correcting this deficiency and facilitating neurotransmission.  This explanation is now being questioned for several reasons.  First, several antidepressant agents lack any apparent effect on neurotransmitter reuptake.  More importantly, the blockade of neurotransmitter reuptake occurs within minutes to hours of antidepressant drug initiation, while the antidepressant effects usually take 1 - 4 weeks to manifest.  
b. The dysregulation hypothesis: The emphasis of research has shifted from acute reuptake effects tot he slower adaptive changes in norepinephrine and serotonin receptor systems induced by chronic antidepressant therapy.  Postsynaptic receptors participate in nerve impulse neurotransmission while the presynaptic receptors regulate neurotransmitter release and reuptake, an important mechanism of neurotransmitter inactivation.  Long-term antidepressant treatment produces complex changes in the sensitivities of broth presynaptic and postsynaptic receptor sites.  The net effect is the correction (re-regulation) of an abnormal receptor-neurotransmitter relationship.  Clinically this re-regulatory action speeds up the patient's natural recovery process from the depressive episode by normalizing neurotransmission efficacy.
D. General Mechanism overview for antidepressants

a. Antidepressant medications have an immediate effect on neurotransmission but clinical effects are delayed for weeks

b. Therefore the initial effects or receptor potency of an antidepressant cannot predict in clinical effect.
c. Clinical effects are probably attributed to a change in presynaptic receptor density. Presynaptic receptors are usually inhibitor and help a neuron decrease its release of neurotransmitters. A down regulation of presynaptic receptors would promote increase synthesis and release of neurotransmitters in the synaptic cleft and subsequently improve signaling to postsynaptic neurons

Therapeutic Considerations with Antidepressants

A. Goals of Therapy

a. Reduce symptoms of depression

b. Return patient to previous level of functioning 

B. Stages in Treatment of Depression

a. Acute-goal is to achieve symptom control and attain remission (6-12 weeks)

b. Continuation-Sustained used of antidepressant therapy to continue response and improve/sustain remission (4-9 months)

c. Maintenance-Long-term use of antidepressant usually employed in patients with several depressive episodes or severe, chronic depression

C. Antidepressants are generally consider equivalent in effectiveness when given in comparable doses

a. Choose Antidepressants based on patient factors, adherence factors and adverse effect profile

b. Judge efficacy after an adequate trial of the antidepressant at an appropriate dose of 4-8 weeks. Intolerable adverse effects may require a quicker change.

D. Failure to respond to one class of antidepressants does not predict response to another class

E. Start at low dose and titrate up to response

F. It takes at least 3-4 weeks to see effects; Some cases 4-6 weeks to see full effect

G. Remission- is a return to normal mood.

a.  can take up to 12 weeks to occur

b. 1/3 of patients will achieve with first antidepressant

H. Response is a 50% reduction in symptoms

a. 60-70% will respond with first antidepressant

I. Do not abruptly stop antidepressant therapy; must taper patient to prevent withdrawal symptoms

J. Most therapy is continued for 4-9 months after depressive episode has gone into remission
K. Augmentation and Combination therapy

a. Many patients will need more than one treatment trial and some will require polytherapy and/or augmenting agents

b. Combination Therapy

i. Could be used in patient’s not achieving full response with monotherapy

ii. SSRI + Bupropion is the most rationale combination therapy based on mechanism of action

iii. Avoid SSRI +SRNI to minimize risk of serotonin syndrome

c. Augmentation therapy

i. Patient’s with little response to monotherapy could benefit from augmentation therapy.

ii. Regimens include

1. Adding lithium

2. Adding an atypical antipsychotic (quetiapine and aripiprazole are have FDA-approved indications)

3. Thyroid (if patient has subclinical hypothyroid)

4. Stimulants (if patient has vegetative symptoms

L. SEE ACCOMAPNYING ARTICLES RELATED TO SUICIDALITY 

TCAs

A. Mechanism of action: The TCAs, structurally related to the phenothiazine antipsychotic agents, possess 3 major pharmacologic actions in varying degrees:
a.  Blocking of the amine pump, sedation and peripheral and central anticholinergic action.  
i. In contrast to phenothiazines which act on dopamine receptors, TCAs inhibit reuptake of NE or 5-HT at the presynaptic neuron.  
ii. Other pharmacologic effects include inhibition of histamine and acetylcholine activity.
B. Clinical effects:  In addition to their antidepressant effects, TCAs may induce the following effects

a.  Sedation

b. anticholinergic effects

c. mild peripheral vasodilator effects

d. possible "quinidine-like" (anti-arrhythmic effects)
C. Pharmacokinetics:  
a. TCAs are well absorbed but undergo a significant first-pass effect.
b. They are highly bound (>90%) to plasma proteins, lipid soluble and widely distributed in tissues, including the CNS. 
c.  Effective dosage levels vary greatly and must be individualized.

d. Metabolism of TCAs occurs in the liver by demethylation, hydroxylation and glucuronidation and it varies for each patient.

i. Because of the long half-lives of most products, a single daily dose may be given.

1.  Four weeks may be required to achieve maximal clinical response.
D. Indications:
a. depression:  relief of symptoms of depression (except clomipramine)
b. treatment of enuresis in children >+ 6 years of age as temporary adjunctive therapy (imipramine)
c. clomipramine:  only indicated for treatment of obsessive-compulsive disorder
d. unlabeled uses:  
i. analgesic adjuncts for phantom limb pain

ii. chronic pain and chronic neuropathic pain (migraine, chronic tension headache, diabetic neuropathy, tic douloureux, cancer pain, peripheral neuropathy, post-herpetic neuralgia, arthritic pain)

iii.  pathologic laughing and weeping secondary to forebrain disease 

iv. facilitation of cocaine withdrawal

v. panic disorder

vi. eating disorders

vii. PMS

viii. Dermatologic disorder (chronic urticaria, angioedema, nocturnal pruritis in atopic eczema)
E. Contraindications:

a. prior sensitivity to any tricyclic drug

b. Not recommended for use in acute recovery phase following MI

c. Concomitant use of MAOIs.
F. Warnings:
a. Seizure disorders - TCAs lower seizure threshold
b. Anticholinergic effects - use with caution in patients with history of urinary retention, narrow-angle glaucoma or increased intraocular pressure.
c. Cardiovascular disorders - use with extreme caution in patients with CV disorders due to the possibility of conduction defects, arrhythmias, CHF, tachycardia, MI, strokes, etc.
d. Psychiatric patients - schizophrenic or paranoid patients may exhibit worsening of psychosis.
e. Mania/hypomania - TCAs may precipitate manic or hypomanic episodes.
f. MAOIs - allow at least 14 days between MAOI discontinuation and TCA institution.
g. Hepatic impairment - use with caution and in reduced doses in patients with hepatic impairment to avoid drug accumulation.
h. Elderly - be cautious in dose selection for an elderly patient, usually starting at the low end of the dosing range.  Elderly patients may be sensitive to the anticholinergic side effects of TCAs.
i. Pregnancy category D (amitriptyline, imipramine, nortriptyline) Category C (amoxapine, clomipramine, desipramine, doxepin, protriptyline, trimipramine).  
j. Children: not recommended for patients < 12 years of age (expect for imipramine for enuresis.)
k. Overdose potential: Potentially lethal if patient overdoses on medication

	Adverse Effects of Commonly Used TCAs

	
	Anticholinergic
	Sedation
	Orthostatic Hypotension
	Cardiotoxicity 

	Amitriptyline
	High
	High
	Moderate
	High

	Imipramine
	Moderate
	Moderate
	High
	High

	Desipramine
	Low
	Low
	Moderate
	Moderate

	Nortriptyline
	Moderate
	Moderate
	Low
	Moderate


G. Drug Interactions

a. MAOI and TCAs increase risk of Serotonin Syndrome
i. Do not use together
b. Substrate of CYP 2D6 watch for use with CYP 2D6 inhibitors 

i. Examples

1. fluoxetine

2. paroxetine

3. ritonavir

c. Use with lithium increases risk of neurotoxicity

d. May prolong QT interval watch with antiarrhythmics or other drugs that prolong QT

H. Adverse Reactions:
a. sedation and anticholinergic effects
b. withdrawal symptoms (dizziness, HA, N/V, malaise, sleep disturbances)
c. cardiovascular:  arrhythmias, changes in AV conduction, hypertension, hypertension, orthostasis, palpitations, precipitation of CHF, premature ventricular contractions, stroke, sudden death, syncope, tachycardia.
I. Patient Information:
a. Tell physician or pharmacists before using if you have other medical conditions; what medications you are currently taking; if you have ever had an unusual or allergic reaction to any TCA; or if you are pregnant or breastfeeding

b. Discontinue drug and get emergency help if any of the following occurs:  seizures, difficult breathing, fever with increased sweating, loss of bladder control, muscle stiffness, unusual tiredness or weakness.
c. Warn patients of the risk of seizure
d. Advise patients to complete full course of therapy, may take 4 - 6 weeks to see full benefits
e. Caution patients against use of alcohol, barbiturates, and other CNS depressants because effects may be exacerbated by TCAs
f. Do not discontinue therapy of take other drugs without consent of physician; abrupt discontinuation of therapy may cause nausea, headache and malaise.
g. May cause drowsiness, dizziness, blurred vision; use caution when driving or performing tasks that require alertness, coordination or physical dexterity
h. Avoid prolonged exposure to sunlight or sunlamps as photosensitivity may occur.

Selective Serotonin Reuptake Inhibitors (SSRIs)
A. Clinical Pharmacology: 
a. Selective serotonin reuptake inhibitors (SSRIs) are oral antidepressant agents chemically unrelated to the tricyclic, tetracyclic, or other available antidepressants. 
b. The antidepressant action of the SSRIs is presumed to be linked to their inhibition of CNS neuronal uptake of serotonin (5HT). 
c. Studies have demonstrated that fluoxetine (and its active metabolite S-norfluoxetine), fluvoxamine, paroxetine, sertraline, and citalopram, escitalopram are potent and selective inhibitors of neuronal serotonin reuptake, and they also have a weak effect on norepinephrine and dopamine neuronal reuptake.
d.  SSRIs have little affinity for muscarinic, GABA, benzodiazepine, alpha 1, alpha 2, beta-adrenergic, dopamine (D 2 ), 5-HT 1, 5-HT 2, and histamine (H 1 ) receptors and therefore very little anticholinergic, sedative, and cardiovascular effects for other psychotropic drugs.
B. Indications:  
a. Obsessive-Compulsive disorder (OCD): Fluvoxamine, fluoxetine, paroxetine, sertraline. 
b. Depression: Fluoxetine, paroxetine, sertraline, citalopram, escitalopram.
c. Bulimia nervosa: Fluoxetine.
d. Panic disorder: Sertraline, paroxetine 
C. Contraindications:  
a. Hypersensitivity to SSRIs or any inactive ingredients; in combination with an MAO inhibitor, or within 14 days of discontinuing an MAOI 

b.  coadministration of fluvoxamine with cisapride.
D. Warnings
a. MAO inhibitors: In patients receiving an SSRI in combination with an MAOI, serious, sometimes fatal, reactions have occurred, including hyperthermia, rigidity, myoclonus, and mental status changes that include confusion, irritability, extreme agitation progressing to delirium, and coma. These reactions have also occurred in patients who have recently discontinued an SSRI and have been started on an MAOI. Therefore, it is recommended that SSRIs not be used in combination with an MAOI or within 14 days of discontinuing treatment with an MAOI. Allow at least 2 weeks after stopping the SSRIs before starting an MAOI; allow at least 5 weeks after stopping fluoxetine before starting an MAOI.
b. Hepatic function impairment: SSRIs are extensively metabolized by the liver. Use with caution in patients with severe liver impairment.
c. Pregnancy: Paroxetine = Category D! Category C (, sertraline, fluoxetine, fluvoxamine, citalopram). There are no adequate and well-controlled studies in pregnant women. Use during pregnancy only if clearly needed.
d. Lactation: SSRIs are excreted into breast milk. Exercise caution when SSRIs are administered to a nursing woman.
e. Children: Possible risk of increased suicidality in children and adolescents. See article

E. Precautions:
a. Activation of mania/hypomania 
b. Seizures have occurred; use with care in patients with history of seizures; discontinue therapy if seizures occur.
c. Hyponatremia: Several cases of fluoxetine, sertraline, paroxetine, and citalopram -induced hyponatremia have occurred.
d. Hazardous tasks: SSRIs may cause dizziness or drowsiness. Instruct patients to observe caution while driving or performing tasks requiring alertness, coordination, or physical dexterity.
F. Drug Interactions:
a. P450 system: Each agent is a substrate and/or inhibitor of different CYP P450 isozyme

b. See Table of Inhibitors for various antidepressants
c. Serotonin syndrome: The serotonin syndrome is a complication of therapy with serotonergic drugs. It is most commonly observed when 2 drugs that potentiate serotonergic neurotransmission are used concurrently. When this problem occurs with SSRIs, it is most commonly in the setting of other concurrent medications such as MAOIs, which increase serotonin by different mechanisms. Other such drugs include tryptophan, amphetamines or other psychostimulants, other antidepressants that increase 5-HT levels, buspirone, lithium, or dopamine agonists (e.g., amantadine, bromocriptine).
G. Adverse Effects
a. CNS:  insomnia, headache, nervousness, sedation, seizures (rare)
i. Paroxetine and fluvoaxamine are more sedating

ii. Fluoxetine and sertraline are more activating (insomnia, agitation) 

b. GI:  nausea, diarrhea, anorexia, teeth grinding
c. Dermatologic:  Photosensitivity
d. GU:  Impotence, delayed ejaculation
e. Musculoskeletal:  asthenia
f. Miscellaneous:  excessive sweating
g. Hyponatermia Rare but consider checking sodium in elderly and those at risk for hyponatremia
H. Patient Information:
a. Hazardous tasks: SSRIs may cause dizziness or drowsiness. Advise patient to observe caution while driving or performing other tasks requiring alertness, coordination, or physical dexterity.
b. Alcohol: Although SSRIs have not been shown to increase the impairment of mental and motor skills caused by alcohol, advise patients to avoid alcohol during therapy.
c. Pregnancy or lactation: Women should notify physician if they are pregnant, intend to become pregnant, or are breastfeeding.
d. Rash: Notify physician if rash, hives, or a related allergic phenomenon develops.
e. Completing course of therapy: While patients may notice improvement in 1 to 4 weeks, advise patients to continue therapy as directed. It may take 4-6 weeks to see full effect
f. Do not stop therapy abruptly; leads to withdrawal signs and symptoms

g. Photosensitivity: May cause photosensitivity (sensitivity to sunlight). Avoid prolonged exposure to the sun and other ultraviolet light. Use sunscreens and wear protective clothing until tolerance is determined.
	Comparison of SSRIs

	 
	Fluoxetine
	Sertraline
	Paroxetine
	Fluvoxamine
	Citalopram
	Escitalopram

	Half-life
	1-4 days
	26 hours
	21 hours
	15 hours
	32 hours
	27-32 hours

	Active metabolites
	Yes
	No
	No
	No
	No
	No

	Adverse Effects
	Insomnia, anorexia, nausea, delayed ejaculation
	Nausea, delayed ejaculation
	Sedation, increased appetite, nausea, delayed ejaculation, diarrhea
	Insomnia, sedation, headache, nausea, diarrhea
	Insomnia, headache, nausea, 
	Insomnia, headache, nausea

	Prominent Adverse Effects
	Irritability, agitation, insomnia, anorexia
	Nausea
	Sedation weight gain
	nausea, diarrhea
	Headache
	Headache


Serotonin Norepinephrine Reuptake Inhibitors (SNRIs)
A. Venlafaxine, desvenlafaxine, duloxetine, and milnacipran
a. Clinical Pharmacology
i. Inhibit the reuptake of NE and 5-HT (similar to TCAs but void of cholinergic, histaminic, and alpha adrenergic activity)
ii. Venlafaxine has less effect on NE reuptake at does less than 150mg/day. All others have NE and 5-HT reuptake inhibition across all doses
iii. Venlafaxine is available in extended release and regular release formulations. Regular release is TID while extended release is daily
iv. Desvenlafaxine is an active metabolite of venlafaxine. Also called O-desmethylvenlafaxine (ODV).
b. Indications (FDA-approved)
i. Depression-Venlafaxine, Desvenlafaxine, duloxetine
ii. Generalized Anxiety Disorder-Venlafaxine, duloxetine
iii. Panic Disorder- Venlafaxine
iv. Duloxetine also has indications for diabetic neuropathy, chronic musculoskeletal pain, and fibromyalgia
v. Milnacipran is currently FDA approved for fibromyalgia but is used in Europe as an antidepressant
c. Contraindications: 
i. Hypersensitivity to any ingredients of the product; concomitant use in patients taking monoamine oxidase inhibitors (MAOIs).
d. Warnings:
i. MAO inhibitors: is recommended that SNRIs not be used in combination with a MAOI, or within 14 days of discontinuing treatment with a MAOI. Based on the half-life of venlafaxine, allow at least 7 days after stopping venlafaxine before starting a MAOI.
ii. Sustained hypertension: Desvenlafaxine and Venlafaxine treatment is associated with sustained increases in blood pressure. There is a dose-dependent increase in the incidence of sustained hypertension. Usually not clinical significant unless patient has uncontrolled hypertension

iii. Renal/Hepatic function impairment: Use with caution. In patients with renal impairment (GFR, 10 to 70 ml/min) or cirrhosis of the liver. Dose adjustments for different CrCl are available 
iv. Elderly: No overall differences in effectiveness, safety, or response were observed between elderly and younger patients. However, greater sensitivity of some older individuals cannot be ruled out.
v. Pregnancy: Category C.  There are no adequate and well-controlled studies in pregnant women. Use during pregnancy only if clearly needed
vi. Lactation: SNRIs are excreted in breast milk. Because of the potential for serious adverse reactions in nursing infants, decide whether to discontinue nursing or discontinue the drug, taking into account the importance of the drug to the mother.
e. Adverse effects

i. Similar to SSRIs

ii. Typical adverse effects

1. Somnolence, insomnia, dizziness, abnormal ejaculation, headache, nausea, GI upset, diarrhea

2. Venlafaxine and desvenlafaxine are associated with increases in blood pressure

3. Duloxetine is associated with nausea, diarrhea, irritability

4. Milnacipran is associated with Headache, insomnia, nausea
f. Drug Interactions: 

i. Venlafaxine substrate/weak inhibitor of CYP 2D6 

ii. Desvenlafaxine substrate/weak inhibitor of CYP 3A4

iii. Duloxetine- Moderate CYP 2D6 inhibitor
iv. Do not use with MAO inhibitors
v. In general do not use in combination with SSRIs to minimize risk of serotonin syndrome
Miscellaneous Antidepressants

A. Trazodone (Desryl)
a. Clinical Pharmacology: 
i. Trazodone is an antidepressant chemically unrelated to tricyclic and tetracyclic antidepressant agents. The mechanism of antidepressant action is not fully understood. 
ii. Trazodone is a serotonin reuptake inhibitor that also is a 5-HT2A receptor inhibitor. Also has antihistaminic and (-blocking effects
b. Indications: 
i. Treatment of depression but most likely to be used for insomnia
ii.  Unlabeled uses: aggressive behavior; to decrease cravings for alcohol, depression, and anxious symptoms in patients with alcoholism; panic disorder or agoraphobia with panic attacks; insomnia often in conjunction with an SSRI.; cocaine withdrawal.
c. Contraindications:  
i. Hypersensitivity to trazodone; initial recovery phase of MI.
d. Warnings: 
i. Not recommended for use during the initial recovery phase of MI. Clinical studies and postmarketing reports in patients with preexisting cardiac disease indicate that trazodone may be arrhythmogenic in some patients.
ii. Priapism has been reported in male patients receiving trazodone, often requiring surgical intervention. Priapism of the clitoris has also occurred.
iii. Pregnancy category C.  There are no adequate and well-controlled studies in pregnant women. Use during pregnancy only if the potential benefit justifies the potential risk to the fetus.
iv. Lactation: Trazodone and its metabolites have been found in the milk of rats, suggesting that the drug may be excreted in breast milk. Exercise caution when administering to a nursing mother.
v. Children: Safety and efficacy for use in children < 18 years of age have not been established.
e. Precautions:
i. Hypotension: Hypotension, including orthostatic hypotension and syncope, has occurred. Concomitant administration of antihypertensive therapy with trazodone may require a reduction in the dose of the antihypertensive.
ii. Hazardous tasks: May produce drowsiness, dizziness, or blurred vision; patients should observe caution while driving or performing other tasks requiring alertness, coordination, or physical dexterity.
f. Adverse Effects:
i. Sedation

ii. Dizziness

iii. Priapism

iv. Cognitive slowing  
g. Patient Information

i. Take with food. The risk of dizziness/lightheadedness may increase under fasting conditions.
ii. May produce drowsiness or dizziness; advise patients to observe caution while driving or performing other tasks requiring alertness, coordination, or physical dexterity.
iii. Notify physician of dizziness, lightheadedness, or fainting.
iv. Male patients with prolonged, inappropriate, and painful erections should immediately discontinue the drug and consult their physician

v. Medication may cause dry mouth, irregular heartbeat, shortness of breath, nausea, and vomiting; notify physician if these become pronounced.
vi. Avoid alcohol and other depressant drugs.
B. Nefazodone (Serzone)
a. Not used often because of increased of heptatoxicity

b. Clinical Pharmacology

i. Inhibits reuptake of 5-HT and NE

ii. 5-HT2 antagonist

iii. Low affinity to (1 receptors

c. Indication:

i. Depression

d. Contraindications

i. Coadministration with carbamazepine, cisapride, or pimozide

ii. Active liver disease or elevated LFTs

iii. hypersensitivity to nefazodone.
e. Adverse effects

i. Lightheadness

ii. Dizziness

iii. Orthostatic Hypertension

iv. Somnolence

v. Xerostomia

vi. Nausea

vii. Asthenia

viii. Hepatotoxicity
f. Drug Interactions

i. Potent 3A4 (see chart under SSRIs)

ii. cisapride, or pimozide with nefazodone lead to QT prolongation

iii. MAOIs as outlined with other classes

g. Monitor LFTS

h. Low risk of sexual dysfunction

C. Mirtazapine (Remeron)
a. Clinical Pharmacology: 
i. The mechanism of action is unknown. mirtazapine enhances central noradrenergic and serotonergic activity and act as an antagonist at central presynaptic a 2 -adrenergic inhibitory autoreceptors, an action that is postulated to result in an increase in central noradrenergic and serotonergic activity. 
ii. Other pharmacologic effects:  Mirtazapine is a potent antagonist of 5-HT 2 and 5-HT 3 receptors. 
iii. It does not have significant affinity for the 5-HT 1A and 5-HT 1B receptors. 
iv. It is a potent antagonist of histamine (H 1 ) receptors, a property that may explain its prominent sedative effects. 
v. It is also a moderate antagonist at muscarinic receptors, a property that may explain the relatively low incidence of anticholinergic side effects. 
vi. Mirtazapine is a moderate peripheral a 1 -adrenergic antagonist, a property that may explain the occasional orthostatic hypotension associated with its use.
b. Indications: Treatment of depression. 
c. Contraindications: 
i. Hypersensitivity to mirtazapine

ii. coadministration with monoamine oxidase inhibitors.
d. Warnings: 
i. Monamine oxidase inhibitors (MAOIs): Do not give tetracyclics with MAOIs. Allow a minimum of 14 days to elapse after discontinuation of MAOIs before starting a tetracyclic.
ii. Seizures: Seizures are rare with mirtazapine.  While a cause-and-effect relationship has not been established, the risk of seizures in patients treated with tetracyclics may be reduced by the following: 
1. Initiating therapy at a low dosage. 
2. Maintaining the initial dosage for 2 weeks before raising it gradually in small increments as necessary. 
3. Keeping the dosage at the minimally effective level during maintenance therapy.
iii. Cardiovascular effects: Use with caution in patients with a history of MI and angina because of the possibility of conduction defects, arrhythmia, MI, strokes, and tachycardia.
iv. Elderly: Caution is indicated in administering mirtazapine to elderly patients due to decreased clearance.
v. Pregnancy Category C. There are no adequate and well-controlled studies in pregnant women. Use during pregnancy only if clearly needed.
vi. Lactation:   It is not known if mirtazapine is excreted in breast milk. Use caution when mirtazapine is administered to nursing women.
e. Precautions
i. Somnolence: Somnolence was reported in 54% of patients treated with mirtazapine.  It is unclear whether or not tolerance develops to the somnolent effects. Because mirtazapine has potentially significant effects on performance, caution patients about engaging in activities requiring alertness until they have been able to assess the drug's effect on their psychomotor performance.
ii. Dizziness: Dizziness was reported in 7% of patients treated with mirtazapine. It is unclear whether or not tolerance to the dizziness develops.
iii. Increased appetite/weight gain: Appetite increase was reported in 17% of patients treated with mirtazapine.
iv. Cholesterol/Triglycerides: Nonfasting cholesterol increases to >= 20% above the upper limits of normal were observed in 15% of mirtazapine patients. In some cases, nonfasting triglyceride increases to >= 500 mg/dl were observed.
v. Orthostatic hypotension: Mirtazapine was associated with significant orthostatic hypotension in clinical trials with healthy volunteers. 
vi. Laboratory tests: Clinically significant ALT elevations (>= 3 times the upper limit of the normal range) were observed in 2% of patients exposed to mirtazapine.
f.  Drug Interactions:
i. See chart at end of handout
g. Adverse Reactions: 
i. See precautions

ii. The most common events adverse events included somnolence (10.4%) and nausea (1.5%).
iii. Somnolence is seen more at lower doses while insomnia may occur at higher doses

iv. Less GI and sexual adverse effects than SSRIs

h. Patient Information:
i. Warn patients who are to receive mirtazapine about the risk of developing agranulocytosis. 
ii. Instruct patients to contact their physician if they experience any indication of infection such as fever, chills, sore throat, mucous membrane ulceration, or other possible signs of infection. Pay particular attention to any flu-like complaints or other symptoms that might suggest infection.
iii. Caution patients about engaging in hazardous activities until they are reasonably certain that mirtazapine do not adversely affect their ability to engage in such activities; because of their prominent sedative effects, mirtazapine s may impair judgment, thinking, and particularly, motor skills.
iv. Advise patients to inform their physician if they are taking or intend to take any prescription, OTC, or alternative medicinal drugs because there is a potential for mirtazapine to interact with other drugs.
v. Advise patients to avoid alcohol while taking mirtazapine because of the additive impairment of cognitive and motor skills.
D. Bupropion (Wellbutrin)
a. Clinical Pharmacology

i. Mechanism of action is unknown but  it is thought to have a combination of weak inhibitor of norepinephrine and dopamine uptake

b. Indications:  Treatment of depression. Smoking Cessation:  bupropion SR (Zyban) is approved for use in smoking cessation.
c. Contraindications: Hypersensitivity to the drug

d. seizure disorder

e. current or prior diagnosis of bulimia or anorexia nervosa (because of a higher incidence of seizures noted in such patients treated with bupropion)

f. concurrent administration of a monoamine oxidase inhibitor (MAOI; at least 14 days should elapse between discontinuation of an MAOI and initiation of treatment with bupropion); contraindicated in patients being treated with other bupropion products (eg, for smoking cessation) because of the incidence of dose-dependent seizures.
g. Warnings: 
i. There are three different bupropion dosage forms available therefore possibility for errors
1. Immediate release: given TID

2. Sustained Release: given BID
3. Extended Release: given once daily

ii. Seizures: Bupropion is associated with seizures in 0.4% of patients treated at doses between 300 and 450 mg/day. This incidence of seizures may exceed that of other marketed antidepressants by as much as 4-fold. The risk of seizure appears strongly associated with dose and the presence of predisposing factors. 
iii. A significant predisposing factor (eg, history of head trauma or seizure, CNS tumor, concomitant medications that lower seizure threshold) was present in 50% of patients experiencing a seizure. 
iv. Sudden and large increments in dose may also increase risk. While many seizures occurred early in the treatment course, some seizures occurred after several weeks at fixed dose. 
v. Recommendations for reducing seizure risk

1. The total daily dose does not exceed 450 mg (400 mg SR), 

2. Start at lowest dose (100 mg immediate release; 150mg SR and XL) and increase if tolerated on day 4
vi. Use extreme caution when: 

1.  Administered to patients with a history of seizure, cranial trauma, or other predisposition toward seizure,

2. circumstances associated with an increased seizure risk include excessive use of alcohol; abrupt withdrawal from alcohol or other sedatives; addiction to opiates, cocaine, or stimulants; use of otc stimulants and anorectics; and diabetes treated with oral hypoglycemics or insulin, or (3) prescribed with other agents (eg, antipsychotics, other antidepressants, theophylline, systemic steroids) or treatment regimens (eg, abrupt discontinuation of a benzodiazepine) that lower seizure threshold.
3. Hepatotoxicity: 
4. Renal/Hepatic function impairment: Because bupropion and its metabolites are almost completely excreted through the kidney and metabolites are likely to undergo conjugation in the liver, initiate treatment of patients with renal or hepatic impairment at reduced dosage; bupropion and its metabolites may accumulate. Closely monitor for possible toxic effects of elevated blood and tissue levels of drug and  metabolites.
vii. Pregnancy: Category B. There are no adequate and well-controlled studies in pregnant women. Use during pregnancy only if clearly needed.
viii. Lactation: Bupropion and its metabolites are secreted in breast milk. Because of the potential for serious adverse reactions in nursing infants, decide whether to discontinue nursing or to discontinue the drug, taking into account the importance of the drug to the mother.
h. Precautions: 
i. CNS symptoms: A substantial proportion of patients experience some degree of increased restlessness, agitation, anxiety, and insomnia, especially shortly after initiation of treatment. Symptoms were sometimes of sufficient magnitude to require treatment with sedative/hypnotic drugs. 
ii.  Neuropsychiatric phenomena: Patients treated with the immediate-release formulation of bupropion have shown a variety of neuropsychiatric signs and symptoms including delusions, hallucinations, psychotic episodes, confusion, and paranoia. In several cases, neuropsychiatric phenomena abated upon dose reduction or withdrawal of treatment.
iii. Activation of psychosis or mania: Antidepressants can precipitate manic episodes in bipolar manic depressive patients during the depressed phase of their illness and may activate latent psychosis in other susceptible patients.
iv. Altered appetite and weight: A weight loss of > 5 lbs occurred in 28% of patients treated with immediate-release formulation of bupropion. This incidence is approximately double that seen in comparable patients treated with TCAs or placebo. Furthermore, 34.5% of patients receiving TCAs gained weight, vs only 9.4% of bupropion patients
v. Suicide: The possibility of a suicide attempt is inherent in depression and may persist until significant remission occurs. Accordingly, physicians should write prescriptions for the smallest number of tablets consistent with good patient management.
.
vi. Hazardous tasks: Advise patients that bupropion may impair ability to perform tasks requiring judgment or motor and cognitive skills. Instruct patients to refrain from driving an automobile or operating complex, hazardous machinery until they are reasonably certain the drug does not adversely affect their performance.
i. Drug Interactions

i. MAOI: increased toxicity

ii. Drugs that decrease seizure threshold (antipsychotics, theophylline, alcohol)

j. Adverse effects:  see precautions/warnings above

k. Patient Information:
i. Advise patients that the bupropion antidepressant (Wellbutrin) contains the same active ingredient as the smoking cessation aid (Zyban). Do not use these in combination or with any other medications that contain bupropion.
ii. Take bupropion in equally divided doses 3 or 4 times a day to minimize the risk of seizure. Take bupropion SR formulation in doses > 150 mg/day in 2 divided doses with >= 8 hours between successive doses to minimize seizure risk.
iii. Advise patients not to chew, divide, or crush SR tablets or XL tablets.
iv. Advise patients that bupropion may impair ability to perform tasks requiring judgment or motor and cognitive skills. Instruct patients to refrain from driving an automobile or operating complex, hazardous machinery until they are reasonably certain the drug does not adversely affect their performance.
v. Use and cessation of use of alcohol may alter the seizure threshold; therefore, minimize the consumption of alcohol and, if possible, avoid completely.
vi. Advise patients to notify their physicians if they become pregnant or intend to become pregnant during therapy, or are breastfeeding.
E. MAOIs
a. Isocarboxazid, phenelzine, tranylcypromine, selegiline

b. Clinical Pharmacology:  The enzyme monoamine oxidase inactivates intracellular monoamines (NE, 5-HT, DA and Epi).  Inhibition of monoamine oxidase will inhibit inactivation of monoamines, thus increasing the amount of these neurotransmitters in storage vesicles.  Subsequently, more neurotransmitters are available to diffuse into the synaptic cleft and interact with receptors upon neuronal stimulation.

i. Pharmacologic effects observed, other than mood elevation, etc, include: sweating, diarrhea, difficulty in micturation, impotence and insomnia.  Autonomic effects may lead to tachycardia and hypotension. 
ii. very long duration of action due to the irreversible inactivation of MAO.
c. Indications:  depression that is unresponsive to less toxic agents and panic attack.  Unlabeled uses include:  phobias, hypersomnia and bulimia.
d. Contraindications:  concomitant administration of MAOIs with the following classes of medications:  TCAs, SSRIs, opiod analgesics, direct-acting sympathomimetics, indirect acting adrenergic agents, levodopa, other CNS depressants and ethanol.  
e.  It is also contraindicated to eat foods containing high levels of tyramine including beer, cheese, red wine, liver, nuts and yeast and to eat foods that contain vasopressors such as chocolate and caffeine.
f. Warnings:  Hypertensive crisis, serotonin syndrome
g. Adverse effects: diarrhea, excessive sweating, impotence, insomnia, tachycardia, hypotension, hypertension (with drug-drug or drug-food interactions) and difficulty in urinating.
h. Have most fallen out of favor due to poor safety profile

i. At least 2 week washout period between antidepressants and MAOI; 4-5 weeks with fluoxetine

j. Recently new transdermal patch available for selegiline

i. Selegiline is techanically a MAO subtype B inhibitor at doses less than <10mg/day and has less potential to causing serotonin syndrome when combined with tyramine-containing foods or other serotonergic drugs. However, at doses >10mg/day it inhibits both MAO subtype A and B

ii. Once daily patch provides 6,9, or 12 mg every 24 hours

1. Start at 6mg and titrate every 2 weeks on clinical response

iii. Patch may be applied to the upper torso, upper thigh, or outer surface of arm

iv. Apply at same time very time

v. Still must following diet restrictions and all contraindications (see above)

Antidepressants potential for causing  Cytochrome P450 Inhibition drug interactions. Table indicates degree of inhibition.

	
	1A2
	2C9
	2C19
	2D6
	3A4

	Citalopram
	Mild
	+/-
	+/-
	+/-
	+/-

	Duloxetine
	+/-
	+/-
	+/-
	++
	+/-

	Escitalopram
	+/-
	+/-
	+/-
	+/-
	+/-

	Fluoxetine
	Mild
	Strong
	Moderate
	Strong
	Moderate

	Fluvoxamine
	Strong
	Moderate
	Strong
	Mild
	Moderate

	Mirtazapine 
	+/-
	+/-
	+/-
	+/-
	+/-

	Nefazodone
	+/-
	+/-
	+/-
	+/-
	+++

	Paroxetine
	Mild
	Mild
	Mild
	Strong
	Mild

	Sertraline
	Mild 
	Mild
	Moderate
	+/++
	Mild

	Venlafaxine
	+/-
	+/-
	+/-
	+/-
	+/-


Serotonin Syndrome
A. Life-threatening condition. Typical presentation includes

a. High blood pressure, tachycardia, hyperthermia, agitation, hallucinations, hyperreflexia, nausea, vomiting, and diarrhea

B. Excess serotonergic activity is the underlying cause and is precipitated usually with patient exposure to multiple medications with serotonergic activity 

C. Treatment

a. Most cases are mild

b. Discontinue serotonergic agents

c. Provide symptomatic supportive care

d. Severe cases may require benzodiazepines and cyproheptadine

D. List of drugs that have cause serotonin syndrome when combined with a serotonergic antidepressant

a. CNS Medications

i. Lithium

ii. Buspirone (but is used in combo with SSRIs occasionally)

iii. Triptans (commonly used with SSRIs w/o problem)

iv. Ondansetron

v. Amphetamines

vi. Tramadol

vii. Meperidine

viii. Cyckobenzaprine

b. Anti-infectives

i. Linezolid (MAO inhibitor properties)

ii. Ritonavir (significant CYP450 enzyme inhibition)

c. OTC/Herbal

i. Dextromethorphan

ii. St. John’s Wort
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