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Preface

This booklet is intended to provide an accessible and practical
reference for psychiatric residents and for any other healthcare
practitioner seeking for a tool that is simple, concise, and imme-
diately useful for everyday clinical practice. The information is
ready to use, easy to remember, and focused primarily on clini-
cally relevant issues, such as preliminary laboratory evaluations,
drug dosages, schedules, indications, contraindications, side
effects, and strategies to manage them.

The use of classic mood stabilizers (e.g., lithium, valproate,
and carbamazepine) is discussed and examined in its practicalities
through the presentation of a clinical case for each of the three
medications, with the goal of reflecting clinical practice in the
“real world” management with mood stabilizers of patients with
bipolar disorder.

Siena, Italy Andrea Fagiolini
Siena, Italy Alessandro Cuomo
Toronto, ON, Canada Roger S. MclIntyre
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1.1 Clinical Case: Marco, a Patient
with Bipolar Depression

Marco is a 26-year-old Caucasian male, graduate student, pres-
ents to the outpatient unit complaining profound sadness, tired-
ness, inability to enjoy the things he used to enjoy, difficulty
concentrating, ideas that life is not worth living, mild agitation,
distractibility, and indecisiveness. He has lost all interest in sex
and going out socializing. He watches TV until very late finding it
difficult to fall asleep thereafter. In the morning, he feels tired,
exhausted and tends to lie in bed till the afternoon.

1.2  Family History

Father: No personal or family history of major psychiatric dis-
eases, except for a likely depression and social anxiety disorder
experienced by his grandmother.

Mother: Suffers from bipolar disorder type 2, presently and
successfully treated with lithium.

Sister 1: Suffers from panic disorder and major depressive dis-
order but is currently well, on paroxetine 20 mg/day.

Sister 2: No history of any psychiatric disorders.

© The Author(s), under exclusive license to Springer Nature 1
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1.3  Clinical History

Marco reports one previous episode of depression, about 6 years
earlier, with symptoms that were similar to those that he is pres-
ently experiencing. He states that the episode was not treated, as
it resolved spontaneously, when he was “forced” to go on a family
vacation to the Caribbean.

He states that his symptoms cleared very quickly. He went to
sleep depressed and woke up full of energy, enthusiastic, extro-
verted, sociable, full of confidence, enthusiasm, and energy. He
also reported trouble controlling his temper and to have spent a
few days shouting at people and starting arguments or fights even
over minor matters. He was arrested because of driving recklessly
and speeding and then brought to the hospital, treated with medi-
cations he does not remember of, and then discharged. He took no
medication since, until this current episode, which started about 3
weeks ago.

1.4  Physical and Mental State Examination

Weight: 80 kg

Height: 182 cm

Physical examination is unremarkable apart from tachycardia
of 95/min. He is casually dressed, establishes a good rapport and
is cooperative. He appears somewhat fidgety and restless but not
severely agitated. Periodically, he gets tearful, and his voice
becomes tremulous. He does not have any formal thought disor-
der psychotic symptoms. He has good insight into her symptoms.
He reports fleeting thoughts that life is not worth living and admits
to having thought about suicide a couple of times in the past years
but denies any current suicide plan or intent and contracts for
safety. He acknowledges that he should have sought help earlier
but expresses his willingness to start treatment now.
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1.5  We Decide to Consider Starting Treatment
with Lithium

1.5.1 What are the Indications of Lithium?
In most countries, lithium is indicated for:

e Treatment of manic episodes of bipolar disorder
* Maintenance treatment of bipolar disorder

1.5.2 What are the Contraindications of Lithium?

e Hypersensitivity to inactive ingredients used in the lithium car-
bonate formulations (tablet, capsule) or lithium citrate formu-
lations

e Severe renal disease, cardiovascular conditions, dehydration,
or sodium insufficiency

1.5.3 What are the Warnings of Lithium?

Lithium toxicity is closely related to serum lithium levels and can
occur at doses that are close to therapeutic levels. Facilities for
prompt and accurate serum lithium determinations should be
available before initiating therapy.

1.6 Clinical Considerations

Marco is presently experiencing a depressive episode. However,
he has a history of at least one manic episode and hence fulfils a
diagnosis of bipolar I disorder.

We decided to consider lithium as he has no apparent contrain-
dications, because of lithium’s mood stabilizing efficacy and
because of lithium’s ability to decrease suicide risk. We decided
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to not immediately start an antidepressant. In our experience, a
subpopulation of patients with bipolar disorder may need an anti-
depressant. However, the antidepressant should not be started
until the patient is adequately treated with a mood stabilizer and/
or an atypical antipsychotic and until the possibility that depres-
sion responds to monotherapy with a mood stabilizer alone and/or
an atypical antipsychotic (i.e., responds to an anti-manic agent,
without an antidepressant) has been ruled out.

1.7 What is the Mechanism of Action
of Lithium?

The exact mechanism of action of lithium is unknown. However,
lithium is believed to have the capacity to reduce dopamine recep-
tor hypersensitivity and to stimulate serotonin and norepinephrine
activity. Lithium is also known to decrease glycogen synthase
kinase 3 (GSK-3) concentrations which indirectly modulates neu-
rotransmission across many different neurochemicals. By reduc-
ing inositol monophosphatase, lithium is involved in intracellular
second-messenger pathways.
Other possible mechanisms of lithium include:

e Normalization of low cerebrospinal fluid

e Normalization of low y-aminobutyric acid (GABA)

* Neurotrophic effects by enhanced neurogenesis

e Antioxidant properties and prevention of neural apoptosis

e Neuroprotective effects by stimulating production of brain-
derived neurotrophic factor (BDNF) in patients with chronic
lithium treatment

1.8  Which Laboratory Tests would you Order
for Marco?

Before initiation of treatment with lithium, it is recommended to
obtain patient’s thorough medical history and perform baseline
evaluations and laboratory test, such as:
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=Cell Blood Count and Differential (leucocytosis likely 4-6
weeks after lithium begins)

=Electrolytes and calcium

=BUN, creatinine (creatinine clearance if at higher risk of renal
impairment)

Urinalysis

Fasting glucose

FT3, FT4, TSH

=Antithyroid antibodies (especially in women or patient at
higher risk of autoimmune diseases)

=Pregnancy test (for women sexually active, in reproductive
age)

=EKG, if 40-year-old or older or in the presence of risks for
arrythmias

=Body mass Index

JULEHY

Marco’s laboratory tests are all within normal limits.

1.8.1 Which Dose Would You Prescribe?

We decided to start Marco on 300 mg twice a day (b.i.d). For
healthy patients with more severe symptoms, we sometime begin
lithium at three times a day (t.i.d.).

1.9 How Would You Monitor Marco’s
Tolerability?

Patients must be closely monitored for side effects. A 12-h lithium
plasma level must be obtained 2-5 days (depending on the start-
ing dose and on the patient’s kidney function) after starting lith-
ium. Thereafter, the dose can be increased every 2—4 days.
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Lithium blood level should be checked 3-5 days after each
dosage increment. Steady-state levels arise in 4-5 days, but some-
times take up to 7 days. Once a stable dose is achieved, lithium
plasma level can be obtained weekly-biweekly (first month of
treatment), every 2—3 weeks (second month of treatment) or every
1-2 months (beginning the fourth month of treatment).

The targeted lithium blood level should be 0.5-1.2 mEq/L
depending on age, tolerability, response, and clinical status.
Lithium tolerability is greater during the acute manic phase and
decreases when manic symptoms subside.

Patients on dosages <1500 mg/day may receive lithium on a
single bedtime dose. This may produce less polyuria and fewer
kidney abnormalities as well as reduce tremor during the day.
In fact, a single (qd), bedtime dosing often results in less kidney
structural abnormalities (i.e., sclerotic glomeruli, atrophic
tubuli, or interstitial fibrosis) and less polyuria. This may be
due to the fact that a number of regenerative processes only
occur in periods with low lithium concentrations. However, this
may worsen nausea, vomiting, or tremor. Sustained release lith-
ium may lower side effects related to peak concentrations (e.g.,
nausea, tremor) but may cause more diarrhea than standard
lithium. Lithium citrate may have fewer GI and allergic side
effects.

Marco did not show any severe side effect.

1.10 When Would You Repeat the Laboratory
Tests?

Plasma level is usually measured 2—5 days after introducing lith-
ium, then once a week in first 2-3 weeks, and later once in 1-2
months.

Plasma levels should be assessed in case of dosage increase,
co-medication, or presence of adverse effects (i.e., vomit or diar-
rhea) or toxicity.

The blood sample for plasma level monitoring should be taken
12 h (security interval 10—14 h) after the previous drug dose. In
patients receiving once-daily administration, the serum concen-
tration at 24 h should serve as the control value.
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As steady-state concentrations are reached in approximately 4
days after lithium initiation, mood stabilizing effects may be
expected within 5-7 days, and may take longer before they reach
their maximum effect.

When rapid treatment of acute mania is required, antipsychotic
agent may be preferred as an alternative to lithium or combined
with lithium.

¢ Electrolytes and calcium should be reassessed at least after 1-2
weeks, then every 3—4 weeks for the first 2 months and then
every 3—6 months depending on clinical status. Laboratory tests
should be repeated more frequently if patients experience symp-
toms such as dizziness, clumsiness, ataxia, apathy, dysphoria,
blurred vision, diarrhoea, loss of appetite, nausea, vomiting,
constipation, abdominal pain, excessive need to drink fluids,
increased urination, tiredness, weakness, muscle pain, confu-
sion, disorientation, difficulty thinking, headaches, etc. Check
lithium levels immediately if any severe physical symptom
occur or whenever the patient has severe nausea or vomiting.

e Renal function should be reassessed after 1 month and then
every 2-3 months in first 6 months of lithium treatment; after
that, tests should be repeated every 3—6 months.

e Thyroid function should be assessed once or twice in first 6
months of lithium treatment; after that, tests should be repeated
in 6-12 months.

Marco’s laboratory tests continued to be within normal limits
and he achieved a blood concentration of 0.78 mmol/L with a
dose of 1200 mg/day. His symptoms started to improve after
about 1 week and continued improving thereafter.

1.11 How Would You Manage Marco’s Lithium
During Maintenance Treatment?

Usually, doses range between 600 mg and 1800 mg (0.6-1.0
mmol/L). Most often, the maintenance dose is around 900-1200
mg/day. Lithium dosage must be individualized according to
serum levels and clinical response. After stabilization, some
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patients prefer taking lithium in a single daily dose, usually at
night. Marco should receive education about the possibility of a
change in lithium level after dietary changes, particularly those
involving caffeine and salt, with a consequent increase in the risk
of developing lithium toxicity. A decrease in sodium or caffeine
intake may result in higher serum lithium levels.

When possible decreasing lithium dosage as close as clinically
possible to 0.6 mmol/l during prophylaxis often reduces morbid-
ity and side effects. In the case of Marco, we decided to wait at
least 4-5 months before attempting to reduce the dose.

1.12 What if Marco Was an Older Patient?

For elderly patients, lithium treatment should start with 150-300
mg/day, and continue with 300-1200 mg/day, depending on toler-
ability and blood levels.

1.13 What are the Strategies to Safely Use
Lithium in Late Life Patients?
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1.14 Can Lithium Be Used in Children
and Adolescents?

Besides therapeutic effects, lithium also reduces risk of suicide,
and it has been used in children and adolescents with bipolar dis-
order. The evidence for treatment of pediatric bipolar disorder
with lithium is relatively small, but recent data has enabled lith-
ium to re-emerge as a valuable treatment. Using lithium in chil-
dren is challenging, given the narrow therapeutic window and the
many potential side effects. However, the efficacy of lithium for
many symptoms of bipolar disorder, including suicidality, contin-
ues to suggest an important place for this medication in the treat-
ment armamentarium of child psychiatry.

Common or worrisome adverse effects of treatment with lith-
ium in pediatric population may include gastrointestinal, endo-
crine or renal dysfunction, as well as many of the other side effects
that have been described for adult patients.

1.15 Can Lithium Be Used in Pregnant
Patients?

Lithium use is associated with increased risk of cardiovascular
abnormalities, particularly in the offspring of women who were
taking the medication during the first trimester of pregnancy.
Recent data suggest that this risk is lower than previously consid-
ered but still worth of being considered when the risk/benefit ratio
of lithium treatment has to be evaluated in a woman who is about
to start a pregnancy.

Lithium administration during pregnancy may increase risk of
neonatal complications.

Breastfeeding while undergoing lithium treatment is not rec-
ommended because of risk of toxicity of an infant.
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1.16 What Would the Dose Be if Marco Had
a Renal Disease?

Usually, alternative medications are recommended for patients
with kidney disease. However, there may be patients whose risk/
benefit ratio for lithium remains favorable even in the presence of
renal disease, e.g., patients at very high risk of suicide. For patients
with renal disease, it is usually necessary to prescribe:

e 50-70% of standard dose if creatinine clearance is 10-50 mL/
min.

e 25-50% of standard dose if creatinine clearance is below 10
mL/min.

A frequent evaluation of lithium blood levels is necessary.

1.17 Whatis the Pharmacokinetic Profile
of Lithium?
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Marco is physically healthy and is not taking other medications.
What if he was taking other medications?

Lithium levels are | ¢ Angiotensin-converting enzyme inhibitors such

increased by as enalapril and captopril, and angiotensin II
medications such receptor antagonists, such as losartan
as ¢ Diuretics (e.g., thiazide), except potassium and

sodium sparing diuretics

NSAIDS (30—61% increase),

Other substances and medications such as
alcohol, albuterol, ampicillin, discontinuation of
caffeine, ketamine, marijuana, mazindol,
methyldopa, metronidazole, phenytoin,
spectinomycin, and succinylcholine.

Lithium levels are | ¢ Acetazolamide

decreased by * Bronchodilators
medications such | ¢ Caffeine
as ¢ Corticosteroids

Carbonic anhydrase inhibitors
Xanthine diuretics

Sodium bicarbonate
Theophylline

* DHEA

Patients at steady state on thiazide diuretic or salt restricted
diet can have lithium added safely if the doses of both medica-
tions are not changed without appropriate monitoring of blood
levels. Potassium and sodium sparing diuretics have minimal or
no effect on lithium levels.

The concurrent use of calcium channel blocking agents with
lithium may increase the risk of neurotoxicity, with symptoms
like ataxia, diarrhea, nausea, tinnitus, tremors, and/or vomiting.

Despite being frequently combined with anticonvulsant agents,
the risk of adverse effects may be increased. Combination of lith-
ium and valproate has greater possibility of various side effects
including weight gain, tremor, or sedation. Lithium combined
with carbamazepine has greater risk of neurotoxicity. Lithium in
combination with second-generation antipsychotics may contrib-
ute to neurological alteration.
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However, in our experience, the balance between risks and
benefits of the above combinations with valproate, carbamaze-
pine, or antipsychotics is often favorable for patients who do not
respond to monotherapy.

The above is just a general summary. If a medication is not
reported above, this does not mean that there is no interaction. In

those cases, please consult the PDR/appropriate literature care-
fully.

1.18 What are the Adverse Effects that
You Would Monitor in a Patient Like
Marco?

Adverse reactions are usually related to high serum lithium con-
centrations or to individual patient sensitivity to lithium.

Common initial side effects may include hand tremor (present
at rest, but usually get worse on intentional movement), dyspep-
sia, diarrhea, polyuria, polydipsia, urinary frequency, nausea, and
dizziness. Common later side effects include thirst, polyuria,
weight gain, edema, acne, leukocytosis, cloudy thinking, and hair
loss (more frequent in women).

Many adverse effects require lithium discontinuation but many
other can be managed by reducing the dose, escalating the dose
more slowly, changing the time of administration, or changing the
lithium preparation (e.g., switching from normal release to slow
release or vice versa).

For instance:

e Mild tremor may be diminished by:
— Switching to time-sustained preparation
— Changing time of administration to single g.h.s. dose
— Changing time of administration to a more frequent, smaller
dose
— Decreasing daily dose/lithium level
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— Propranolol — DO NOT PRESCRIBE if: bronchospasm,
asthma, congestive heart failure, or other contraindications
to beta blockers. Dose of propranolol depends on age of the
patient.

* Nausea may be diminished by:

— Diminishing lithium dose/level

— Spreading out lithium dose

— Ingestion of lithium with food or milk

— Switching to sustained release preparation (Note: this may
increase the risk of diarrhea)

e Diarrhea can be diminished by:

— Switching from slow release to normal release lithium

— Switching from b.i.d. to single g.h.s. dose

— Making diet adjustments (e.g., avoiding caffeine or food
that may increase the risk of diarrhea)

e Polyuria/polydipsia/nephrogenic diabetes insipidus (urine
> 3 liters/day) is usually due to reduced response to vasopres-
sin antidiuretic hormone (ADH), with difficulty concentrating
urine and maintaining serum lithium level, and often results in
increased sodium and decreased potassium levels. It can be
diminished by:

— Switching to lithium once a day, single q.h.s. dose. Usually,
g.h.s. doses are better tolerated but this may cause nocturnal
enuresis.

— Lowering dose/level.

— Adding potassium 20-40 mEq/L, if there are not medical
contraindications.

— Prescribing K-Na sparing diuretics like amiloride 5-10 mg/
day or spironolactone, if no medical contraindication.

— Avoiding hydrochlorothiazides: May increase plasma
sodium, further decrease serum potassium and increase
plasma lithium levels by 30-50%. If thiazides are neces-
sary, may combine thiazide with amiloride to prevent hypo-
kalemia.
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— Prescribing ibuprofen or indometacin, if no medical contra-
indications. Given that NSAIDs increase plasma lithium
30-60% in 3—-10 days, a very close monitoring of lithium
level and appropriate adjustments in lithium dose are
required if these medications are prescribed.

Tubulo-interstitial nephritis/kidney insufficiency often

requires considering lithium discontinuation:

— If creatinine level is greater than 1.6 mg/100 ml, consult a
nephrologist and consider discontinuing lithium while
problem is potentially reversible. Discontinuation has to be
weighted against increased risk of suicide, especially in the
first year after lithium discontinuation.

Hypothyroidism

— It is often possible to continue lithium. May consider add-
ing thyroxine.

Hyperparathyroidism

— Symptoms of hyperparathyroidism include ataxia, apathy,
dysphoria, loss of appetite, nausea, vomiting, constipation,
abdominal, pain, need to drink more fluids, increased urina-
tion, tiredness, weakness, muscle pain, confusion,
disorientation, difficulty thinking, headaches, depression
and mood changes, apathy, convulsions.

— Check PTH and calcium levels (hypercalcemia).

Acne:

— May try antibiotics and/or retinoic acid. May be necessary
to reduce or stop lithium.

Psoriasis:

— Lithium may worsen pre-existing or subclinical psoriasis.

— Consider lowering lithium dose, refer to a dermatologist.

— Discontinue lithium if psoriasis is severe or systemic.

Weight gain

— Relatively common.

— Edema may also contribute.
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— May be related to hypothyroidism, insulin-like effects on
carbohydrate metabolism, increased intake of high calorie
beverages.

— Early referral to nutritionist is advised.

¢ Cardiovascular side effects may result in EKG changes,
which frequently include:

— T-wave flattening, T-wave inversion, widening of QRS
complex. Usually, these EKG changes are benign, revers-
able, and should not be confused with more serious issues
such as hypokalemia (check potassium level).

— At toxic level, lithium may produce S-T segment depres-
sion and Q-T interval prolongation.

— Arrhythmias more often occur in patients with pre-existing
cardiac diseases (check EKG prior to starting lithium if a
heart disease is suspected).

— Sino-atrial node dysfunction is common and may cause diz-
ziness, fainting, and palpitations.

— Ventricular arrhythmias are rare but sudden deaths have
been reported, most often in patients with pre-existing heart
disease.

— Consult a cardiologist before placing on lithium a patient
with pre-existing cardiovascular problems.

1.19 What if Marco Develops Fever or Vomit?

In case of fever or vomiting: temporarily stop lithium, immedi-
ately check blood levels.



16 1 Lithium

1.20 What if Marco Develops Toxicity? What
Are the First Signs?

The toxic concentrations for lithium (>1.5 mEq/L) are close to
the therapeutic range (0.6—1.2 mEq/L). Lithium may take up to
24 h to distribute into the tissues, so occurrence of acute toxicity
symptoms may be delayed. Severe reactions are most often seen
at levels of 2.0 mEq/L and above.
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1.21 Which Factors May Increase the Risks
of Lithium Toxicity?

1.22 Which Other Recommendations Should
Be Provided to Patients Taking Lithium?

Patients should be frequently reminded that lithium retention
might occur in case of dehydration or excessive sodium loss.

Patient recommendation

Consume stable amounts of fluids and salt | Avoid excessive exercise

Avoid working heavily in hot weather Avoid starting diets before
discussing them with your
doctor

Discontinue lithium and contact a Contact a pharmacotherapist

pharmacotherapist in case of symptoms of | in case you start new
possible toxicity (e.g., vomiting or fever or | medications
other signs of toxicity)
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Patient recommendation

Tell any doctor that you consult with, Lithium level should always
about taking lithium be assessed in case of
diarrhea

Use of diuretics should be careful to avoid | When is combined with
toxicity antipsychotics, lithium
should be titrated carefully to
avoid neurotoxicity

In summary, what are the most common or worrisome
adverse effects that may be seen in patients treated with lithium?

Central Nervous System (CNS) and neuromuscular
adverse effects may include:

|

*acute dystonia

*hyperactive deep tendon reflex
«hand tremor

«hypertonicity

«incontinence of urine or feces
«lack of coordination
«lightheadedness

emuscle hyperirritability
*myasthenia gravis

*poor memory

«psychomotor retardation
erestlessness

«slowed intellectual functioning
slurred speech

*somnolence, startled response
*stupor

etics

etinnitus

«tongue movements

stremor

evertigo

*worsening of organic brain syndromes

eclonus

«confusion

*coma

*seizure

*and may lead to death.

«diffuse slowing
swidening of the frequency spectrum
*potentiation and disorganization of background rhythm
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Cases of pseudotumor cerebri (increased intracranial pressure
and papilledema) have been reported with lithium use.
Pseudotumor cerebri may result in constriction of visual fields,
enlargement of the blind spot, and eventual blindness due to optic
atrophy. Lithium should be discontinued, if clinically possible, if
this syndrome occurs.

An encephalopathic syndrome (characterized by lethargy,
fever, tremulousness and confusion, extrapyramidal symptoms,
weakness, leukocytosis, elevated serum enzymes, BUN and FBS)
has occurred in a limited number of patients treated with lithium
plus an antipsychotic. In some of these cases, the syndrome was
followed by irreversible brain damage. Patients receiving such
combined therapy should be monitored closely for neurologic
toxicity and treatment discontinued promptly if such signs appear.

Cardiovascular adverse effects may include:

Sinus node dy ion with severe y ia and other EKG changes such as:

« reversible flattening
* isoelectricity
« inversion of T-waves

A possible association between treatment with lithium and the
unmasking of Brugada syndrome has been reported. Lithium
should generally be avoided in patients suspected of having
Brugada syndrome. Consultation with a cardiologist is recom-
mended before starting lithium if a patient has risk factors for
Brugada syndrome, e.g., unexplained syncope or palpitations, or
a family history of Brugada syndrome, or a family history of sud-
den unexplained death before the age of 45 years.

Gastrointestinal adverse effects may include: anorexia, nausea,
vomiting, diarrhea, gastritis, salivary gland swelling, abdominal
pain, excessive salivation, flatulence, vomiting.
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Genitourinary adverse effects may include: glycosuria,
decreased creatinine clearance, albuminuria, oliguria, and renal
failure.

Chronic lithium treatment may be associated with diminution
of kidney concentrating ability, occasionally presenting as neph-
rogenic diabetes insipidus, with polyuria (urine concentrating
defect), polydipsia, and thirst. In these cases, patients should be
carefully treated to avoid dehydration, lithium retention, and
toxicity. This condition is often reversible when lithium is discon-
tinued.

Nephrotic syndrome with minimal change disease and focal
segmental glomerulosclerosis, has also been reported. Discontin-
uation of lithium usually results in remission of nephrotic syn-
drome.

Morphologic changes with glomerular and interstitial fibrosis
and nephron atrophy may be observed after long-term chronic
lithium therapy. However, morphologic changes have also been
seen in patients with bipolar disease that have never exposed to
lithium. Kidney function should be assessed before and during
lithium therapy.

Dermatologic adverse effects: Drying and thinning of hair, alo-
pecia, anesthesia of skin, acne, chronic folliculitis, xerosis cutis,
psoriasis or its exacerbation, generalized pruritus with or without
rash, cutaneous ulcers, angioedema.

Autonomic: Blurred vision, dry mouth, impotence/sexual dys-
function.

Thyroid Abnormalities: Euthyroid goiter and/or hypothyroid-
ism (including myxedema) accompanied by lower T; and T,. I'!
uptake may be elevated. Paradoxically, rare cases of hyperthy-
roidism have been reported. Hyperparathyroidism and hypothy-
roidism may persist after lithium discontinuation.

Miscellaneous adverse effects: transient scotomata, exophthal-
mos, dehydration, weight loss, leukocytosis, headache, transient
hyperglycemia, hypercalcemia, hyperparathyroidism, excessive
weight gain, edematous swelling of ankles or wrists, metallic
taste, dysgeusia/taste distortion, salty taste, thirst, swollen lips,
tightness in chest, swollen and/or painful joints, fever, polyar-
thralgia, dental caries.
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The development of painful discoloration of fingers and toes
and coldness of the extremities within one day of the starting of
treatment with lithium has been reported. The mechanism through
which these symptoms (resembling Raynaud’s syndrome) devel-
oped is not known.

Diarrhea, drowsiness, muscular weakness, vomiting, and lack
of coordination may be early signs of lithium intoxication, and
can occur at lithium levels below 2.0 mEq/L.

At higher blood levels, ataxia, giddiness, tinnitus, blurred
vision, and a large output of dilute urine may be seen. Serum lith-
ium levels above 3.0 mEq/L may produce a complex clinical pic-
ture, involving multiple organs and organ systems.

1.23 What Happens if Marco Abruptly
Discontinues Lithium?

Abrupt discontinuation of lithium, even in symptom-free patients
may lead to mania or depression relapse.

Rapid discontinuation may also cause other symptoms such as
anxiety and emotional instability and may increase suicide risk.
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2.1 Clinical Case: Paola, a Patient with Bipolar
Mania

Paola, a 63-year-old white female, presents to the emergency
room, escorted by the police who found her wandering the streets
at night. She wears a dirty skirt, an unbuttoned golf shirt, and
appears older than her stated age. During the interview, she is rest-
less and moderately agitated, and she makes puns and plays on
words. Her sister, who came to the emergency room once she was
called, reports that Paola has had a couple of weeks in which she
has been “high,” easily distracted, noisy, assertive, full of thoughts
and ideas. She has not slept for days, stating that sleep is just a
waste of time.

2.2  Family History

Paola’s mother is 86-year-old, alive, and relatively healthy. Her
father died at age 64 because of liver cancer. Her uncle spent long
periods in a psychiatric hospital with a diagnosis of schizophrenia
but with symptoms more consistent with a diagnosis of bipolar
disorder with psychotic symptoms. Her sister is healthy. The
patient graduated from college and works as an insurance agent.
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2.3  Clinical History

Paola has a history of bipolar disorder but recently stopped her
lithium because of excessive tremor and because her primary care
physician told her that it could be harmful to her psoriasis. Since
she stopped lithium, she has had severe problems at work includ-
ing a serious fight with her boss, which put her at high risk of
being fired. She has some insight and is willing to take a new
treatment but categorically refuses to re-start lithium.

2.4  Physical and Mental State Examination

Weight: 76 kg

Height: 168 cm

She is in menopause, appears older than stated age, and her
grooming and hygiene are poor. Physical examination is other-
wise unremarkable apart from psoriasis. She is disheveled and
unkempt on presentation. She is agitated but establishes an accept-
able rapport and is somewhat cooperative not difficult to redirect
for interviewing, despite her inappropriate laughing and smiling.
She is hyperverbal, speaks loudly, and fast, with a happy tone. Her
self-esteem is increased but not to the point of being delusional.
Attention and concentration are poor.

2.5 We Decide to Consider Starting Treatment
with Valproate

2.5.1 What are the Indications of Valproate?
In most countries, valproate is indicated for the:

e Treatment of manic episodes associated with bipolar disorder

* Monotherapy and adjunctive therapy of complex partial sei-
zures and simple and complex absence seizures

* Adjunctive therapy in patients with multiple seizure types that
include absence seizures
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2.5.2 What are the Contraindications
of Valproate?

Prophylaxis of migraine headaches
In the extended-release formulation, valproate is indicated for:

Acute treatment of manic or mixed episodes associated with
bipolar disorder, with or without psychotic features
Monotherapy and adjunctive therapy of complex partial sei-
zures and simple and complex absence seizures; adjunctive
therapy in patients with multiple seizure types that include
absence seizures

Prophylaxis of migraine headaches

2.5.3 What are the Warnings of Valproate?

Liver toxicity, including fatalities, usually during the first 6
months of treatment. Children under the age of two years and
patients with mitochondrial disorders are at higher risk.
Monitor patients closely, and check serum liver testing prior to
therapy and at frequent intervals thereafter.

Teratogenicity, fetal risk, particularly neural tube defects, other
major malformations, and decreased 1Q.

Pancreatitis, including fatal hemorrhagic cases.
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2.6 What are the Precautions that You Should
Keep in Mind When Prescribing
Valproate?

e Cases of life-threatening pancreatitis have been reported in
both children and adults receiving valproate.

e Valproate is associated with dose-related thrombocytopenia.

e Hyperammonemia has been reported in association with val-
proate therapy and may be present despite normal liver func-
tion tests. Patients with hyperammonemia may present
symptoms that include lethargy, vomiting, changes in mental
status, or hypothermia. May be more frequent when valproate
is associated with topiramate.

* Drug Reaction with Eosinophilia and Systemic Symptoms
(DRESS) has been reported in patients taking valproate.

e Antiepileptic drugs (AEDs), including valproate, may increase
the risk of suicidal thoughts or behaviors.

e Valproate may stimulate the replication of the HIV and CMV
viruses under certain experimental conditions.

e Children under the age of two years are at a considerably
increased risk of developing fatal hepatotoxicity.

e Because of the risk to the fetus of decreased 1Q, neurodevelop-
mental disorders, and major congenital malformations (includ-
ing neural tube defects), valproate should not be used in
pregnant women.

2.7 What is the Mechanism of Action
of Valproate?

The exact mechanism of action is unknown. However, it has been
suggested that valproate increases the brain concentrations of
gamma-aminobutyric acid (GABA). Also, valproate has been
associated with:
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[Activation of extracellular signal-regulated kinase (ERK)

CInhibition of y-aminobutyric acid (GABA) catabolism

[IEnhancement of brain-derived neurotrophic factor (BDNF)

"Decrease of protein kinase C

Clnhibition of inositol and thus blockage of voltage-gated sodium channels

[JAnti-tumor activity by inhibition of histone deacetylase 1 (HDAC1) and other HDACs that
6 potentially increases the expression of genes involved in apoptosis.
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2.8 Which Laboratory Tests Would You Order
for Paola?

Due to its hepatotoxic effects, valproate can increase liver
enzymes. In some patients at the beginning or during chronic
treatment with valproate, pancreatitis may occur. Therefore, to
rule out hepatitis and pancreatitis, liver function tests and blood
amylase levels have to be determined: Valproate may induce
thrombocytopenia and, when thrombocytopenia is present, the
medication should be discontinued.

At any sign of hyperammonemia (vomiting, lethargy, altered
mental status), the treatment should be reconsidered.

Recommended baseline laboratory tests usually include:

L
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29 Which Dose Would You Prescribe?

The recommended valproate initial dose for the treatment of
mania is 750 mg daily. The dose should be increased as rapidly as
possible to achieve the lowest therapeutic dose which produces
the desired clinical effect or the desired range of plasma concen-
trations. The initial dose of valproate extended release is 25 mg/
kg/day, increasing as rapidly as possible to achieve therapeutic
response or desired plasma level, up to the maximum recom-
mended dosage of 60 mg/kg/day.

2.10 Would You Consider Adjunctive
Medications?

In clinical trials, valproate has been safely associated with loraz-
epam for patients with agitation, anxiety, or insomnia. For patients
with psychotic symptoms or very severe agitation, a combination
with an antipsychotic may be considered.

2.11 How Would You Monitor Paola’s
Tolerability and When Would You Repeat
the Laboratory Tests?

Patients should be closely monitored for valproate tolerability.
The baseline laboratory tests should be repeated after 3 days and
then weekly or biweekly for one month, biweekly for another
month, and then monthly or every 2-3 months. More frequent
assessments may be necessary as per clinical judgement.

2.12 What Are the Geriatric Considerations
for Valproate?

There is no strong evidence about specific considerations of val-
proate use in geriatric population, but somnolence and tremor
may be more frequent than in adults.
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Hypoalbuminemia in elderly patients can cause higher levels

of free valproate and increased risk of parkinsonism (in those with
dementia) and thrombocytopenia.

2.13 Can Valproate Be Used in Children

and Adolescents?

Children under the age of 2 are at higher risk of experiencing
severe, life-threatening hepatic failure with valproate. The risk
increases among children suffering from severe epilepsy or
congenital metabolic disorder.

Potentially fatal pancreatitis may occur in children treated with
valproate. In case of gastrointestinal symptoms, pediatric
patient has to be evaluated and drug administration has to be
seized.

In adolescents, valproate is frequently used in treatment of
bipolar disorder, aggressive behavior as well as in migraine
prophylaxis.

In female adolescents, valproate use may lead to hyperan-
drogenism, delayed puberty, metabolic disorders, and
decreased bone mineral density.

2.14 Can Valproate Be Used in Pregnant or

Breastfeeding Women?

Valproate is associated with congenital malformations such as
neural tube defects and other structural abnormalities (e.g.,
craniofacial defects, cardiovascular malformations, hypospa-
dias, limb malformations). The rate of malformations among
children born to mothers using valproate is about four times
higher than the rate among children born to epileptic mothers
in treatment with other anti-seizure monotherapies. Folic acid
supplementation prior to conception and during the first tri-
mester of pregnancy decreases the risk for congenital neural
tube defects in the general population. However, it is not
known whether the risk of neural tube defects or decreased 1Q
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in the children of women receiving valproate is reduced by
folic acid supplementation. Nonetheless, dietary folic acid
supplementation both prior to conception and during preg-
nancy should be routinely recommended for women using val-
proate.

e Because of the risk to the fetus of major malformations (includ-
ing neural tube defects), decreased IQ, and neurodevelopmen-
tal disorders, valproate should not be administered to a woman
of childbearing potential unless other medications have failed
to provide adequate symptom control or are otherwise unac-
ceptable.

e Breastfeeding while undergoing valproate treatment has not
been proved to cause adverse effects in neonatal development.
Between 1-10% of maternal plasma concentration can be
found in breast milk.

2.15 What Would the Dose Be if Paola Had
a Renal Disease?

A slight reduction (27%) in the clearance of valproate has been
described in patients with renal failure (creatinine clearance < 10
mL/minute). However, no dosage adjustment appears to be neces-
sary in these patients with renal failure. Protein binding in these
patients is substantially reduced and therefore the monitoring
total concentrations may be misleading.

2.16 Whatis the Pharmacokinetic Profile
of Valproate?

The absorption of oral formulations of valproate takes place in
gastrointestinal tract. The plasma protein binding of valproate is
concentration dependent, and the free fraction increases from
approximately 10% at 40 mcg/mL to 18.5% at 130 mcg/
mL. Higher levels of free fraction can be found in elderly patients,
those taking competitive protein-binding drugs, or those with
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hypoalbuminemia. In these cases, toxicity might develop despite
normal serum levels.

The half-life ranges between 10-16 hours. Peak plasma
concentrations are achieved 3—4 hours after orally adminis-
tered valproate. At steady-state concentrations, valproate has
linear pharmacokinetics within a dosage range of minimum
45-50 pg/mL.

2.17 What are the Most Common Interactions
with Valproate?
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2.18 What are the Adverse Effects that

You Would Monitor in a Patient like

Paola?
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2.19 IsThere a Risk of Toxicity?

Acute intoxication may occur when plasma levels exceed normal
values (50-125 mg/L).

e Excessive valproate doses (blood levels up to 150-1,500 mg/L)
can cause heart rhythm abnormalities, respiratory depression,
hematological, electrolyte or metabolic abnormalities. Signs of
neurotoxicity can also be present. Seizure, cerebral edema, or
coma can be fatal.

e Supportive therapy with L-carnitine is recommended.

* Antidotes for valproate toxicity are unavailable.

2.20 What Happens if Paola Abruptly
Discontinues Valproate?

There is no strong evidence of worsening of bipolar symptoms
after rapid discontinuation of valproate. However, the protection
for recurring episodes is likely lost.

* There is no evidence of psychological or psychological depen-
dence on anticonvulsants reported.

e Abrupt discontinuation of the drug, especially in patients with
a seizure disorder, might provoke rebound seizures.
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3.1 Clinical Case: Claudio, a Young Patient
with Bipolar Mania

Claudio is a 22-year-old male who presents to the outpatient unit
accompanied by his father, who reports that the patient is experi-
encing severe distractibility, reduced sleep, irritability, racing
thoughts, fluctuations from elevated to irritable mood, inflated
self-esteem, and severe problems at school. That very morning, he
was asked to leave a classroom after he started singing and danc-
ing during a lecture.

3.2  Family History

Parents alive and divorced. The father is healthy and no history of
mental disorder. The mother has a history of bipolar I disorder,
alcoholism, and cocaine abuse. His sister is currently in treatment
for borderline personality disorder. He has one elder brother in
good physical and mental health. Claudio studies literature at the
local university but has not taken any test in the previous 8 months
because of his mood swings.
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3.3  Clinical History

Claudio has been treated for bipolar disorder since he was 13. He
stopped lithium at age 20 because of treatment resistant polyuria.
He was switched to valproate, which he stopped on his own
because of nausea, tremor, and hair loss. He tried aripiprazole,
quetiapine, and olanzapine, which he discontinued because of
akathisia (aripiprazole), weight gain (olanzapine), sedation and
hypotension (quetiapine).

3.4  Physical and Mental State Examination

Claudio is physically healthy but overweight. He is oriented and
relatively cooperative. During the evaluation, mood quickly fluc-
tuates from euphoric to irritable and vice versa. Shows brief and
mild fluctuations towards depressive mood. Self-esteem is
increased, with quasi-delusional traits of grandiosity. He acknowl-
edges that he has not been his normal self for over a month.
During the evaluation, he talks fast, laughs inappropriately, and
spends most of the time describing his need to have sex several
times a day and with as many people as possible. He is aware of
the need to take medications but strongly refuses to consider the
possibility of reinitiating lithium or valproate or any other medi-
cation that can give him sedation or akathisia.

3.5 We Decide to Consider Starting Treatment
with Carbamazepine

3.5.1 What Are the Indications
of Carbamazepine?

In many countries, carbamazepine is primarily indicated for par-
tial seizures with complex symptomatology (psychomotor, tem-
poral lobe), generalized tonic-clonic seizures (grand mal), mixed
seizure patterns which include the above, or other partial or gen-
eralized seizures, pain associated with true trigeminal neuralgia.
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In a number of countries, carbamazepine is also indicated for
the treatment of acute manic or mixed episodes associated with
bipolar I disorder.

3.5.2 What are the Contraindications
of Carbamazepine?

Carbamazepine is contraindicated in patients with:

e Hypersensitivity to carbamazepine or other structurally related
agent containing tricyclic component (e.g., amitriptyline) or
any other formulation component

e Hepatic or cardiac rhythm disorders

¢ Bone-marrow depression

e Treatment with non-nucleoside reverse transcriptase inhibitors
(because of the interaction with the cytochrome CYP3A4)

3.5.3 What are the Warnings of Carbamazepine?

e Serious dermatologic reactions

Serious and possibly fatal dermatologic reactions including
Stevens—Johnson syndrome (SJS) and toxic epidermal necrol-
ysis (TEN) have been reported during treatment with carbam-
azepine. These adverse events are estimated to occur in 1-6 per
10,000 new users in countries with mainly Caucasian popula-
tions. However, the risk in certain Asian countries (i.e., Han
Chinese) is estimated to be about 10 times higher. A strong
association between the risk of developing SIS/TEN and the
presence of HLA-b*1502, an inherited allelic variant of the
hla-b gene, has been found in studies involving patients of
Chinese ancestry or other ancestry, across broad areas of Asia.
Patients with ancestry in genetically at-risk populations should
be screened for the presence of HLA-b*1502 prior to initiating
treatment with carbamazepine. Patients testing positive for the
allele should not be treated with tegretol unless the benefit
clearly outweighs the risk.
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e Aplastic anemia and agranulocytosis

Agranulocytosis and aplastic anemia have been reported in
association with the use of carbamazepine. The risk of devel-
oping these reactions is 5-8 times greater for patients treated
with carbamazepine than in the general population. The risk is
approximately six patients per one million population per year
for agranulocytosis and two patients per one million popula-
tion per year for aplastic anemia.

e Transient or persistent decreased platelet or white blood cell
counts are possible even if the majority of the cases of leuko-
penia have not progressed to the more serious conditions of
aplastic anemia or agranulocytosis.

3.6  What are the Precautions that You Should
Keep in Mind when Prescribing
Carbamazepine?

e Given that hematological reactions may occur, patients
should report any occurrence of bruising, petechial or purpu-
ric hemorrhage, or ulceration. In such case, if leukocytes fall
below 3000/mm?, erythrocytes below 4 x 106/mm?, and
platelets below 100,000/mm?®, therapy has to be seized
immediately.

e Carbamazepine interferes and enhances metabolism of drugs
metabolized by CYP450. Therefore, if a female patient already
using oral contraceptives is introduced with carbamazepine,
alternative contraceptive methods should be considered.

e Asian patients with positive HLA-B*1502 should avoid carba-
mazepine administration, due to the risk of Stevens—Johnson
syndrome or toxic epidermal necrolysis.

e Behavior changes, particularly suicidal thoughts, should be
reported.

e There is evidence of tolerance to carbamazepine.

e If a soluble formulation is given at the same time with another
liquid drug, insoluble precipitate may be formed.
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3.7 Clinical Considerations

Our decision to prescribe carbamazepine was primarily based on
his difficulty to tolerate other classic mood stabilizers and anti-
psychotics.

3.8 Whatis the Mechanism of Action
of Carbamazepine?

The exact mechanism of action of carbamazepine is unknown.
Based on animal studies, the possible mechanisms of action
include:

e Blockage of inactivated neuronal sodium channels, which
leads to increased potassium and conductance

* Agonism with y-aminobutyric acid (GABA) and thus enhance-
ment of intracellular chloride accumulation

e Decrease of glutamate

e Increase of extracellular levels of serotonin

3.9  Which Laboratory Tests Would You Order
for Claudio?

Before starting carbamazepine, it is recommended to check:

e Complete Blood Count (CBC)

e Serum electrolytes (watch for hyponatremia)

e Blood urea nitrogen

e Creatinine

* Hepatic enzymes

e HLA-b*1502 typing for patients at risk

e Pancreatic enzymes

e Pregnancy test

— When risk of osteopenia exists, bone density should be

determined.
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3.10 Which Dose Would You Prescribe?

* Extended-release capsule 200 mg initially twice a day, then daily increase of 200 mg to
achieve a maximum of 1,600 mg/day

« With immediate-release formulations, daily dosage starts at 200 mg twice a day and then
ranges from 800-1,600 mg, based on blood levels and tolerability, divided in 3-4 daily
doses

« 100 mg tablets twice a day or 50 mg oral suspensions 4 times a day and increase by up to
200 mg/day, to a maximum dose of 1,200 mg/day or maintenance dose of 400-800 mg/day.

« Initially 200 mg twice a day tablets or 100 mg 4 times a day oral suspension. Then weekly
increase of 200 mg per day up to maximum dose of 1,600 m/day or maintenance dose of
800-1,200 mg/day [19]

* Below 6 years—initially 10-20 mg/kg per day divided in 2-3 doses for immediate-release
tables or in 4 doses for oral suspension or every 12 hours for extended-release
formulations. Then weekly increase doses up to maximum of 35 kg/mg/day

* 6-12 years of age: 100 mg twice a day tablets, or capsules, or 100 mg 4 times s a day oral
suspension. Then weekly increase of 100 mg per day up to maximum dose of 1,000 m/day
or maintenance dose of 400-800 mg/day

* Over 12 years of age: 200 mg twice a day tablets, or capsules, or 100 mg 4 times s a day
oral suspension. Then weekly increase of 200 mg per day up to maximum dose of 1,000
m/day (12-15 years) or 1,200 mg/day (older than 15 years) or maintenance dose of 800-
1,200 mg/day.

3.11 How Would You Monitor Claudio’s
Tolerability and When Would You Repeat
the Laboratory Tests?

* Follow-up laboratory analyses and carbamazepine blood con-
centrations may be repeated after 5—-10 days, then every two
weeks for 1-2 months, than monthly, every 2-3 months or
more frequently if clinically indicated.

3.12 Whatif Claudio was an Older Patient?

e Gradual dosing should be established in the elderly and those
with liver damage.

e Although appropriate studies on the relationship of age to the
effects of carbamazepine have not been performed in the geri-
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atric population, it is known that elderly patients are more
likely to have confusion or agitation, which requires caution
and may require to discontinue or adjust the dose of carbam-
azepine.

e Elderly patients with history of cardiovascular diseases should
be monitored.

e Carbamazepine in elderly can frequently lead to hyponatremia.

3.13 Can Carbamazepine be Used in Children
and Adolescents?

e Carbamazepine has been used in children with seizures disor-
ders or behavior disorders.

e The medication has not been widely studied in children and
adolescents, especially for the long-term adverse effects.
Children are at higher risk of experiencing major toxicities.

3.14 Can Carbamazepine Be Used in Pregnant
Patients?

Carbamazepine can produce teratogenic effects if administered
during pregnancy; teratogenic effects are worsening in combined
anticonvulsant therapy. When administered during pregnancy,
developmental delay in infants may occur.

e Breastfeeding while undergoing carbamazepine treatment
should be discontinued because harmful epoxide metabolite
can be transferred to breast milk.

3.15 What Would the Dose Be if Claudio Had
a Renal Disease:

e If glomerular filtration rate is <10 mL/min: Administer 75% of
dose and monitor

o If the patient receives peritoneal dialysis and hemodialysis:
Administer 75% of dose and monitor
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3.16 How about if Claudio Had a Liver Disease?

e Use caution or consider using a different medication, as is
metabolized primarily in the liver

3.17 Whatis the Pharmacokinetic Profile
of Carbamazepine?
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3.18 What are the Pharmacokinetic
Interactions of Carbamazepine?

[J Calcium channel blockers (verapamil, diltiazem)
[J Antibiotics (erythromycin)

[J Antifungal agents (fluconazole)

U Histamine H, receptor antagonist (cimetidine)

3.19 Pharmacogenomics
HLA-B*1502

e When taking carbamazepine, 1 in 20 patients with HLA-
B*1502 will have a severe dermatologic reaction, e.g., toxic
epidermal necrolysis (TEN) or Stevens—Johnson syndrome
(SJS).

This allele occurs almost exclusively in patients with ancestry
across broad areas of Asia, including Malaysians, Han Chinese,
South Asian Indians, Thais, and Filipinos.
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HLA-A*3101

e Patients of European, Japanese, and Korean ancestry may
develop hypersensitivity reactions when using carbamazepine
and this may be linked to the presence of HLA-A*3101 gene.
These reactions include SJS and TEN.

e HLA-A*3101 is carried by more than 15% of patients of
Native American, Japanese, Southern Indian, and Arabic
ancestry; up to about 10% in patients of European, Han
Chinese, Latin American, Korean, and Indian ancestry; and up
to about 5% in African-Americans and patients of Thai,
Chinese (Hong Kong), and Taiwanese ancestry.

3.20 What are the Adverse Effects that
You Would Monitor in a Patient like
Claudio?

Carbamazepine use may cause several adverse effects, including:

e Neurotoxicity—sedation, lethargy, ataxia, diplopia, nystag-
mus, cognitive or behavioral changes.

e Hematological changes such as decreased number of white
blood cells and platelets. Although rarely, malignant aplastic
anemia can happen.

e Changes in electrolytes (hyponatremia).

e Hepatic changes—elevated values of transaminases.

e GI changes—nausea.

¢ Endocrine—weight gain.

e Dermatological—rash; rarely, toxic epidermal necrolysis and
Stevens—Johnson syndrome may occur. The risk is estimated to
be about 1-6 per 10,000 new users in countries with mainly
Caucasian populations. However, the risk in some Asian coun-
tries is estimated to be about 10 times higher. Carbamazepine
should be discontinued at the first sign of a rash, unless the rash
is clearly unrelated to this medication. If signs or symptoms
suggest SJS/TEN, use of this drug should not be resumed and
alternative therapy should be considered.
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e Menstrual cycle disturbances, including polycystic ovaries.
 Increased risk of suicidality.

Frequent (>10%) side effects include:

Ataxia (15%)
Dizziness (44%)
Drowsiness (32%)
Nausea (29%)
Vomiting (18%)

Relatively frequent (1-10%) side effects include dry mouth
(8%).

3.21 What if Claudio Develops Toxicity?

3.22 What Happens if Claudio Discontinues
Carbamazepine?

e There are isolated cases reported of depression and mood dis-
order exacerbation, respectively, after treatment discontinua-
tion.

e Abrupt discontinuation of the drug, especially in patients with
a seizure disorder, might provoke rebound seizures.
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