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ipolar disorder is one of the most distinct syndromes in

 

 

 

psy-

 

chiatry and has been described in numerous cultures over the course of histo-
ry.

 

1

 

 The unique hallmark of the illness is mania. Mania is, in many ways, the
opposite of depression. It is characterized by elevated mood or euphoria, overactivity
with a lack of need for sleep, and an increased optimism that usually becomes so ex-
treme that the patient’s judgment is impaired. For example, a person with mania may
decide to purchase 500 television sets if he or she believes that their price will go up.
Drives such as sexual desire are also enhanced; manic patients are disinhibited in their
speech about sexual matters, joking or talking about subjects not normally allowed in
their culture. Manic patients are sometimes disinhibited in their sexual actions as well,
and they may endanger their marriage or relationship as a result. A key point is that
manic behavior is distinct from a patient’s usual personality, but its onset may be grad-
ual with weeks or months passing before the syndrome becomes full-blown. In the ab-
sence of effective treatment, a manic episode, although ultimately self-limited, could
last months or years.

 

2

 

 Before effective treatment was available, even after a long manic
episode, patients were known to recover to a state closely approximating, if not identi-
cal with, their personality before the illness developed.

 

3

 

The depression that alternates with manic episodes (bipolar depression) is charac-
terized by more familiar symptoms (Table 1). A single manic episode is sufficient for
the diagnosis of bipolar illness, as long as the manic symptoms are not due to a general
medical condition such as amphetamine abuse or pheochromocytoma.

 

4

 

 Some patients
may have one manic episode at a young age and frequent depressive episodes there-
after, others may have alternating episodes of mania and depression on a yearly basis,
and still others may have a manic episode every five years but never have a depressive
episode.

Mania can be of varying severity. Mild episodes without psychotic symptoms and with-
out symptoms of being dangerous to oneself or to others are called hypomania.

 

5

 

 Hy-
pomanic episodes can occur in patients with diagnosed bipolar illness, but they can
also occur in patients with a history only of depression. The syndrome of major depres-
sive episodes and hypomanic episodes has been called bipolar II disorder, to distin-
guish it from the full-blown bipolar illness called bipolar I disorder. However, the reli-
ability of the diagnosis of bipolar II disorder is lower than for bipolar I disorder, and
drug response and family history do not convincingly indicate that bipolar II is truly
a milder version of the disorder.

 

5

 

Bipolar illness (classically defined bipolar I disorder) affects approximately 1 percent
of the population worldwide.

 

6

 

 Bipolar II disorder is reported to be much more preva-
lent, and a spectrum of bipolar disorder has been described that includes states of chron-
ic mild hypomania.

 

7

 

 However, the use of the concept that bipolar illness covers a wide

b
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spectrum may result in labeling patients as having
this disorder and may result in clinicians’ overpre-
scribing drugs and framing psychosocial issues as
medical.

Patients who have four or more episodes of
mania or depression per year are considered to be
“rapid cyclers,” and rapid cycling is difficult to treat.
Although some experts have advocated specific
pharmacologic treatment, a recent large, controlled
study showed that valproate was not superior to
lithium in the treatment of these patients.

 

8

 

 Further-
more, there are few life-course studies, and many
clinicians have observed that in some patients a pe-
riod of a few years of rapid cycling occurs, with a lat-
er transition to a period of less frequent episodes,
and vice versa.

 

9

 

The lifetime incidence of about 1 percent for bi-
polar disorder contrasts by an order of magnitude
with estimates of the prevalence of unipolar depres-
sion, which is far more common in the general pop-
ulation. However, bipolar disorder, especially in the
manic phase, is so destructive to the patient’s abili-
ty to work and to the function of the family that it
constitutes a substantial public health problem even
in comparison with the more common unipolar de-
pression.

 

10

 

For women with bipolar disorder, the postpar-
tum period is a time of considerable risk, and this
fact should be discussed when counseling female
patients about the risk of pregnancy. Bipolar ill-
ness may also have its onset post partum, and man-
ic symptoms that appear in the weeks after deliv-

ery do not have the good prognosis characteristic
of mild depressive postpartum symptoms. Alcohol
abuse and drug abuse frequently complicate the
treatment of patients with bipolar disorder and the
clinical course of the disease, because patients in
the depressive phase may use alcohol or drugs as
self-medication and patients in the manic phase
may crave them as part of the arousal characteristic
of this phase. The extent of substance abuse in pa-
tients with bipolar disorder varies greatly accord-
ing to culture, country of residence, and socioeco-
nomic class.

Figure 1 presents a life chart of a patient with
bipolar disorder and shows the episodes of ma-
nia and depression that affected the patient’s life,
ruining several potential careers and leading to three
divorces. In the healthy intervals, the patient clearly
regretted some of his behavior during the periods
of depression and mania; when well, he saw such
behavior as not part of himself.

Many famous musicians, writers, and leaders
of society have had bipolar disorder.

 

11

 

 Many of
these people — and some of their physicians —
have been concerned that the pharmacologic treat-
ment of their mood swings might reduce their
creativity. However, there is considerable evidence
that people with bipolar disorder are more cre-
ative when effectively treated than when they are
not treated. Only the early phases of mania appear
to contribute to creativity, whereas full-blown ma-
nia usually becomes destructive to creativity and
productivity.

 

12

 

Table 1. Features of Bipolar Disorder.

Feature Mania Hypomania Depression

 

Severity of disorder Severity requires hospitaliza-
tion in most cases, because 
of major impairment in oc-
cupational and social func-
tioning

Does not require hospitaliza-
tion; unusual demeanor 
and uncharacteristic behav-
ior noticeable by others, for 
at least several days

Depressed mood or reduced 
interest or pleasure in activ-
ities, for at least 2 wk; be-
havior and demeanor dif-
ferent from usual 
personality, causing notice-
able impairment in social, 
occupational, and other 
areas of functioning

Symptoms Euphoria or irritable mood; de-
creased need for sleep; talk-
ativeness; racing thoughts; 
increased sexual activity 
and aggressive activity; in-
creased motor activity or 
agitation; poor judgment 

Same as in mania Reduced appetite and weight 
loss; insomnia (especially 
early-morning awakening); 
fatigue; feelings of worth-
lessness; poor concentra-
tion; suicidal thoughts; de-
creased interest in sexual 
activity and in other plea-
surable activities 
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About 50 percent of patients with bipolar illness
have a family history of the disorder, and in some
families, known as multiplex families, there are
many members with the disease across several gen-
erations. Studies of twins suggest that the concor-
dance for bipolar illness is between 40 percent
and 80 percent in monozygotic twins and is lower
(10 to 20 percent) in dizygotic twins, a difference
that suggests a genetic component to the disor-
der.

 

13

 

 There is no mendelian pattern, however, and
statistical analysis suggests polygenic inheritance.

The advent of molecular genetics opened a new
era in genetic studies of bipolar disorder. DNA
markers have been sought throughout the genome
in large pedigrees in which many family members
have the illness and, with the use of the transmis-
sion disequilibrium test, in patients with bipolar
disorder and their parents. Linkage studies have
identified markers, which have been replicated in
more than one study, particularly on chromosomes
18 and 22.

 

14

 

 However, no single locus has been
consistently replicated, and the contribution of
any identified locus appears small.

 

15

 

 Progress in

genomic medicine offers the hope that specific
genes that confer an elevated risk of bipolar illness
will be found.

 

16

 

Genetic counseling of families with bipolar ill-
ness may be helpful, but of necessity, such counsel-
ing is based on premolecular and family studies.
On the basis of family studies, the risk of bipolar
disorder in the child or sibling of a person with the
disease is about 10 percent.

 

13

 

 Such information
may be helpful for life planning, though even a risk
of 10 percent may lead some potential life partners
to think twice about continuing a relationship.

 

acute mania

 

Acute mania is a medical emergency. If a manic pa-
tient is not treated rapidly, he or she is liable to en-
gage in activities that may endanger the patient’s
marriage or job and possibly the patient’s life. Acute-
ly manic persons may appear rational at one mo-
ment and yet be out of control the next. For exam-
ple, a manic person who is driving at 110 miles an
hour through the city may just have had a rational
conversation with the family physician in which

genetics

treatment

 

Figure 1. Life Chart of a Patient with Bipolar Illness.

 

The patient was a 43-year-old man who had a first episode of mania at the age of 23 and a first episode of depression 
at the age of 27. Orange denotes mania, and blue depression. Positive scores indicate mania and negative scores de-
pression, with higher scores indicating a greater severity of illness and zero indicating no illness.
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the patient denied having delusions or hallucina-
tions and seemed pleasant, even if speaking unusu-
ally rapidly. It is critical to obtain collateral infor-
mation from relatives, friends, and coworkers about
such a patient’s behavior in recent days to supple-
ment the clinical interview. Identified behavioral
dangers are as much an indication for involuntary
hospitalization of a patient as the patient’s verbal
expression of violent hallucinations or delusions.

Numerous effective treatments exist for acute
mania (Table 2). Neuroleptic (antipsychotic) drugs
are clearly effective in acute mania.

 

30

 

 These drugs
are not recommended for long-term prophylaxis
because of the danger of tardive dyskinesia. In the
acutely manic patient, these medications have the
advantages of readily available parenteral as well as
oral forms and of rapid onset of psychomotor in-
hibition, which may be lifesaving in the case of a vi-
olent or psychotic patient. These medications are
generally detested by patients with milder disease,
who often are more compliant with a regimen than
are patients with severe mania. The new, atypical
antipsychotic drugs (those without extrapyramidal
side effects) are effective in compliant patients and
also may pose lower risks of inducing depression
than is the case with classic neuroleptic drugs. Par-
enteral preparations of the atypical antipsychotic
drugs are becoming available. Some worrisome
adverse effects of these drugs include weight gain,
changes in lipid levels, and abnormalities in glucose
tolerance.

 

31

 

 Thus, a patient who had a good re-
sponse to a classic neuroleptic in the past should
probably be treated with the same drug when a re-
current manic episode occurs.

Research studies have shown that lithium, val-
proate, and carbamazepine have established effi-
cacy in the treatment of acute mania and are ef-
fective in clinical practice as monotherapy for
occasional episodes of mild mania in unusually
compliant patients. Surveys of clinicans, however,
have suggested that these drugs work too slowly in
the great majority of patients with acute mania.

 

32

 

Treatment should generally be initiated, then, with
either a typical or an atypical neuroleptic drug, with
the addition of a mood stabilizer such as lithium,
valproate, or carbamazepine as soon as compliance
with oral therapy is assured.

 

bipolar depression

 

Bipolar depression (depressive episodes in a pa-
tient with bipolar illness) generally responds to tri-
cyclic antidepressants, selective serotonin-reuptake

inhibitors, and monoamine oxidase inhibitors.

 

33

 

The length of time before a response in a patient
with bipolar depression is similar to that seen in
those with unipolar depression, three to six weeks.
However, treatment for bipolar depression must be
carried out in the knowledge that antidepressant
drugs may induce a switch from depression to ma-
nia. A patient with a history of at least one danger-
ous episode of mania that put the family or the pa-
tient’s job at risk should probably not be treated
with antidepressants, even if the patient continues
to have residual low mood or low energy. However,
patients who have had one diagnosed moderate
episode of mania in which neither self-injury nor
damage to the family occurred but who have had
recurrent, crippling depression after the single man-
ic episode will probably benefit from an antidepres-
sant without sustaining undue risk.

 

33

 

Some studies have suggested that relatively new
antidepressants such as the selective serotonin-
reuptake inhibitors and bupropion are less likely
than older agents to induce mania in persons with
bipolar depression,

 

34

 

 but these studies have often
been restricted to data on patients with very mild
mania (bipolar II disorder), and the data should
not be extrapolated to all patients with bipolar ill-
ness.

 

35,36

 

 The n¡3 fatty acids have been experi-
mentally reported to be antidepressant in prelimi-
nary studies

 

37

 

 and may represent a new direction
for the treatment of bipolar disorder. Inositol is an-
other natural substance that has been studied in bi-
polar depression.

 

38

 

mood stabilizers and prophylaxis

 

Lithium is the quintessential and classic mood sta-
bilizer.

 

39

 

 Lithium was developed when the regula-
tions of the Food and Drug Administration (FDA)
were less stringent than they are now, and the new
agents to treat mania may be promoted as the only
treatments that satisfy the current, more stringent
standards of proof in clinical trials. However, for
the past 50 years lithium has been shown to have
antimanic efficacy, prophylactic efficacy in bipolar
disorder, and some efficacy in prophylaxis against
bipolar depression.

 

23

 

 The drug has a narrow thera-
peutic index, and the blood levels in patients taking
lithium must be monitored. Severe toxic effects
and sometimes death can occur when renal excre-
tion is impaired, even by such apparently innocent
changes as the onset of diuretic treatment for hy-
pertension. Progressive renal failure after decades
of lithium use has been reported,

 

40

 

 although some
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have questioned the specificity of lithium as the
causative agent in these cases.

 

41

 

Carbamazepine was the anticonvulsant drug
reported to be useful in the treatment of bipolar ill-
ness in the 1980s

 

42

 

 — it was estimated that as much
as half the sales of carbamazepine were for bipo-
lar illness. Throughout that decade, many small
studies reported on the therapeutic efficacy of car-
bamazepine as prophylaxis against mania, bipolar
depression, and bipolar disorder, as monotherapy
sometimes but often in addition to other treatment.
This literature has lately been reevaluated in the
light of the FDA’s standards for the licensing of new
anticonvulsant agents for use in the treatment of
bipolar disorder, and the literature has sometimes
been found wanting. However, a clinician must take
into account the relatively long and successful clin-
ical use of this compound.

 

27

 

The first studies of valproate (valproic acid), an-
other anticonvulsant agent, in treating bipolar ill-
ness came from outside the United States,

 

43

 

 as was
the case with carbamazepine. These early studies
were criticized by U.S. physicians as being poorly

controlled. However, when a U.S. pharmaceutical
company, Abbott, reached an agreement with the
FDA to patent a new formulation of valproic acid,
a large-scale, controlled study was carried out,

 

25

 

leading to a profitable compound, divalproex so-
dium. Although some have viewed divalproex sodi-
um as having a dubious pharmacologic advantage
over valproic acid, and despite heavy advertising
and promotion of its use, lithium still controls a
large market share in the treatment of bipolar dis-
order, a situation that suggests either that psychi-
atrists are a stubborn lot or that lithium may have
greater efficacy in the treatment of bipolar disor-
der than commercially sponsored studies would
suggest.

 

44

 

 A recent large study has suggested that
lithium prophylaxis is much more effective than
valproate prophylaxis in the prevention of suicide
among patients with bipolar disorder.

 

45

 

The success of carbamazepine and valproate
and the development of new antiepileptic agents
have led to the use of these drugs in treating bipo-
lar disorder as well. Case reports and small stud-
ies have suggested that topiramate is effective in

 

Table 2. Drug Treatments for Mania and Bipolar Disorder. 

Drug Side Effects Indication Effectiveness Study 

 

Classic oral neuro-
leptics

Extrapyramidal syn-
drome, hypotension

Moderate-to-severe 
mania in patients 
with good compli-
ance

Highly effective but pos-
es risk of depression

Licht,

 

17

 

 Littlejohn 
et al.

 

18

 

Clozapine Agranulocytosis Inadequate respon-
siveness to other 
treatment

Highly effective Suppes et al.

 

19

 

Atypical neuroleptics Diabetes and weight 
gain (olanzapine), 
hyperprolactinemia 
(risperidone), pro-
longed QTc interval 
(ziprasidone)

Extrapyramidal side 
effects and risk of 
tardive dyskinesia 
with typical neuro-
leptics

Established for moderate 
mania, but not for se-
vere mania

Sanger et al.,

 

20

 

Vieta et al.,

 

21

 

Keck et al.

 

22

 

Intramuscular 
neuroleptics

Extrapyramidal syn-
drome, hypotension

Noncompliance with 
oral agents

Highly effective but pos-
es risk of depression

Littlejohn et al.

 

18 

 

Lithium Polyuria, hypothyroid-
ism, weight gain

Good compliance Highly effective, slow on-
set, low risk of de-
pression

Goodwin,

 

23

 

  
Jamison et al.

 

24 

 

Valproate Rare hepatotoxic effects, 
tremor, weight gain

Good compliance Highly effective, slow on-
set, low risk of de-
pression

Bowden et al.,

 

25

 

Bowden et al.

 

26

 

Carbamazepine Rare hepatotoxic effects, 
rash

Good compliance Few data available Ketter et al.

 

27

 

Clonazepam 
and lorazepam

Excessive sedation Anxiety, psychomotor 
tension, insomnia

Questionable for core 
syndrome, useful as 
adjunct

Chouinard,

 

28

 

 
Lenox et al.

 

29
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bipolar illness, although a large study sponsored
by Janssen Cilag found no difference in efficacy be-
tween topiramate and placebo, perhaps because
mild, antidepressant-induced manias subsided in
a large number of patients in the placebo group.

 

46

 

Lamotrigine has also been reported to have a posi-
tive effect in bipolar illness, particularly in the de-
pressive phase. Clinicians have for many years re-
garded lithium, valproate, and carbamazepine as
more successful in controlling the manic phase of
bipolar disorder than the depressive phase, and a
need exists for a drug to treat depression for use in
this disorder. A large, company-sponsored study
suggested that lamotrigine was more effective as
prophylaxis against bipolar depression than lithi-
um or placebo.

 

47

 

 However, the size of the effect was
small, and there was concern about whether a large
number of patients who had not had a good re-
sponse to lithium had been attracted to the study.

Benzodiazepines act on the benzodiazepine
receptor of the 

 

g

 

-aminobutyric acid–benzodiaz-
epine complex and are effective in status epilepticus,
and they may be useful adjuncts in the treatment
of mania because they reduce tension and improve
sleep. However, they do not seem to have true an-
timanic efficacy.

 

28,29

 

 Gabapentin has not been ef-
fective against mania in well-designed trials, despite
early reports suggesting such an effect.

 

48

 

 Zonisa-
mide and felbamate, also new anticonvulsants, have
been shown in some case reports to have efficacy
in bipolar illness but have not yet been studied in
a controlled fashion.

 

48

 

Dopamine receptor–blocking drugs (neuro-
leptics) that are used in schizophrenia are also ther-
apeutic in acute mania. A few studies have found
these drugs efficacious in prophylaxis against bi-
polar disorder as well, but the risk of tardive dyski-
nesia has limited their use. Atypical neuroleptic
drugs such as clozapine, olanzapine, risperidone,
and ziprasidone have efficacy

 

49

 

 in at least some
phases of bipolar disorder. Such efficacy blurs the
distinction between therapy with neuroleptic drugs
to treat schizophrenia and mood-stabilizing thera-
py. Future studies of prophylaxis with atypical anti-
psychotic drugs may lead to an entirely new classi-
fication of mood-stabilizing agents, in comparison
with antipsychotic agents.

Although treatment with lithium or an anti-
convulsant agent provides remarkable prophylaxis
over many years for many patients with bipolar ill-
ness, large numbers of patients with breakthrough
episodes of mania and, even more common, break-

through depression present at referral centers. The
effectiveness of a polypharmacy approach — lithi-
um plus anticonvulsant, two anticonvulsants, lithi-
um plus an atypical neuroleptic, and occasionally
lithium plus an antidepressant — is supported by
some research data.

 

50

 

The design of drug trials for bipolar illness has
engendered an ethical controversy that will affect
future trials.

 

51

 

 A manic episode can be life-threat-
ening to the patient, and it is the view of many psy-
chiatrists and physicians that, given that effective
treatment exists, patients with this illness should
not be recruited for placebo-controlled trials. How-
ever, in most cases the FDA has insisted on place-
bo-controlled monotherapy trials for the registra-
tion of new compounds for use in psychiatry. Some
statisticians support the FDA’s position, calculat-
ing that without the use of a placebo control group,
many patients would be exposed to poor treatment
because a very large number of subjects would be
needed to prove lack of efficacy of a new treatment
as compared with the efficacy of an active control
medication such as lithium.

 

52

 

 These statistical cal-
culations do not take into account the distortions
that may be induced by the use of unrepresentative
patient populations in placebo-controlled studies.
One example is a large, rigorous study that com-
pared the efficacy of valproate, lithium, and placebo
in three randomized groups of patients with bipo-
lar illness and showed no significant differences be-
tween the groups, apparently because only patients
with mild forms of the disorder were recruited.

 

26

 

Surprisingly, studies have not identified a clear
personality trait specific to patients with bipolar
manic–depressive illness. Intuition may suggest that
patients are labile, unstable, or perhaps seekers of
novelty even when they are not manic or depressed.
However, there is little evidence of  specific person-
ality characteristics.

 

53

 

 Evidence suggests that the
first episode of bipolar disorder often is associat-
ed with stress in the life of the patient — the clas-
sic stressful event may be a first love relationship.

 

54

 

However, most studies agree that subsequent man-
ic episodes often tend to be unrelated to external
events in the patient’s life.

Most clinicians and some research data support
the idea that sleep disturbance can trigger manic
and depressive episodes in patients with bipolar ill-
ness,

 

55

 

 although in one controlled study no thera-

psychological aspects
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peutic effect of social rhythms therapy was shown.

 

56

 

Clinicians generally advise patients with bipolar dis-
order to avoid late work shifts, late-night partying,
and other events that disturb sleep.

 

56,57

 

neurochemical studies

 

The discovery that lithium, a simple ion, had a con-
siderable effect in terms of mood stabilization sug-
gested that a straightforward biologic pathophysi-
ology might easily be detected in manic–depressive
illness — a concept that could lead to important
biologic findings in other mental disorders and in
human behavior in general. However, 2004 arrived
without the discovery of a biologic diagnostic test
or the identification of a specific pathophysiologic-
al abnormality in manic–depressive illness. In early
studies, urine and spinal fluid were examined for
abnormalities in metabolites of the chief mono-
amine neurotransmitters, neuroadrenalin, seroto-
nin, and dopamine. The findings were difficult to
replicate and, if replicated, turned out to be second-
ary to the hyperactivity typical of mania and the hy-
poactivity and weight loss typical of depression.

 

58

 

The techniques of postmortem neurochemical
analysis have developed in recent years as brain
banks have acquired modern methods, including
speedy removal of central nervous system tissue.

 

59

 

Despite the use of protocols with patients’ informed
consent that include antemortem diagnosis and ex-
clude the recruitment of patients with severe sys-
temic physical illness, information about a patient’s
mental state at time of death — whether the patient
had depression, mania, or euthymia — is rarely ob-
tained. Patients with bipolar illness who die at an
advanced age are likely to have neurochemical ab-
normalities secondary to other brain disorders,
including Alzheimer’s disease, or to the effects
of long-term drug treatment. Those who die at a
younger age often have committed suicide during
a period of acute stress that was unrelated to the
specific diagnosis. Perhaps the most specific and
replicable findings are those of Rajkowska et al.,

 

60

 

which suggest a reduction in neuronal and glial
density in specific frontal brain regions post mor-
tem in patients with bipolar illness.

Table 3 provides a selected sample of recent neu-
rochemical findings in the central nervous system
in bipolar disorder. The findings of abnormalities
in the euthymic state may be particularly important,
because they have the potential to reveal abnor-

malities that precede the manifestation of symp-
toms of the illness. Such markers are also less like-
ly to be artifacts than to be secondary to changes
in the patient’s activity, sleep, appetite, and weight.
Until such findings can be replicated multiple times
and shown to be independent of the alterations in
activity and weight that are characteristic of mania
or depression, the phenomena should not be con-
sidered to be established. Owing to the difficulty
of studying the brain in a living patient, the use of
a specific treatment as a “pharmacologic bridge”
remains a key strategy to understanding the neuro-
chemistry of bipolar disorder. The development of
such a pharmacologic bridge involves the selection
of a candidate neurochemical abnormality

 

68

 

 and
the testing of its relevance with the use of a hypoth-
esis-based clinical intervention.

 

69

 

neuroimaging and neuroanatomical 
studies

 

The increasing sophistication of techniques to mea-
sure the anatomy and function of the human brain
with the use of neuroimaging has not been ignored
in the study of bipolar disorder. Even though com-
puted tomography and magnetic resonance imag-
ing (MRI) are limited to structural findings, func-
tional MRI and positron-emission tomography
(PET) can provide information about function. Most
of the imaging studies in bipolar disorder are small,
because of both the cost and the difficulty involved
in studying patients who are either manic or de-
pressed; to date, the ability to replicate results has
been poor (Table 3).

 

70

 

 One promising report not-
ed decreased volume of gray matter and decreased
blood flow in the subgenual prefrontal cortex of
patients with bipolar illness, as compared with per-
sons without this illness.

 

67

 

 The prefrontal cortex
is known to be involved in emotional responses,
and its neurochemistry is affected by psychotro-
pic drugs. At present, neither neuronal imaging nor
neurochemical studies can provide a helpful answer
to the relative of a person in whom bipolar illness
is suspected who asks if there is a biologic test
that can establish the diagnosis.

 

mechanism of action of lithium and other 
mood stabilizers

 

Lithium has a myriad of biochemical and biologic
effects, although many of them occur only at toxic
concentrations. One way to frame the biologic ef-
fects of lithium is to examine these effects as they
came to be understood over the past half-century of

pathophysiology
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the development of neuroscience. The central fo-
cus in neuroscience has shifted repeatedly during
this time, and lithium appears to have at least one
major effect according to each focus (Table 4).

Lithium inhibits the accumulation of cyclic aden-
osine monophosphate (cAMP),

 

73

 

 perhaps at the
level of G proteins, which act to convey the signal
between the receptors and adenylate cyclase.

 

78

 

Lithium may down-regulate second-messenger sys-
tems that are associated with cAMP–linked recep-
tors. Lithium inhibits the activity of inositol mono-
phosphatase,

 

74

 

 resulting in inositol depletion, an
effect that could down-regulate second-messen-
ger systems that are linked to the phosphatidylino-
sitol cycle. Although these two potential actions of
lithium were of interest in the past, neither has led
to the successful development of new drugs.
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 New-
ly proposed mechanisms for the action of lithium
include the inhibition of glycogen synthase kinase-
3 beta (GSK-3

 

b

 

),

 

80

 

 the inhibition of binding of se-
rotonin (5–HT) to 5–HT

 

1

 

B

 

 receptors,

 

81

 

 effects on
glutamate uptake and release,

 

82

 

 and an increase in
the levels of the neuroprotective protein bcl-2.

 

77

 

The principle of Occam’s razor would suggest that
only one of these biochemical effects will emerge
as the mechanism for the effect of lithium on mood.
However, a better understanding of how lithium
works would probably serve as a rational basis for
the development of new drugs.

Mood stabilizers other than lithium include
anticonvulsants, numerous biochemical actions of
which involve voltage-activated sodium channels,
and 

 

g

 

-aminobutyric acid.

 

83

 

 Valproate shares some
reported effects with lithium — for example, the
inhibition of GSK-3

 

b

 

 and the increase in bcl-2.
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Recently, Williams et al.

 

85

 

 reported that lithium, val-
proate, and carbamazapine have common effects
on neuronal growth cones that are reversible by
inositol — a finding that supports the classic ino-
sitol-depletion hypothesis.

The evidence of a clear genetic predisposition to
bipolar illness has led to important efforts in gene
discovery, and several linkage studies have pro-

summary

 

* VMAT denotes vesicular monoamine transporter, PET positron-emission tomography, RT-PCR reverse-transcriptase 
polymerase chain reaction, and MRI magnetic resonance imaging.

 

Table 3. Neurochemical and Imaging Findings in Bipolar Disorder.* 

Focus of Study Finding Possible Implication Study

 

B-lymphoblast cell lines Increased intracellular 
Ca

 

2+

 

 in a subgroup of pa-
tients

Abnormal intracellular regula-
tion

Yoon et al.

 

61

 

Binding of VMAT type 2 in thala-
mus and ventral midbrain, 
studied with PET in vivo

Increased VMAT Increased serotonin innervation Zubieta et al.

 

62

 

Postmortem brain tissue (prefron-
tal cortex and cerebellum), 
studied with immunohisto-
chemical analysis, RT-PCR, 
and Western blot

Decrease in brain reelin Abnormality of brain extracellular 
matrix

Guidotti et al.

 

63

 

Dorsolateral prefrontal cortex, 
studied with magnetic reso-
nance spectroscopy in vivo

Decreased cortical 

 

N

 

-acetyl 
aspartate

Decreased neuronal density or 
dysfunction

Winsberg et al.

 

64

 

Postmortem cortex studied with 
gas chromatography

Decreased brain inositol Deficient second-messenger 
signaling

Shimon et al.

 

65

 

Postmortem dorsolateral prefron-
tal cortex layer III, studied with 
the use of morphometric, 
three-dimensional cell 
counting

Reduced glial density (fewer 
but larger cells) in cortex

Abnormal neurologic develop-
ment without gliosis

Rajkowska et al.

 

60

 

Lymphoblastoid cell lines Reduced inositol monophos-
phatase

Abnormal phosphatidylinositol 
second-messenger signaling

Shamir et al.

 

66

 

Patients with familial bipolar de-
pression, studied with MRI 
and PET

Decreased gray matter and 
blood flow in subgenual 
prefrontal cortex

Abnormal emotional responsive-
ness to social stimuli

Drevets et al.

 

67
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duced similar results. However, these results are
not sufficiently robust to be used in genetic coun-
seling. New drugs, such as valproic acid and lamo-
trigine, are effective. These drugs are useful alter-
natives for patients in whom adverse effects occur
with lithium or in whom the response to lithium
is inadequate, but no drug seems more effective
than lithium for the majority of patients with bi-
polar illness. Although the search for evidence of
abnormalities in neurochemical and neuroimag-
ing studies remains promising, diagnostic mark-
ers that would have clinical relevance have still to
be discovered.

A new diagnostic tendency to view milder con-
ditions that include mood swings as variants of
bipolar illness may lead to more effective treat-

ment for some affected patients, often with lithi-
um or valproate, but the use of these agents in mild
variants of the disorder remains unsupported by
strong biologic or clinical data. For this reason,
clinicians should be careful to avoid misdiagnos-
ing psychological or social phenomena as bipolar
illness. Increasing evidence for the efficacy of new
atypical antipsychotic drugs in the treatment of
and prophylaxis against bipolar illness has provid-
ed a major treatment alternative that may, in the fu-
ture, blur the diagnostic and therapeutic bound-
aries between bipolar illness and schizophrenia.
However, the emerging adverse effects of these new
compounds cannot be ignored.

I am indebted to Samuel Gershon, mentor extraordinaire in the
field of bipolar disorder.

references

1. Clinical description. In: Goodwin FK,
Jamison KR.  Manic-depressive illness. New
York: Oxford University Press, 1990:15-55.
2. Beers C. A mind that found itself. Gar-
den City, N.Y.: Doubleday, 1953.
3. Kraepelin E. Manic-depressive insanity
and paranoia. Chicago: University of Chi-
cago Press, 2002.
4. Diagnostic and statistical manual of
mental disorders, 4th ed.: DSM-IV. Washing-
ton, D.C.: American Psychiatric Association,
1994.
5. Baldessarini RJ. A plea for integrity of
the bipolar disorder concept. Bipolar Disord
2000;2:3-7.
6. Merikangas K, Yu K. Genetic epidemiol-
ogy of bipolar disorder. Clin Neurosci Res
2002;2:127-41.
7. Akiskal HS. Classification, diagnosis and
boundaries of bipolar disorders: a review.

In: Maj M, Akiskal HS, López-Ibor JJ, Sarto-
rius N, eds. Bipolar disorder. Chichester,
England: John Wiley, 2002:1-95.
8. Calabrese JR, Shelton M, Rapport E, et
al. A 20-month, double-blind, maintenance
study of lithium versus divalproex mono-
therapy in bipolar I and II disorder accompa-
nied by rapid cycling. Eur Neuropsycho-
pharmacol 2003;13:Suppl 4:S227. abstract.
9. Coryell W, Solomon D, Turvey C, et al.
The long-term course of rapid-cycling bipo-
lar disorder. Arch Gen Psychiatry 2003;60:
914-20.
10. Begley CE, Annegers JF, Swann AC, et al.
The lifetime cost of bipolar disorder in the
US: an estimate for new cases in 1998. Phar-
macoeconomics 2001;19:483-95.
11. Jamison K. Touched by fire: manic-
depressive illness and the artistic tempera-
ment. New York: Free Press, 1994.

12. Schou M. Artistic productivity and lith-
ium prophylaxis in manic-depressive illness.
Br J Psychiatry 1979;135:97-103.
13. Plomin R, DeFries JC, McClearn GE, Rut-
ter M. Behavioral genetics. 3rd ed. New York:
W.H. Freeman, 1997.
14. Badner JA, Gershon ES. Meta-analysis
of whole-genome linkage scans of bipolar
disorder and schizophrenia. Mol Psychiatry
2002;7:405-11.
15. Lenox RH, Gould TD, Manji HK. Endo-
phenotypes in bipolar disorder. Am J Med
Genet 2002;114:391-406. [Erratum, Am J
Med Genet 2002;114:592.]
16. Jones I, Scourfield J, McCandless F, Crad-
dock N. Attitudes towards future testing for
bipolar disorder susceptibility genes: a pre-
liminary investigation. J Affect Disord 2002;
71:189-93.
17. Licht RW. Drug treatment of mania:

* cAMP denotes cyclic AMP, and CREB cyclic AMP–responsive element–binding protein. 

Table 4. Focus of Neuroscientific Studies and the History of Understanding the Mechanism of Action of Lithium.* 

Period Focus Finding about Lithium Study

1965–1975 Monoamine metabolites Increases deaminated norepineph-
rine metabolites

Knapp and Mandell71

1976–1985 Neurotransmitter receptors Prevents dopamine-receptor super-
sensitivity

Pert et al.72

1986–1995 Second messengers
cAMP
Phosphatidylinositol cycle

Inhibits adenylate cyclase
Inhibits inositol monophosphatase

Ebstein et al.73

Berridge et al.74

1996–2000 Third messengers
Immediate early-response

genes 
Response elements

Affects c-fos, c-jun

Increases CREB DNA binding

Leslie and Moorman75

Jope et al.76

2000–present Neuroprotection and neuro-
genesis

Increases levels of neuroprotective 
protein bcl-2

Manji et al.77

The New England Journal of Medicine 
Downloaded from nejm.org by Christian Chaler on January 24, 2012. For personal use only. No other uses without permission. 

 Copyright © 2004 Massachusetts Medical Society. All rights reserved. 



n engl j med 351;5 www.nejm.org july 29, 2004

medical progress

485

a critical review. Acta Psychiatr Scand 1998;
97:387-97.
18. Littlejohn R, Leslie F, Cookson J. Depot
antipsychotics in the prophylaxis of bipolar
affective disorder. Br J Psychiatry 1994;165:
827-9.
19. Suppes T, Webb A, Paul B, Carmody T,
Kraemer H, Rush AJ. Clinical outcome in a
randomized 1-year trial of clozapine versus
treatment as usual for patients with treat-
ment-resistant illness and a history of mania.
Am J Psychiatry 1999;156:1164-9.
20. Sanger TM, Grundy SL, Gibson PJ, Nam-
joshi MA, Greaney MG, Tohen MF. Long-
term olanzapine therapy in the treatment of
bipolar I disorder: an open-label continua-
tion phase study. J Clin Psychiatry 2001;62:
273-81.
21. Vieta E, Goikolea JM, Corbella B, et al.
Risperidone safety and efficacy in the treat-
ment of bipolar and schizoaffective disor-
ders: results from a 6-month, multicenter,
open study. J Clin Psychiatry 2001;62:818-
25. [Erratum, J Clin Psychiatry 2002;63:79.]
22. Keck PE Jr, Ice K, Ziprasidone Mania
Study Group. A 3-week, double-blind, ran-
domized trial of ziprasidone in the acute
treatment of mania. Eur Neuropsychophar-
macol 2000;10:Suppl 3:S297. abstract.
23. Goodwin FK. Rationale for long-term
treatment of bipolar disorder and evidence
for long-term lithium treatment. J Clin Psy-
chiatry 2002;63:Suppl 10:5-12.
24. Jamison KR, Gerner RH, Goodwin FK.
Patient and physician attitudes toward lith-
ium: relationship to compliance. Arch Gen
Psychiatry 1979;36:866-9.
25. Bowden CL, Brugger AM, Swann AC, et
al. Efficacy of divalproex vs lithium and
placebo in the treatment of mania. JAMA
1994;271:918-24. [Erratum, JAMA 1994;
271:1830.]
26. Bowden CL, Calabrese JR, McElroy SL,
et al. A randomized, placebo-controlled 12-
month trial of divalproex and lithium in
treatment of outpatients with bipolar I dis-
order. Arch Gen Psychiatry 2000;57:481-9.
27. Ketter TA, Post RM, Denicoff K, et al.
Carbamazepine. In: Goodnick PJ, ed. Mania:
clinical and research perspectives. Washing-
ton, D.C.: American Psychiatric Press, 1998:
263-300.
28. Chouinard G. Clonazepam in acute
and maintenance treatment of bipolar affec-
tive disorder. J Clin Psychiatry 1987;48:Suppl:
29-37.
29. Lenox RH, Newhouse PA, Creelman WL,
Whitaker TM. Adjunctive treatment of manic
agitation with lorazepam versus haloperi-
dol: a double-blind study. J Clin Psychiatry
1992;53:47-52.
30. Biederman J, Lerner Y, Belmaker RH.
Combination of lithium carbonate and halo-
peridol in schizo-affective disorder: a con-
trolled study. Arch Gen Psychiatry 1979;36:
327-33.
31. Lindenmayer J-P, Czobor P, Volavka J, et
al. Changes in glucose and cholesterol levels
in patients with schizophrenia treated with

typical or atypical antipsychotics. Am J Psy-
chiatry 2003;160:290-6.
32. Verdoux H, Gonzales B, Takei N, Bour-
geois M. A survey of prescribing practice of
antipsychotic maintenance treatment for
manic-depressive outpatients. J Affect Dis-
ord 1996;38:81-7.
33. Kusumakar V. Antidepressants and anti-
psychotics in the long-term treatment of
bipolar disorder. J Clin Psychiatry 2002;63:
Suppl 10:23-8.
34. Sachs GS, Lafer B, Stoll AL, et al. A dou-
ble-blind trial of bupropion versus desipra-
mine for bipolar depression. J Clin Psychia-
try 1994;55:391-3.
35. Nemeroff CB, Evans DL, Gyulai L, et al.
Double-blind, placebo-controlled compari-
son of imipramine and paroxetine in the
treatment of bipolar depression. Am J Psy-
chiatry 2001;158:906-12.
36. Joffe RT, MacQueen GM, Marriott M,
Robb J, Begin H, Young LT. Induction of
mania and cycle acceleration in bipolar dis-
order: effect of different classes of antide-
pressant. Acta Psychiatr Scand 2002;105:
427-30.
37. Stoll AL, Severus WE, Freeman MP, et
al. Omega 3 fatty acids in bipolar disorder:
a preliminary double-blind, placebo-con-
trolled trial. Arch Gen Psychiatry 1999;56:
407-12.
38. Chengappa KN, Levine J, Gershon S,
et al. Inositol as an add-on treatment for
bipolar depression. Bipolar Disord 2000;2:
47-55.
39. Pies R. Have we undersold lithium for
bipolar disorder? J Clin Psychopharmacol
2002;22:445-9.
40. Gitlin MJ. Lithium-induced renal insuf-
ficiency. J Clin Psychopharmacol 1993;13:
276-9.
41. Walker RG. Lithium nephrotoxicity. Kid-
ney Int Suppl 1993;42:S93-S98.
42. Okuma T, Inanaga K, Otsuki S, et al.
A preliminary double-blind study on the effi-
cacy of carbamazepine in prophylaxis of
manic-depressive illness. Psychopharmacol-
ogy (Berl) 1981;73:95-6.
43. Emrich HM, von Zerssen D, Kissling W,
Moller HJ, Windorfer A. Effect of sodium
valproate on mania: the GABA-hypothesis of
affective disorders. Arch Psychiatr Nervenkr
1980;229:1-16.
44. Blanco C, Laje G, Olfson M, Marcus SC,
Pincus HA. Trends in the treatment of bipo-
lar disorder by outpatient psychiatrists. Am J
Psychiatry 2002;159:1005-10.
45. Goodwin FK, Fireman B, Simon GE,
Hunkeler EM, Lee J, Revicki D. Suicide risk
in bipolar disorder during treatment with
lithium and divalproex. JAMA 2003;290:
1467-73.
46. Bowden CL. Novel treatments for bipo-
lar disorder. Expert Opin Investig Drugs
2001;10:661-71. [Erratum, Expert Opin Inves-
tig Drugs 2001;10:1205a.]
47. Bowden C, Calabrese J, Sachs G, et al.
A placebo-controlled 18-month trial of lamo-
trigine and lithium maintenance treatment

in recently manic or hypomanic patients with
bipolar I disorder. Arch Gen Psychiatry 2003;
60:392-400.
48. Yatham LN, Kusumakar V, Calabrese JR,
Rao R, Scarrow G, Kroeker G. Third genera-
tion anticonvulsants in bipolar disorder: a
review of efficacy and summary of clinical
recommendations. J Clin Psychiatry 2002;63:
275-83.
49. Mitchell PB, Malhi GS. The expanding
pharmacopoeia for bipolar disorder. Annu
Rev Med 2002;53:173-88.
50. Freeman MP, Stoll AL. Mood stabilizer
combinations: a review of safety and effi-
cacy. Am J Psychiatry 1998;155:12-21.
51. Montgomery DB, European College of
Neuropsychopharmacology. ECNP Consen-
sus Meeting March 2000 Nice: guidelines
for investigating efficacy in bipolar disorder.
Eur Neuropsychopharmacol 2001;11:79-88.
52. Post RM, Keck P Jr, Rush AJ. New designs
for studies of the prophylaxis of bipolar
disorder. J Clin Psychopharmacol 2002;22:
1-3.
53. Osher Y, Cloninger CR, Belmaker RH.
TPQ in euthymic manic-depressive patients.
J Psychiatr Res 1996;30:353-7.
54. Hlastala SA, Frank E, Kowalski J, et al.
Stressful life events, bipolar disorder, and
the “kindling model.” J Abnorm Psychol
2000;109:777-86.
55. Wehr TA, Sack DA, Rosenthal NE. Sleep
reduction as a final common pathway in the
genesis of mania. Am J Psychiatry 1987;144:
201-4. [Erratum, Am J Psychiatry 1987;144:
542.]
56. Frank E, Swartz HA, Kupfer DJ. Inter-
personal and social rhythm therapy: manag-
ing the chaos of bipolar disorder. Biol Psy-
chiatry 2000;48:593-604.
57. Huxley NA, Parikh SV, Baldessarini RJ.
Effectiveness of psychosocial treatments in
bipolar disorder: state of the evidence. Harv
Rev Psychiatry 2000;8:126-40.
58. Belmaker RH, vanPraag HM. Mania: an
evolving concept. Jamaica, N.Y.: SP Medical
& Scientific Books, 1980.
59. Agam G, Everall IP, Belmaker RH. The
postmortem brain in psychiatric research.
Norwell, Mass.: Kluwer Academic, 2002.
60. Rajkowska G, Halaris A, Selemon LD.
Reductions in neuronal and glial density
characterize the dorsolateral prefrontal cor-
tex in bipolar disorder. Biol Psychiatry 2001;
49:741-52.
61. Yoon IS, Li PP, Siu KP, et al. Altered IMPA2
gene expression and calcium homeostasis
in bipolar disorder. Mol Psychiatry 2001;6:
678-83.
62. Zubieta JK, Taylor SF, Huguelet P, Koeppe
RA, Kilbourn MR, Frey KA. Vesicular mono-
amine transporter concentrations in bipolar
disorder type I, schizophrenia, and healthy
subjects. Biol Psychiatry 2001;49:110-6.
63. Guidotti A, Auta J, Davis JM, et al.
Decrease in reelin and glutamic acid decar-
boxylase67 (GAD67) expression in schizo-
phrenia and bipolar disorder: a postmortem
brain study. Arch Gen Psychiatry 2000;57:

The New England Journal of Medicine 
Downloaded from nejm.org by Christian Chaler on January 24, 2012. For personal use only. No other uses without permission. 

 Copyright © 2004 Massachusetts Medical Society. All rights reserved. 



n engl j med 351;5 www.nejm.org july 29, 2004486

medical progress

1061-9. [Erratum, Arch Gen Psychiatry
2002;59:12.]
64. Winsberg ME, Sachs N, Tate DL, Adal-
steinsson E, Spielman D, Ketter TA. Decreased
dorsolateral prefrontal N-acetyl aspartate
in bipolar disorder. Biol Psychiatry 2000;47:
475-81.
65. Shimon H, Agam G, Belmaker RH, Hyde
TM, Kleinman JE. Reduced frontal cortex
inositol levels in postmortem brain of sui-
cide victims and patients with bipolar disor-
der. Am J Psychiatry 1997;154:1148-50.
66. Shamir A, Ebstein RP, Nemanov L, Zohar
A, Belmaker RH, Agam G. Inositol mono-
phosphatase in immortalized lymphoblas-
toid cell lines indicates susceptibility to
bipolar disorder and response to lithium
therapy. Mol Psychiatry 1998;3:481-2.
67. Drevets WC, Price JL, Simpson JR Jr, et
al. Subgenual prefrontal cortex abnormal-
ities in mood disorders. Nature 1997;386:
824-7.
68. Gould TD, Quiroz JA, Singh J, Zarate
CA, Manji HK. Emerging experimental ther-
apeutics for bipolar disorder: insights from
the molecular and cellular actions of current
mood stabilizers. Mol Psychiatry (in press).
69. Quiroz JA, Singh J, Gould TD, Denicoff
KD, Zarate CA, Manji HK. Emerging experi-
mental therapeutics for bipolar disorder:
clues from the molecular pathophysiology.
Mol Psychiatry (in press).
70. Pearlson GD. Structural and functional
brain changes in bipolar disorder: a selec-
tive review. Schizophr Res 1999;39:133-40,
162.

71. Knapp S, Mandell AJ. Short- and long-
term lithium administration: effects on the
brain’s serotonergic biosynthetic systems.
Science 1973;180:645-7.
72. Pert A, Rosenblatt JE, Sivit C, Pert CB,
Bunney WE Jr. Long-term treatment with lith-
ium prevents the development of dopamine
receptor supersensitivity. Science 1978;201:
171-3.
73. Ebstein R, Belmaker R, Grunhaus L,
Rimon R. Lithium inhibition of adrenaline-
stimulated adenylate cyclase in humans.
Nature 1976;259:411-3.
74. Berridge MJ, Downes CP, Hanley MR.
Lithium amplifies agonist-dependent phos-
phatidylinositol responses in brain and sali-
vary glands. Biochem J 1982;206:587-95.
75. Leslie RA, Moorman JM. Potentiation of
immediate-early gene c-fos expression in cere-
bral cortex by chronic lithium treatment after
5-HT2A receptor activation. In: Manji HK,
Bowden CL, Belmaker R, eds. Bipolar medi-
cations: mechanisms of action. Washing-
ton, D.C.: American Psychiatric Press, 2000:
249-70.
76. Jope RS, Williams MB, Li X, et al. Modu-
lation of neuronal signal transduction sys-
tems of lithium. In: Manji HK, Bowden CL,
Belmaker R, eds. Bipolar medications: mech-
anisms of action. Washington, D.C.: Ameri-
can Psychiatric Press, 2000:179-95.
77. Manji HK, Moore GJ, Chen G. Lithium
at 50: have the neuroprotective effects of this
unique cation been overlooked? Biol Psychi-
atry 1999;46:929-40.
78. Avissar S, Schreiber G, Danon A, Bel-

maker RH. Lithium inhibits adrenergic and
cholinergic increases in GTP binding in rat
cortex. Nature 1988;331:440-2.
79. Shaldubina A, Agam G, Belmaker RH.
The mechanism of lithium action: state of
the art, ten years later. Prog Neuropsych-
opharmacol Biol Psychiatry 2001;25:855-
66.
80. Klein PS, Melton DA. A molecular mech-
anism for the effect of lithium on develop-
ment. Proc Natl Acad Sci U S A 1996;93:
8455-9.
81. Massot O, Rousselle JC, Fillion MP, Jan-
uel D, Plantefol M, Fillion G. 5-HT1B recep-
tors: a novel target for lithium: possible
involvement in mood disorders. Neuropsy-
chopharmacology 1999;21:530-41.
82. Dixon JF, Hokin LE. Lithium acutely
inhibits and chronically up-regulates and
stabilizes glutamate uptake by presynaptic
nerve endings in mouse cerebral cortex. Proc
Natl Acad Sci U S A 1998;95:8363-8.
83. Catterall WA. From ionic currents to
molecular mechanisms: the structure and
function of voltage-gated sodium channels.
Neuron 2000;26:13-25.
84. Chen G, Zeng WZ, Yuan PX, et al. The
mood-stabilizing agents lithium and val-
proate robustly increase the levels of the
neuroprotective protein bcl-2 in the CNS.
J Neurochem 1999;72:879-82.
85. Williams RS, Cheng L, Mudge AW, Har-
wood AJ. A common mechanism of action
for three mood-stabilizing drugs. Nature
2002;417:292-5.
Copyright © 2004 Massachusetts Medical Society.

view current job postings at the nejm careercenter 

Visit our online CareerCenter for physicians at www.nejmjobs.org to see the ex-
panded features and services available. Physicians can conduct a quick search of the 
public data base by specialty and view hundreds of current openings that are updated 
daily online at the CareerCenter.

The New England Journal of Medicine 
Downloaded from nejm.org by Christian Chaler on January 24, 2012. For personal use only. No other uses without permission. 

 Copyright © 2004 Massachusetts Medical Society. All rights reserved. 


