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Lithium carbonate is used extensively to treat bipolar
affective disorders, but it has a narrow therapeutic
range and several well recognised manifestations of
toxicity. We describe a patient who presented with
acute behavioural disturbance as the only symptom of
severe lithium toxicity. We review the mechanisms of
lithium toxicity and the management of acute and
chronic intoxication.

Case history
A 41 year old American woman with longstanding

manic depression first presented to doctors in Britain
when she was refused permission to board an aircraft
because of abnormal behaviour. She was admitted
directly to a psychiatric hospital with presumed
exacerbation of her mental illness. Her plasma lithium
concentration was found to be 4-8 mmol/l (therapeutic
range 0 6-1 -2 mmol/1), and she was transferred for
treatment.
Her husband gave the following history. She had

been travelling in Europe for four weeks and, though
initially well, had developed diarrhoea and vomiting,
lasting five days, one week before presentation. She
subsequently underwent a change in behaviour,
becoming irritable and anorectic with rapid mood
swings and fragmented sleep. Her husband, believing
this to be a recurrence of her manic depression,
administered 600 mg of lithium a day for five days in
addition to her normal dose of 2 -1 g/day. On the day
before presentation she had become ataxic and increas-
ingly uncommunicative and unresponsive to those
around her.
Her only medical history was of manic depression

since early adulthood. During the nine years before her
admission, however, this had been well controlled by
lithium carbonate and, apart from two episodes of
biochemical toxicity in the past year, her lithium
concentrations were maintained within the therapeutic
range. She had also had polyuria and polydipsia for
about three years.
On examination she was dehydrated, with a central

venous pressure of -1 cm and a resting sinus tachy-
cardia. She was stuporous, vocalising, and opening her
eyes only to pain. Her pupils were equal and normally
reactive to light, but her eyes were deviated conjugately
to the right. No other cranial nerve abnormality was
detected, and examination of the fundi gave normal
results. She was flexing her limbs only to pain and had
marked neck stiffness and hypertonia; limb movements
were symmetrical. She was not hyperreflexic, and
plantar stimulation led to brisk withdrawal bilaterally.
Urine analysis gave normal results and urine micro-
scopy showed no sediment.

Investigations showed neutrophilia (white cell
count 17 9 x 10 VIl), raised plasma sodium (153 mmol/
1) and creatinine (300 mmol/1) concentrations, and a
raised plasma osmolality (349 mmol/kg serum water).
Lumbar puncture, performed at the referring hospital,
showed no biochemical or microbiological abnormality
of the cerebrospinal fluid.
The clinical diagnosis was acute renal failure second-

ary to a combination of dehydration and lithium
intoxication, and subsequently lithium toxicity was
manifest by her impaired renal and central nervous
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systems. She was given haemodialysis, supportive
therapy with intravenous fluids, and total parenteral
nutrition. Her plasma lithium concentration fell with
each haemodialysis, although it continued to rise
between each haemodialysis (figure). Her serum
creatinine concentration fell after dialysis and with
rehydration thereafter remained within the normal
range. After initial oliguria, however, she began to
produce progressively larger volumes of urine and her
serum sodium concentration, which had also fallen with
rehydration, began to rise again despite active intra-
venous fluid replacement. Although her sodium
concentration gradually returned to normal she con-
tinued to produce large volumes of urine, ranging
between 8 and 101 a day; this did not abate when fluid
replacement was temporarily stopped.
Her conscious level deteriorated after admission,

reaching a nadir on the fourth day in hospital, when her
only response was of extension to pain, and recovered
again slowly over the next 20 days. At the time of
discharge she was able to sit for short periods unaided,
could respond appropriately to commands, but had
poor control of her limb movements. She occasionally
spoke in short sentences, though was mostly in-
coherent.

During her admission she showed a series oftransient
abnormal signs, including extensor posturing, hyper-
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tonicity and hyperreflexia, unilateral extensor plantar
responses, conjugate deviation of the eyes to both
sides, anisocoria, and one episode of bilateral fixed
dilated pupils. Two computed tomograms of her head,
taken because of the above physical signs, appeared
normal. Magnetic resonance imaging was attempted
but was unsuccessful because the patient moved during
scanning. She was transferred back to the United
States at the request of her family before she was ready
for final discharge; arrangements were made for her to
be admitted to a hospital directly on arrival.

Comment
In 1897 Lange described the therapeutic effect of

lithium on periodic depression,' and Cade, in 1949,
described a similar therapeutic effect in acute mania.2
Lithium is now commonly used in the prophylaxis of
unipolar and bipolar affective disorders and occasion-
ally for treating acute mania; its mode of action is
uncertain. It interferes with several cation transport
processes and is known to alter neurotransmitter
concentrations in the central nervous system and to
inhibit adenylate cyclase and inositol phosphate intra-
cellular secondary messenger systems.'

Apart from deliberate ingestion of lithium by people
intending to commit suicide the usual cause of intoxi-
cation is acute water and electrolyte disturbance in
patients receiving long term treatment with lithium, as
in this case. Acute lithium intoxication is characterised
mainly by central nervous system and renal effects,
although a wide range of body systems are affected in
patients taking lithium for long periods.

At concentrations in excess of 1 5 mmol/l patients
become ataxic, hypertonic and hyperreflexic, dysar-
thric, and confused. A coarse tremor and muscle
fasciculation are common. At lithium concentrations
greater than 3 mmoIIl patients may progress to seizures,
coma, and irreversible brain damage. A wide range of
transitory phenomena have been described at these
serum concentrations, including unilateral extensor
plantar responses, anisocoria, and conjugate deviation
of the eyes.4 Though lithium has a relatively high
volume of distribution and is concentrated in the white
matter of the brain, it moves only slowly in and out of
the intracellular compartment. Hence, a patient who
takes an overdose of lithium will not show central
nervous system side effects if the lithium is removed
early and, conversely, signs may persist in a chronically
intoxicated patient despite falling serum lithium
concentrations.

In patients taking lithium long term, concentrations
in the therapeutic range are associated with poor
memory, fatigue, loss of concentration, and a fine
tremor. Lithium accumulates in the distal tubular cells
of the kidneys at a concentration 10 to 20 times that in
serum, and in toxic serum concentrations it is associated
with degenerative changes and necrosis of the tubular
cells. Chronic treatment with lithium commonly
produces a defect in the concentrating ability of the
kidney due to inhibition of cyclic AMP generation by
antidiuretic hormone at the distal tubule, lithium
probably acting through adenylate cyclase and possibly
also at a point distal to cyclic AMP generation5; 30-90%
of patients show a lowered maximum urine osmolality.4
This defect occurs within 24 hours, and renal biopsy
specimens taken within days after lithium treatment is
started show accumulation ofglycogen in the distal and
collecting tubules.67 Impairment in concentrating
ability sufficient to cause polyuria and polydipsia is less
common, occurring in 25-40% of patients usually after
more than two years of treatment.4 Both the con-
centrating impairment and glycogen deposition
disappear rapidly once lithium is discontinued. In a
few patients, however, these symptoms do not improve,

and chronic renal impairment with biopsy specimens
showing interstitial lesions and glomerulosclerosis
have been described.78 The impairment in concen-
trating power, exacerbated by direct tubular damage in
lithium intoxication, makes adequate fluid replacement
essential in the supportive treatment of intoxicated
patients.

Haemodialysis is now accepted as the treatment of
choice for serum lithium concentrations in excess of
3 5 mmolUl or in a clinically unstable patient. Lithium
is easily removed by dialysis, but because of its slow
movement between compartments its intracellular
concentration falls slowly and serum concentrations
may rise after haemodialysis as further lithium moves
out of the intracellular compartment (as seen in
our patient). Current recommendations state that
haemodialysis should be continued until lithium
concentrations are consistently below 1 mmol/l after
equilibrium has been established. Peritoneal dialysis
can be used as an alternative if haemodialysis is not
available, but its clearance of lithium is only roughly
15 ml/min compared with 50 m/min for haemodialysis.
Forced diuresis with saline or osmotic diuretic has also
been used but is associated with further disturbances in
electrolytes and fluid balance.9
Some severely intoxicated patients will die in

the acute phase. The acute renal toxicity is usually
transitory, although nephrogenic diabetes insipidus
may persist. Problems with short term memory are
common but may resolve over the next 6 to 12 months.
However, severely intoxicated patients have shown
persistent cerebellar damage with, for example, tremor,
ataxia, and dysarthria; persisting basal ganglia
problems have also been described.'0 These severe
effects underline the importance of both rapid and
adequate treatment of lithium toxicity and also pre-
vention by good education for patients and their
families concerning the signs and symptoms ofincipient
intoxication.

Discussion
CDP: We presented this clinical case because it

shows the potential toxicity of lithium. There is little
doubt that our patient's renal failure was due to lithium
and was precipitated, as are most reported cases,
by concomitant salt and water depletion from her
diarrhoea. Because she was obligatorily polyuric the
salt and water depletion was more severe than that
which the diarrhoea alone would have caused, leading
to further accumulation of lithium and eventually
causing acute tubular necrosis. Accumulation of
lithium was exacerbated because her husband inter-
preted the mood change as being a recurrence of her
depressive illness and increased the dose.

In the acute phase of lithium toxicity treatment
results in complete recovery. Much more complex is
the problem of the long term effects of lithium and in
particular whether it is possible to continue lithium in
patients who have mild renal impairment with diabetes
insipidus. With regard to reduction in glomerular
filtration rate some series show such a reduction but
others, using case matched controls, show no renal
impairment. In our patient the decision to restart
lithium would be governed largely by the indications
from the point of view of her psychiatric disorder.
SRB: Does the slow functional recovery reflect slow

clearing of lithium from the central nervous system or
does it reflect permanent neurological damage?
RSJF: Only about one third of such patients fully

recover, permanent damage being reported in a third
and an incomplete recovery in the remainder, although
many series reporting toxicity are in patients also
receiving neuroleptic drugs. In addition, some patients
receiving lithium present with an axonal neuropathy so
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that lithium toxicity may in some cases resemble
poisoning with other heavy metals. In this case I am
interested to know ifyou think the rapid rise in sodium
concentration may have led to brain stem complications
such as central pontine myelinolysis and whether part
of her clinical state may have been the consequence of
hypernatraemia. Hypernatraemia over 160 mmol/l can
produce such severe parenchymal shrinkage that
parenchymal or subdural haemorrhages occur.
CDP: There were two occasions when her sodium

concentration was very high. The first time was on
admission when she was oliguric and had evidence of
acute tubular necrosis and the only available treatment
was haemodialysis; this rapidly restored serum sodium
concentration towards normal. The second occasion
was when she became polyuric, and on this occasion
her serum sodium concentration rose from about
140 mmol/I to 150 mmol/1 despite fluid replacement
sufficient to maintain a normal central venous filling
pressure.
RSJF: Magnetic resonance imaging, if available, can

be particularly useful in such cases because this is a
sensitive method of showing brain stem abnormalities
that are difficult to image with other techniques.

JG: This was attempted, but because of difficulty in
cooperation we were unable to obtain images of
sufficient quality.
SRB: We have little evidence for any destructive

lesion within the central nervous system. Do you think
that a sodium concentration of 157 mmol/I would be
sufficient to account for the neurological abnormalities?
RSJF: The rate of change seems to be of greater

importance than the absolute concentration and, in
particular, rises from low to high sodium concentrations
result in central pontine myelinolysis."
SRB: How is lithium handled by the kidney?
CDP: Lithium is filtered completely at the glome-

rulus and absorbed within the proximal tubule such
that lithium clearance is approximately 30% of
creatinine clearance. Its predominant toxicity is to the
distal tubule and is related in part to effects on the
inhibition of adenylate cyclase and the generation of
cyclic AMP. This inhibition promotes glycogen
accumulation and glycogen can be seen clearly in the
distal tubules on renal biopsy. Glycogen deposition
causes tubular dysfunction and, later, tubule loss and
scarring. At doses in the toxic range lithium may also
affect the proximal tubule. Therefore, low dose (and
usually chronic) toxicity is associated with distal
tubular abnormalities and high dose toxicity is
characteristically manifest as proximal tubular damage,
when a prerenal effect is often also seen.
SRB: Lithium is clearly effective in treating bipolar

affective disorders, but what is the best guess about the
principal mechanism of action?
JMcD: Lithium inhibits numerous enzymes that are

magnesium dependent, of which adenylate cyclase is
but one. I think the antipsychotic effects are more
likely to be mediated through inhibition of inositol 1-
phosphatase. We heard earlier that inositol 1,4,5-
trisphosphate is a secondary intracellular messenger,
and inositol phosphates are recycled back into lipid;
this process does not occur normally in the presence of
high concentrations of lithium. Lithium seems to be
uniquely effective for treating affective disorders,
hence its continued use despite a fairly high incidence
of acute and chronic toxicity. I am interested to learn
that the patient's serum calcium concentration re-
mained within the normal range throughout her illness

because lithium inhibits the action of parathyroid
hormone in both kidney and bone.
PFL: Could I turn to a practical point, well illustrated

by this patient, and a common difficulty in psychiatric
practice? Patients with psychiatric disorders often
need to take drugs for prolonged periods, and education
about treatment is therefore essential. This case
emphasises the danger of self treatment with lithium.
It is important to educate a patient and his or her
partner or family member about this before starting
lithium treatment.
SRB: Would you continue lithium treatment after

nine years without relapse?
PFL: Possibly not. The future concerning treatment

in our patient is a finely balanced judgment of benefit
and risk. Factors that would influence this decision
include the severity of her affective disorder before
treatment and any evidence for minor subclinical
illness during the nine years she had been receiving
lithium.
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Update box for Oxford Handbook of
Clinical Medicine (2nd ed), p 444

Prophylaxis against meningococcal
infection after meningitis exposure
Offer prophylaxis against meningococcal infection to
* Household or nursery contacts of patients with
meningitis-that is, those who have had prolonged
exposure within droplet range
* People who have kissed the patient's mouth.
There is probably no need to give prophylaxis to

medical or paramedical staff.
Give rifampicin (600 mg/12 h by mouth for two days;

children ¢1 year 10 mgtkgIl2 h; <1 year 5 mg/kg/12 h)
or ciprofloxacin (500 mg by mouth, one dose). Neither
drug is guaranteed to be safe in pregnancy, but
such a short course is unlikely to be harmful and
is recommended.' Vaccination (meningococcal
polysaccharide vaccine, Mengivac (A+C)) protects
from group A and C strains and may be used for school
contacts or for travellers to endemic areas.

Further advice is available in the United Kingdom by
telephone (061 445 2416). -J M LONGMORE

Principal source
I Preventing meningococcal infection. Drugs Ther Bull 1990;28:34-6.

Anyone may submit an update box; all boxes are peer
reviewed.
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