
© 2021 CMA Joule Inc. or its licensors 	 CMAJ  |  AUGUST 30, 2021  |  VOLUME 193  |  ISSUE 34	 E1345

A 54-year-old woman presented to the emergency depart-
ment with a 2-day history of altered mental status, 
weakness and involuntary movements. Her medical his-

tory included bipolar I disorder, which had been diagnosed 
32  years previously. Her prescribed medications were lithium 
carbonate 900 mg (sustained-release preparation) orally daily, 
risperidone 3 mg orally daily, benztropine 1 mg orally daily and 
lorazepam 0.5 mg orally daily as needed. Her lithium dose had 
been stable for many years, and there was no history of acute 
overdose or dosing error. She was not taking any over-the-
counter medications or other substances.

On examination the patient was afebrile, her blood pressure 
was 101/54 mm Hg, and heart rate was 110 beats/min and regu-
lar. Her mental status was altered, with a Glasgow Coma Scale 
score of 10 (E4 V2 M4). She had a coarse tremor and hyperreflexia 
with inducible ankle clonus bilaterally. Her extraocular move-
ments were normal, with no nystagmus. There were no focal 
neurologic abnormalities. She had evidence of intravascular vol-
ume depletion with a low jugular venous pressure.

Investigations showed random blood glucose 7.6 (normal 3.8–
7.7) mmol/L; sodium 146 (normal 135–145) mmol/L; potassium 
4.0  (normal 3.2–5.0) mmol/L; creatinine 115 (normal 50–98) 
µmol/L with an estimated glomerular filtration rate (eGFR), 46 mL/
min/1.73 m2 (normal renal function was documented 2 years previ-
ously with creatinine 89 µmol/L and eGFR 64 mL/min/1.73 m2). A 
12-lead electrocardiogram showed normal sinus rhythm, precor-
dial T-wave inversions and a prolonged QTc interval of 533 ms 
(Figure 1). No acute intracranial abnormality was seen on 
unenhanced computed tomography scan of the head. The 
patient’s serum lithium level was 1.50 mmol/L (normal therapeutic 
range 0.50–1.20  mmol/L). Because of our patient’s neurologic 
symptoms, electrocardiogram findings and mildly elevated serum 
lithium level, we diagnosed chronic lithium toxicity.

We stopped the lithium and gave the patient isotonic intra-
venous fluids. After 48 hours, her serum lithium level decreased 
to 0.40  mmol/L, but rebounded to 1.30 mmol/L on day 3 of 
admission despite ongoing administration of intravenous fluid. 
During this time, there was no improvement in the patient’s 
mental status. We consulted the regional poison centre and the 
nephrology service, and initiated hemodialysis. After 8 hours of 
sustained low-efficiency hemodialysis, her level of conscious-
ness improved and her serum lithium levels were undetectable. 

Levels were monitored for 48 hours and remained undetect-
able. She had good neurologic recovery over the course of her 
hospital stay. One week after admission, after we discontinued 
intravenous fluids, we noted that she had persistent hyper
natremia, polyuria with urine output of 3 L/d and dilute urine 
with urine osmolality 102 mmol/kg. We gave her desmopressin 
without response. We diagnosed lithium-induced nephrogenic 
diabetes insipidus; in retrospect, this was the likely precipitant 
for her toxicity owing to intravascular volume depletion, which 
caused acute kidney injury and impaired lithium excretion. We 
initiated her on amiloride 10 mg orally daily to treat the neph-
rogenic diabetes insipidus, and her serum osmolality, polyuria 
and sodium levels normalized. We consulted the psychiatry ser-
vice and began treatment with valproic acid to manage her 
bipolar I disorder.

Discussion

In 2019 in the United States, 7085 toxic lithium exposures were 
documented.1 This refers to substantial exposures that may have 
resulted in a clinical outcome of at least moderate severity.1 Of 
these, 22% resulted in serious clinical consequences, including 
4  deaths.1 Lithium has a narrow therapeutic index and a wide 
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Key points
•	 Lithium is a commonly used medication that has a narrow 

therapeutic index and may lead to important toxicity that can 
be acute, chronic, or acute on chronic.

•	 Serum lithium levels are only 1 factor to help guide diagnosis 
and management, and clinically important chronic toxicity can 
occur in patients with minimally elevated serum levels.

•	 Early involvement of the regional poison centre is important in 
helping to guide management, including the decision to begin 
hemodialysis.

•	 Lithium rebound may occur after hemodialysis; serum levels 
should be measured every 4 hours until at least 12 hours after 
cessation of hemodialysis, ensuring the decline in levels is 
persistent.

•	 The syndrome of irreversible lithium-effectuated neurotoxicity 
(SILENT) is an uncommon complication of lithium toxicity 
involving persistent and predominantly cerebellar dysfunction.
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range of toxicities. It is an effective and widely prescribed ther-
apy for bipolar disorder and is also used off label for other 
psychiatric disorders.2 It is available in both immediate-release 
and sustained-release preparations.2 The recommended thera-
peutic range varies with patient age, owing to age-related 
changes in renal function and increased prevalence of poly
pharmacy and drug interactions.2 Lithium is an inorganic 
monovalent cation with a small molecular weight of 7 Da.3 It is 
rapidly absorbed, not protein bound, has a low volume of dis
tribution between 0.6 and 0.9 L/kg, and is freely excreted 
unchanged via the kidneys.3

The clinical manifestations of lithium toxicity depend on whether 
the exposure is acute, chronic, or acute on chronic (Table 1).

Acute lithium toxicity
Acute lithium toxicity refers to the ingestion of lithium by a 
patient who is lithium naive, without any pre-existing tissue bur-
den.4 This typically occurs in the context of overdose.4 In acute 
toxicity, gastrointestinal symptoms are prominent, including 
nausea, vomiting, and diarrhea.3 Although neurologic symptoms 
may occur, they are often mild or delayed because distribution 
into the brain can take up to 24  hours after ingestion.3 Electro-
cardiographic abnormalities may be seen, including T-wave 
inversion, QT interval prolongation, ST segment depression and 
bradycardia, although substantial cardiac toxicity is uncom-
mon.3 Acute lithium toxicity has also been associated with sero-
tonin syndrome.5

Figure 1: Electrocardiogram of a 54-year-old woman with chronic lithium toxicity, showing normal sinus rhythm, precordial T-wave inversions, and a 
prolonged QTc interval of 533 ms.

Table 1: Clinical features of lithium toxicity

Pattern of exposure Clinical features

Acute •	 Gastrointestinal: nausea, vomiting, diarrhea

•	 Neurologic: mild and delayed

Chronic •	 Neurologic: tremor, hyperreflexia, myoclonus, weakness, ataxia, rigidity, dysarthria, nystagmus, altered level of 
consciousness, seizures

•	 Renal: nephrogenic diabetes insipidus, chronic tubulointerstitial nephropathy

•	 Endocrine: hypothyroidism, hyperthyroidism, hyperparathyroidism, hypercalcemia

•	 Syndrome of irreversible lithium-effectuated neurotoxicity (SILENT)

Acute-on-chronic •	 Features of both acute and chronic toxicity

•	 Prominent gastrointestinal and neurologic manifestations

Any •	 Cardiac: electrocardiogram changes (T-wave inversions, QT prolongation, ST segment depression, sinus node 
dysfunction, bradycardia), rarely dysrhythmias
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Chronic lithium toxicity
Chronic toxicity occurs in patients maintained on lithium who 
have an established tissue burden, and then develop a condition 
that impairs renal lithium elimination by reducing glomerular fil
ttration or increasing proximal tubule reabsorption.4 Common 
risk factors include volume depletion and concomitant use of 
nephrotoxic medications.4 In chronic toxicity, the manifestations 
are largely neurologic, including tremor, hyperreflexia, myo
clonus, ataxia and nystagmus.3 A spectrum of alteration in mental 
status may occur, ranging from agitation and confusion to coma 
and seizures.3 Renal complications include chronic tubulointersti-
tial nephropathy and nephrogenic diabetes insipidus.6 Nephro-
genic diabetes insipidus is common among those on chronic 
lithium therapy and can lead to intravascular volume depletion 
and acute kidney injury, predisposing patients to accumulation of 
lithium, as was suspected in our patient.6 Electrocardiographic 
abnormalities may also be seen in chronic toxicity.3

Acute-on-chronic lithium toxicity
Acute-on-chronic toxicity refers to the ingestion of lithium 
beyond the patient’s maintenance dose.4 In acute-on-chronic 
toxicity, patients may have mixed clinical features, including 
prominent neurologic and gastrointestinal symptoms.3

Management of lithium toxicity
Serum lithium concentrations do not reliably correlate with the 
clinical severity of toxicity.3 Our patient had severe lithium tox
icity with a minimally elevated serum level. This is often seen in 
chronic lithium toxicity owing to pre-existing lithium accumula-
tion in the brain and peripheral tissues.3 Mild acute illness result-
ing in changes in renal function can create conditions for chronic 
toxicity in patients being treated with lithium.4 Therefore, regard-
less of the serum lithium level, clinicians should maintain a high 
degree of suspicion for chronic lithium toxicity with any clinical 
change in a patient on long-term lithium therapy.

The management of lithium toxicity involves supportive care, 
specifically protecting the airway if the patient has altered men-
tal status, discontinuation of lithium exposure and enhancement 
of renal elimination.4 Early involvement of the regional poison 
centre is important to help guide management. There is no anti-
dote to lithium toxicity. Although there is no role for activated 
charcoal, as it does not adsorb lithium, clinicians may consider 
whole-bowel irrigation, particularly in patients who have 

ingested sustained-release preparations, provided there are no 
contraindications.3

The most important component of management is isotonic 
intravenous fluid administration to improve the GFR and facili-
tate renal elimination.4 Failing this, extracorporeal treatment 
with hemodialysis is highly effective at removing lithium owing 
to its pharmacokinetic properties, including its small molecular 
weight and low volume of distribution.4 Although the question of 
when to offer hemodialysis to patients with lithium toxicity has 
been explored at length, the specific recommendations for its 
use vary substantially. This likely reflects the lack of strong evi-
dence and the heterogeneity of the clinical presentation in 
patients with lithium toxicity.4,7 In general, the patient’s clinical 
status, renal function and serum lithium concentration are con-
sidered when deciding whether hemodialysis should be offered. 
In 2015, the Extracorporeal Treatments in Poisoning Workgroup 
proposed a set of indications for hemodialysis in lithium toxicity, 
recognizing the limited available evidence (Table 2).8

Lithium rebound refers to a phenomenon in which serum lith-
ium concentrations increase after initially decreasing.8 This 
occurs most commonly after cessation of intermittent hemodialy-
sis in patients being treated for chronic lithium toxicity.8 The 
blood compartment is rapidly cleared first as lithium is removed, 
owing to its low volume of distribution; however, transcellular 
shift and slow diffusion of lithium out of tissues can result in a 
rebound phenomenon.9 Lithium rebound may also occur when a 
sustained-release preparation has been ingested because of 
ongoing absorption.9 In our case, lithium rebound was observed 
after treatment with intravenous fluid resuscitation alone, before  
the patient underwent hemodialysis. It is important to ensure 
that serum lithium levels are consistently decreasing or undetect-
able before determining that no further treatment is required. For 
this reason, it is recommended that levels be measured every 
4 hours until at least 12 hours after cessation of hemodialysis.8

Finally, an important complication of lithium poisoning is pro-
longed neurologic dysfunction.4 The syndrome of irreversible 
lithium-effectuated neurotoxicity (SILENT) is characterized by 
persistent neurologic changes despite withdrawal of lithium 
therapy for at least 2 months.10 The manifestations of SILENT are 
largely cerebellar and may include tremor, nystagmus and dys
arthria, among others.10 It remains unclear whether early or 
aggressive hemodialysis prevents SILENT, and what specific risk 
factors predispose to this condition.10

Table 2: Extracorporeal Treatments in Poisoning Workgroup indications for hemodialysis in lithium toxicity8

Indication
Strength of 

recommendation Serum lithium concentration Clinical features

Hemodialysis 
initiation

Recommended > 4.0 mmol/L with abnormal GFR Decreased level of consciousness, seizures or life-threatening 
dysrhythmias

Suggested > 5.0 mmol/L Confusion, or lithium level not expected to fall to < 1.0 mmol/L 
within 36 h with optimal management

Hemodialysis 
cessation

Recommended < 1.0 mmol/L Clinical improvement apparent (minimum 6 h of hemodialysis if 
serum lithium levels not available)

Note: GFR = glomerular filtration rate.
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Lithium is a commonly prescribed medication with a narrow 
therapeutic index and may cause acute, chronic and acute-on-
chronic toxicity. The diagnosis of lithium toxicity should not rely 
solely on serum levels. Treatment is largely supportive, with atten-
tion to optimizing renal elimination, although hemodialysis may be 
indicated. Our patient required treatment with hemodialysis despite 
aggressive fluid resuscitation. She subsequently recovered and has 
remained well since discharge from hospital.
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