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Abstract
Lithium is used for the treatment of bipolar disorders; however, as lithium is renally excreted, it accumulates, with loss of 
renal function. We describe a patient with bipolar disorder, a long history of lithium use, and chronic kidney disease (CKD) 
who developed lithium intoxication following an intentional overdose with multiple drugs. The patient was taken by ambu-
lance to the hospital emergency department and arrived there approximately 4 h after assumed ingestion. When toxicology 
screening was performed, the patient was found to have a lithium concentration of 2.7 mmol/L. Continuous venovenous 
hemofiltration (CVVH) was started, but lithium concentrations continued to rise. Intermittent hemodialysis (iHD) was 
therefore introduced and continued until lithium concentrations dropped below 2.0 mmol/L. Lithium intoxication was not the 
initial focus of treatment, but, in retrospect, was the primary cause for admission. This case report shows that CVVH is an 
insufficient technique to remove lithium as concentrations continued to increase during its use. iHD should be used instead 
of CVVH and, especially in CKD patients, should be introduced immediately when lithium concentrations are > 2.5 mmol/L.

Introduction

Lithium is frequently prescribed for the treatment and 
prophylaxis of bipolar disorder and manic periods. It is a 
small compound (7 Da) with a volume of distribution of 
0.69–0.70 L/kg. Despite its rapid absorption, diffusion of 
lithium to the brain and cerebrospinal fluid takes approxi-
mately 24 h [1, 2].

Extended-release (ER) formulations of lithium carbonate 
are most frequently prescribed in dosages of 400–1200 mg/
day. Lithium is excreted through glomerular filtration and 
70–80% of this amount is reabsorbed in the proximal tubulus 
and loop of Henle. Overall, the majority of the administered 

dose (90–95%) is excreted by the kidneys. As a result, lith-
ium accumulates with a loss of renal function [1, 2]. There-
fore, in patients with decreased renal function or chronic kid-
ney disease (CKD), lithium concentrations increase, causing 
adverse effects or even toxicity as lithium can no longer be 
cleared from the body. However, whether lithium also causes 
renal toxicity itself is still under debate [3].

Therapeutic concentrations of lithium range from 0.4 to 
1.2 mmol/L depending on the population and indication [3]. 
Acute lithium toxicity is reported in patients with plasma 
concentrations of > 1.5 mmol/L [3], whereas chronic tox-
icity can also occur with concentrations of < 1.5 mmol/L. 
Intoxication with lithium predominantly affects the central 
nervous system (CNS). Symptoms of mild toxicity include 
drowsiness, nausea, vomiting, tremor, hyperreflexia, agita-
tion, muscle weakness, and ataxia. In more severe cases, 
coma, convulsions, myoclonus, bradycardia, hypotension, 
arrhythmia, and ventricular and atrial fibrillation have been 
reported [5].

In this case report, we describe a patient with CKD 
and lithium intoxication, in whom lithium concentrations 
increased despite receiving extracorporeal treatment. The 
patient was taking lithium chronically for bipolar disor-
der but, due to an intentional overdose of lithium (acute-
on-chronic intoxication), lithium intoxication occurred. 
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Informed consent for this case report was obtained from the 
patient.

Case Report

A 39-year-old female (1.67 m, 88 kg) was found after an 
intentional overdose. The patient was taken to the hospital by 
ambulance and presented, presumably, 4 h after drug intake. 
Based on empty medication blisters, it was suspected that 
the patient took the following drugs: temazepam 300 mg, 
olanzapine 200 mg, valproic acid 19 g, amiloride 450 mg, 
and colecalciferol 8000 IU. The patient was also receiving 
treatment with lactulose, atorvastatin, levothyroxine, venla-
faxine, budesonide, and calcium supplements.

According to her medical history, the patient had been 
taking lithium since 1996 to treat bipolar disorder. Lithium 
treatment was discontinued in 2009 because of the develop-
ment of CKD, triggered by a decade of lithium use. Despite 
CKD, from 2011 to 2018, the patient was periodically on 
and off lithium therapy due to worsening of her bipolar dis-
order or CKD, respectively. During these years, the patient 
was treated by both a psychiatrist and a nephrologist. At 
presentation at the hospital emergency department, we 
assumed that the patient was no longer taking lithium, and 
did not have lithium at her disposal.

In the emergency department, the patient had Glas-
gow Coma Scale eye, motor, and verbal scores of 1, 4, 
and 2, respectively. She was tachypnoeic, had tachy-
cardia (106 beats/min) and a blood pressure reading of 
141/87 mmHg, and was disorientated. Her estimated glo-
merular filtration rate (eGFR; calculated using the Modifica-
tion of Diet in Renal Disease [MDRD] formula) was 31 mL/
min. Symptomatic treatment with 500 mL of 0.9% sodium 
chloride was started, and urine tests for drugs of abuse and 
toxicology plasma screens were performed. Plasma con-
centrations of valproic acid, olanzapine, and lithium were 
quantitatively measured (Table 1).

When the results came back from the laboratory, sur-
prisingly the plasma lithium concentration was 2.7 mmol/L 
(Table 1). However, this was consistent with the medical 
history as given by her partner, who arrived later, as empty 
blisters for 45 ER tablets of lithium 400 mg were found. 
Meanwhile, the patient was transferred to the intensive care 
unit (ICU), where continuous venovenous hemofiltration 
(CVVH) was started 7.5 h after assumed ingestion, with 
lithium intoxication expected to be ‘mild’ in combination 
with neurological symptoms. During the night, the patient 
had severe diarrhea and therefore total bowel irrigation was 
not considered.

Despite the use of CVVH, lithium concentrations con-
tinued to increase (Fig. 1, Table 1). Therefore, intermit-
tent hemodialysis (iHD) was started 21 h after assumed 

ingestion, and was continued until a lithium concentration 
of 2.0 mmol/L was achieved, which required 8 h of iHD. 
CVVH was then started again and continued for approxi-
mately 24 h (Fig. 1). The neurological symptoms of lith-
ium toxicity disappeared with implementation of iHD. The 
patient was discharged from the ICU after 6 days, once we 
were sure that rebound toxicity would not occur, and stayed 
in a hospital ward for an additional 5 days.

Discussion

In this case report, we describe a patient with bipolar dis-
order, a long history of lithium use, and CKD who devel-
oped lithium intoxication. Despite extracorporeal treatment, 
lithium concentrations increased during hospital admission.

At presentation, the patient’s neurological symptoms 
were thought to be primarily caused due to intoxication with 
valproic acid and olanzapine as the patient had ingested large 
amounts of these drugs. The main risk of valproic acid intox-
ication is CNS depression, which is treated mostly sympto-
matically. Because of the co-ingestion of temazepam, the 
risk of convulsions in our patient was low. We did not find 
substantial concentrations of olanzapine (Table 1). Another 
of the co-ingested drugs, amiloride (a potassium-sparing 
agent), is among the diuretic agents that do not influence 
lithium plasma concentrations. Therefore, this was not the 
cause of the high lithium concentrations measured in our 
patient.

The lithium concentration did not decrease during 
CVVH therapy (Fig. 1). According to the Dutch guide-
lines, to remove lithium, iHD is recommended over 
CVVH in patients with CKD and lithium concentrations of 
2.5–4.0 mmol/L [2]. Despite this recommendation, we did 
not introduce iHD immediately; CVVH was started based 
on her neurological condition. Because of this, we do not 
believe that the patient was mistreated.

Based on the neurological symptoms of the patient and 
the recollections of the patient’s partner, the lithium intoxi-
cation was classified as an acute poisoning, in which the 
distribution of lithium to the extracellular compartments is 
limited. Therefore, the increase in lithium concentrations 
during treatment with CVVH was unexpected, and more fits 
an acute-on-chronic lithium intoxication.

The rise of lithium concentrations is most likely explained 
by increased lithium absorption. Intoxication with lithium 
can delay the time to maximum plasma concentrations by up 
to 72 h [4], especially when ER tablets are ingested, as they 
were by our patient. However, the role of delayed absorption 
is uncertain as the patient suffered from diarrhea during the 
night. The diarrhea could have been caused by the lithium 
intoxication itself or by the concomitant use of medications 
such as lactulose. Diarrhea could also cause dehydration, 
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Table 1  Laboratory values and test results in our patient

eGFR estimated glomerular filtration rate, MDRD Modification of Diet in Renal Disease
a Reference values are laboratory-specific. These reference values are used by the laboratory of the Isala Hospital, Zwolle, The Netherlands
b Drugs measured using a qualitative assay. No references values are available. Only positive (drug found in the blood) or negative (no drug 
found in the blood) results are reported

Laboratory parameter Values in the patient (reference  valuea)

Hemoglobin, mmol/L 9.6 (7.5–10.0)
pH arterial 7.41 (7.35–7.45)
pCO2 arterial, kPa 4.7 (4.7–6.4)
pO2 arterial, kPa 6.5 (9.3–13.3)
Sodium, mmol/L 144 (135–145)
Potassium, mmol/L 4.8 (3.5–5.0)
Urea, mmol/L 5.0 (1.8–6.4)
Creatinine, µmol/L 161 (50–90)
eGFR (calculated with MDRD), mL/min/1.72 m2 31 (> 60)
Lactate, mmol/L 2.4 (0.5–2.2)

Drug concentrations Test result (therapeutic range) No. of hours after 
ingestion

Tested in urine
Benzodiazepinesb Positive 4
Amphetaminesb Not detectable 4
Cannabinoidsb Not detectable 4
Cocaineb Not detectable 4
Methadoneb Not detectable 4
Opiatesb Not detectable 4
γ-hydroxybutyrate (GHB) < 25 4
Barbiturates Not detectable 4
Tested in plasma
Ethanol, 0/00 < 0.1 4
Acetaminophen, mg/L < 5 (10–20) [6] 4
Tricyclic antidepressant  agentsb Not detectable 4
Venlafaxine, µg/L < 50 (100–400) [6] 4
Valproic acid, mg/ 170 L (50–120) [6] 4
Olanzapine, µg/L 68 (20–80) [6] 4
Lithium concentrations in plasma, mmol/L (therapeutic range 0.6–1.2) [4, 6]

2.7 4
3.8 7.5
5.7 18
6.0 21
3.7 24.5
3.7 26.5
2.3 29
2.0 33
1.8 35
1.4 40
1.0 46.5
1.3 51.5
1.2 55.5
1.2 66
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resulting in decreased renal function and increasing lithium 
concentrations. Nevertheless, we believe this had a minor 
impact on lithium concentrations as the patient was hydrated 
during their stay at the ICU.

Secondly, a lithium rebound effect could have caused 
increased lithium concentrations. Redistribution is more 
likely to occur using high-efficiency techniques such iHD, 
than with CVVH, as iDH is approximately threefold more 
efficient in clearing lithium than CVVH (106.9 vs. 43.1 mL/
min) [5]. This is also the reason why iHD should be started 
in patients with CKD and lithium plasma concentration 
> 2.5 mmol/L. These two processes—absorption and redis-
tribution of lithium—were probably occurring simultane-
ously, resulting in the increment of lithium concentrations 
during CVVH. When CVVH was switched to iHD, lithium 
concentrations dropped quickly, showing the difference in 
clearance of these extracorporeal treatments.

Conclusion

The following two important lessons may be learned from 
this case report:

• Be aware of the possibility of lithium intoxication in 
patients with bipolar disorder. Intoxication can be very 
harmful, but can be easily detected using the standard 
laboratory toxicology packages.

• Be aware that iHD is the most effective technique in 
removing lithium in patients with CKD and lithium 
intoxication. Introduce iHD quickly when lithium con-
centrations are > 2.5 mmol/L, especially in patients with 
CKD as their own clearance is insufficient.
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Fig. 1  Lithium plasma concentrations in our patient during hospital 
admission, and before, during and after CVVH and iHD. CVVH con-
tinuous venovenous hemofiltration, iHD intermittent hemodialysis
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