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Abstract
Lithium intoxication is still an undefined and underestimated disease, especially those cases requiring extracorporeal treat-
ment. Lithium is a monovalent cation with small molecular mass of 7 Da that has been regularly and successfully used 
since 1950 in the treatment of mania and bipolar disorders. However, its careless assumption can lead to a wide spectrum 
of cardiovascular, central nervous system and kidney diseases in case of acute, acute on chronic and chronic intoxications. 
In fact, lithium serum range is strict between 0.6 and 1.3 mmol/L, with a mild lithium toxicity observed at the steady-state 
of 1.5–2.5 mEq/L, moderate toxicity when lithium reaches 2.5–3.5 mEq/L, and severe intoxication with observed serum 
levels > 3.5 mEq/L. Its favorable biochemical profile allows the complete filtration and partial reabsorption in the kidney 
due to the similarity to sodium and also the complete removal by renal replacement therapy, that should be considered in 
specific poisoning conditions. In this narrative and updated review we discussed a clinical case of lithium intoxication, the 
different pattern of diseases attributable to excessive lithium load and the current indications for extracorporeal treatment.
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Introduction

Lithium therapy still stands as one of the most effective ther-
apy for the acute and long-term treatment of bipolar mood 
diseases. However, due to the narrow and safe therapeutical 
range, its careless administration may cause lithium intoxi-
cation with a wide spectrum of clinical presentations due to 
the different target organs.

In this context, kidney involvement is frequent and should 
be always ruled out through a recurring monitoring of renal 
function on stable maintenance therapy and especially 
when raised pharmacological doses are required. Further, 
acute concomitant conditions that may compromise water 
and sodium balance as hypohydration, acute inflammation 

statuses, sepsis could promote lithium intoxication and 
should be promptly assessed.

Herein we reported the clinical case of a patient and the 
current treatment recommendations.

Case presentation

A 53-year-old Caucasian female patient was admitted to 
our First-Aid Station due to a clinical condition defined by 
the presence of confusion, lethargy, nausea, diarrhea and 
oliguria. Her blood pressure was 100/50 mmHg, heart rate 
100 pulse/min, oxygen saturation 98% on air and blood 
examinations are reported in Table 1. She was affected by 
bipolar disorder on chronic lithium therapy since several 
years and she referred the voluntary ingestion of more than 
30 tablets of 300 mg lithium carbonate. The admission blood 
examination evidenced an acute lithium intoxication with 
[Li+] 2.8 mEq/L and the immediate therapeutic procedures 
were performed.

After hydration therapy with 2 L saline solution 0.9% 
and gastric lavage without a clinical improvement, a cen-
tral venous catheter was placed in the right femoral vein 
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to perform hemodialysis treatment (HD) due to the lack of 
benefits of the previous therapies.

A 3-h HD session with high flux polysulfone filter was 
started with low blood flow (QB 150 mL/min) and without 
weight loss. The HD treatment was well tolerated without 
complications and the patient was then admitted to Psychi-
atric Unit for the clinical management. After a single HD 
session, the patient recovered from the intoxication, the diu-
resis improved and no following HD therapy was required. 
Her 12-h following blood examinations revealed [Li+] 
1.2 mEq/L and no other significative biochemical alteration 
were highlighted.

Intermittent HD treatment proved its clinical efficacy on 
lithium poisoning and herein we discussed the pathophysiol-
ogy of lithium intoxication and the current standard of care 
therapy.

Discussion

Lithium salts have been successfully used for the treatment 
of mania and bipolar disorders since 1949 in Australia with 
a following growing evidence between 1950s and 1970s [1].

According to the National Ambulatory Medical Care 
Survey, 17.6% of patients with bipolar disorder in the 
2013–2016 period were treated with lithium [2].

Its administration can be either liquid as lithium citrate 
and more frequently solid as lithium carbonate [3, 4].

Lithium (Li+) is a monovalent cation with a small molec-
ular mass of 7 Da that can lead to acute kidney injury (AKI) 

through different patterns of poisoning: acute, acute on 
chronic and chronic intoxication [3].

Acute intoxication occurs in lithium naive patients that 
exhibit lithium overdose. Acute on chronic lithium intoxica-
tion is frequent in those patients who have already an exist-
ing burden of lithium maintenance therapy and are exposed 
to an acute large lithium load, usually for suicidal tenden-
cies, or they are exposed to AKI from other causes such as 
dehydration that impact with its renal clearance. Instead, 
chronic poisoning is defined when maintenance  lithium 
therapy patients show a recent increased lithium dose and/
or a decline in renal function or a drug-drug interaction that 
may interfere with lithium withdrawal [4, 5].

[Li+] therapeutic serum range is strict between 0.6 and 
1.3 mmol/L of [Li+], with a mild lithium toxicity observed 
at the steady-state [Li+] of 1.5–2.5 mEq/L, moderate toxicity 
when [Li+] reach 2.5–3.5 mEq/L, and severe intoxication 
with observed serum levels > 3.5 mEq/L [3, 5].

After therapeutical assumption, Li+ distributes widely 
and without protein binding in total body water, with initial 
volume distribution of 0.5 L/kg that can increase to 0.9 L/
kg [5, 6].

Serum [Li+] accumulates rapidly in the kidney, bone and 
thyroid, while the diffusion into cerebral fluid and the brain 
is delayed by approximately 24 h compared with its appear-
ance with plasma.

In the kidney, Li+ is totally filtered in the glomerulus, 
with 80% reabsorbed (60% by the proximal tubule and 20% 
by the tick ascending limb of the Henle Loop and collecting 
duct) and then excreted through urine output [4, 6].

Clinical conditions that impair glomerular filtration rate 
such as volume depletion may promote an increase in Li+ 
proximal tubule reabsorption due to its biochemical similar-
ity to sodium leading to raised serum [Li+] levels [7].

Usually the half-life of [Li+] is 12–27 h but it is affected 
by the age, kidney function and duration of Li therapy and 
it can be longer up to 58 h in patient on chronic lithium 
therapy [8].

Clinical manifestations of lithium poisoning have a wide 
spectrum, involving the gastrointestinal tract, the central 
nervous system, the heart and the kidney.

Nausea, vomit and diarrhea are mostly prevalent in acute 
and acute on chronic clinical patterns [5]. Electrocardio-
graphic alterations may involve QT, ST and T waves modi-
fications and also bradycardic syndrome, sinus node dys-
function, atrioventricular blockade, ventricular fibrillation 
and sudden cardiac death [4, 8]. Indeed, these pathological 
findings are not always related to serum [Li+] levels and 
can be attributable to individual susceptibility [5]. Lithium 
neurotoxicity can range from confusion, ataxia, convulsions, 
lithium encephalopathy to the most problematic condition 
also known as syndrome of irreversible lithium-effectuated 
neurotoxicity (SILENT) [9–11].

Table 1   Patient blood examination at the admission

CRP C reactive protein, BUN blood urea nitrogen, BE base excess

Hemoglobin 12.5 g/dL (n. v. 12–16)
Hematocrit 38.1% (n. v. 37–47)
White cells 4.5 10^3/μL (4–10)
CRP 2.8 mg/L (n. v. 0–5)
Lithium 2.8 mEq/L (n. v. 0.5–1.2)
Creatinine 0.69 mg/dL (n. v. 0.54–1.02)
BUN 25 (n. v. 10–50)
Sodium 139 (n. v. 136–145)
Potassium 4.9 (n. v. 3.5–5)
LDH 182 U/L (n. v. < 250)
SGOT 19 U/L (n. v. < 38)
SGPT 17 U/L (n. v. < 41)
PH 7.43 (n. v. 7.35–7.45)
pO2 82.5 mmHg
pCO2 36.3 mmHg
SO2 98%
HCO3 24.6 mEq/L
BE − 0.10 mmol/L
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SILENT causes chronic, largely cerebellar sequelae, 
tremor, extrapyramidal symptoms, gait alterations, nystag-
mus, dysarthria and cognitive impairment. Actually, the 
prevalence of SILENT is not known as well as the definitive 
management [9–11].

Also the kidney is frequently involved and may be injured 
by high [Li+] serum levels with different histological and 
clinical presentations, see Table 2.

The most common kidney involvement in lithium intox-
ication is the nephrogenic diabetes insipidus (NDI) [12]. 
NDI is due to the lithium induced resistance to antidiuretic 
hormone in the collecting duct with polyuria and polydip-
sia even after the first weeks or months of lithium treat-
ment. Usually, it can develop in almost 40% of the patients 
under lithium therapy and it is reversible after lithium 
discontinuation.

Li+ inhibits the antidiuretic hormone action in the renal 
collection duct by entering in the principle cells through the 
epithelial sodium channel (ENaC) [12]. [Li+] inhibits gly-
cogen synthase kinase-3 (GSK3) activity and the generation 
of cyclic adenosine monophosphatase (cAMP) [13]. As a 
consequence, the Aquaporin-2 (AQP2) water channel cannot 
be phosphorylated and cannot be redistributed from storage 
vesicles to the apical membranes leading to a reduced water 
reabsorption. Further, Li+ might also reduce AQP2 gene 
transcription and/or mRNA stability [12].

A less frequent lithium  induced renal disease is the 
chronic tubule-interstitial nephritis with classical tubular 
atrophy, interstitial fibrosis and cystic dilation of distal 
tubules/collecting in patients on chronic lithium treatment. 
It can lead to end stage renal disease after almost 20 years 
of lithium exposition and the subnephrotic range proteinuria 
(< 3 g/day) occasionally described in this condition could 
be expression of secondary glomerulosclerosis due to the 
chronic tubule-interstitial disease [14].

A rarer complication is the lithium related nephrotic 
syndrome defined as proteinuria > 3 g/day, edema, hypoal-
buminemia, and hyperlipidemia and currently it has been 
described in less of 30 patients on lithium therapy on the 
available literature [15, 16]. Most of them were related 
to Li+ levels and a prompt cessation of renal disease was 

noticed after lithium discontinuation. The most common 
lesions on renal biopsies performed during the first year of 
lithium therapy were minimal change disease and focal seg-
mental glomerulosclerosis [15, 16].

Therapeutical indications

The current recommendations in the management of lith-
ium intoxication include: lithium discontinuation volume 
replacement with intravenous saline isotonic solution and 
also considering the extracorporeal therapy according to the 
Extracorporeal Treatments in Poisoning (EXTRIP) Work-
group indications [17].

Both gastric lavage and/or whole bowel irrigation with 
polyethylene glycol electrolyte lavage solution have not pro-
duced a better result according to the recent literature [18, 
19].

Forced diuresis with furosemide increases the Li+ clear-
ance by reducing the reabsorption in the thick ascend-
ing limb of the Henle loop; however, it is no longer rec-
ommended because of the risk of dehydration in lithium 
exposed patients and the consequent increased reabsorption 
of sodium and Li+ in the proximal tubule due to the similar 
chemical profile of the two cations [20, 21].

The favorable pharmacokinetic pattern of Li+ (low molec-
ular weight, low protein binding, relatively low volume dis-
tribution and low endogenous clearance) allows an efficient 
clearance on intermittent HD [5, 22].

It is still underestimated the application of renal replace-
ment therapy (RRT) in patients affected by lithium poison-
ing, as it is reported in small case series or case reports. In 
a Sweden population-based retrospective cohort study the 
13.4% of 77 patients with lithium intoxication requires HD 
treatment with benefit and without adverse effects over a 
17-year period of observation [23].

High efficiency intermittent HD can achieve a Li+ clear-
ance of almost 180 mL/min while physiological kidney 
clearance of Li+ can reach in 30–40 mL/min which may 
decrease to 10.6 mL/min in patient with chronic kidney dis-
ease [24].

Table 2   Different clinical patterns of kidney involvement due to lithium intoxication

NDI nephrogenic diabetes insipidus, AQP2 Aquaporin-2 water channel, ESRD end stage renal disease

Kidney involvement due to lithium intoxication

Glomerular diseases Tubular diseases

Secondary glomerulosclerosis due to the chronic tubule-interstitial 
disease, with a subnephrotic proteinuria [14]

Minimal change disease with Nephrotic Syndrome [15]
Focal segmental glomerulosclerosis with Nephrotic Syndrome [16]

NDI due to the inhibition of AQP2 water channels and resulting reduced 
water reabsorption in the collecting duct [14]

Chronic tubule-interstitial nephritis with classical tubular atrophy, 
interstitial fibrosis and cystic dilation of distal tubules/collecting that 
leads to ESRD [14]
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Both intermittent HD and sustained low-efficiency HD 
(SLED) provide excellent Li+ clearance [25], while con-
tinuous renal replacement therapy (CRRT) offers a lower 
efficacy profile with Li+ clearance of 28–62 mL/min, due 
to the lower effluent and blood flow rates [26]. CRRT is 
not recommended as first substitutive treatment, while it is 
indicated if intermittent HD is not available or because of 
the high risk of patient’s clinical conditions.

If CRRT is selected as extracorporeal treatment, the 
delivered dialytic dose should be above 25 mL/kg/h which 
is usually prescribed for patient with Acute Kidney Injury 
(AKI) [27].

Peritoneal dialysis provides a limited Li+ clearance of 
9–4 mL/min and it is not indicated as alternative therapy as 
extracorporeal treatment [28].

Li+ rebound commonly occurs after extracorporeal treat-
ment cessation and it is due to a redistribution of Li+ from 
deeper compartments/red blood cells to the plasma or due 
to the ongoing absorption from the gastrointestinal tract. 
The increase of [Li+] is maximal after 6–12 h and it can be 
asymptomatic due to the Li+ shift form the toxic compart-
ment to blood [29, 30]. However, when it is related to altered 
absorption of gastrointestinal tract, it can progressively accu-
mulate in the central nervous system leading to the onset of 
neurological symptoms [31].

Li+ rebound is more frequent after intermittent HD, while 
it is limited during CRRT or SLED due to the longer dura-
tion of extracorporeal treatment [32].

A correct [Li+] measurement is necessary to assess the 
real state of lithium poisoning, the rebound and the need for 
RRT. Green-top tubes should be avoided since they contain 
lithium heparin that can raise the [Li+] levels factitiously, 
so blood samples for lithium measurements should be per-
formed in blood collected in red-top tubes [4].

According to the EXTRIP group, the indications for 
extracorporeal treatment in lithium poisoning include rec-
ommendations and suggestions according to the [Li+], the 
clinical symptoms and the kidney function [17]. Recommen-
dations are [Li] > 4 mEq/L and impaired kidney function; 

the presence of decreased level of consciousness, seizures or 
life-threatening dysrhythmias independently of [Li+] levels. 
Instead, suggestions are [Li+] > 5 mEq/L, the onset of sig-
nificant confusion and if the expected time to reduce [Li+] to 
< 1 mEq/L with optimal management is > 36 h. The indica-
tions are summarized in Table 3.

The EXTRIP workgroup defines impaired kidney func-
tion according to KDIGO guidelines the stages 3B, 4 or 5 
CKD, stage 2 or 3 AKI, the presence of oligo-anuria, and in 
the absence of baseline creatinine value, a serum creatinine 
≥ 1.5 mg/dL [17].

Intermittent HD is currently the best standard care as ini-
tial RRT in lithium poisoning, CRRT should be considered 
according to the clinical setting and/or if intermittent HD 
is not practicable. After initial intermittent HD treatment, 
both CRRT and intermittent HD are equally acceptable for 
additional lithium removal.

Cessation of RRT should be considered if [Li+] is 
< 1 mEq/L, or clinical improvement is apparent, and/or after 
a minimum of 6 h of extracorporeal treatment if [Li+] is 
not readily measurable. After RRT cessation, [Li+] values 
should be analyzed in the next 12 h to assess the rebound 
and the need for following RRT sessions [17].

In conclusion, a single HD treatment proved to be effi-
cient in our case of lithium intoxication. However, more 
cohort studies with a larger number of patients are needed 
to define the best dialyzer membrane as well as the best RRT 
modality: intermittent HD or SLED.

Data availabiltiy  The datasets generated during and/or analyzed dur-
ing the current study are available from the corresponding author on 
reasonable request.
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