Lithium (lithium carbonate) toxicity

as a cause of nephrogenic diabetes insipidus
complicated by acute kidney injury and severe
hypernatremia

Lithium is the first-line maintenance therapy in bipolar affecti-
ve disorder. It is excreted by the kidneys without undergoing meta-
bolism [1]. Several factors can influence its plasma concentration,
including sodium levels, fluid intake, and numerous medications,
primarily nonsteroidal anti-inflammatory drugs (NSAIDs), angioten-
sin-converting enzyme inhibitors (ACE inhibitors), diuretics — ma-
inly thiazides — and angiotensin Il receptor blockers. Lithium salt
toxicity can lead to acute kidney injury and lithium-induced neph-
rogenic diabetes insipidus (Li-NDI), accompanied by hypernatremic
dehydration, which further exacerbates neurological symptoms
and can result in patient death [2,3,4]. Chronic lithium therapy may
also cause varying degrees of glomerulopathy, predominantly fo-
cal segmental glomerulosclerosis (FSGS) and minimal change di-
sease (MCD). The article presents two cases of lithium toxicity, the
complications that arose during therapy, and the treatment applied.
It discusses recommendations regarding the treatment of lithium
salt toxicity and the mechanisms leading to acute and chronic ne-

phropathy.

(POL NEPHROL DIAL 2025; 29: 143-146)

Introduction

Lithium carbonate remains a cor-
nerstone of long-term prophylaxis
for bipolar disorder and is among the
longest-used medications in psychia-
try. Lithium salt toxicity can cause
acute kidney injury and lithium-indu-
ced nephrogenic diabetes insipidus
(Li-NDI), which may be complicated
by hypernatremic dehydration; these
sequelae can worsen neurological
symptoms and, in severe cases, be
fatal [2,3,4]. Lithium is eliminated un-
changed by the kidneys [1]. Chronic
lithium therapy is also associated
with glomerular diseases, most com-
monly focal segmental glomerulosc-
lerosis (FSGS) and minimal change
disease (MCD). The principal risk
factors are elevated serum lithium
concentrations and prolonged dura-
tion of treatment.

Cases Presentation

The paper describes two patients
undergoing long-term lithium thera-
py for psychiatric disorders.

Case 1

A 60-year-old female patient
with a history of paranoid schizoph-
renia, type 2 diabetes mellitus, and
hypothyroidism was admitted to
the Department of Psychiatry due
to deterioration of her mental con-
dition. Upon admission, the patient
was oriented autopsychically but
disoriented allopsychically. She
exhibited slurred speech, muscle
tremors, and reluctance to take
fluids.

Biochemical tests revealed:

»  Lithium level: 2.8 mmol/L,

*  Progressive hypernatremia (so-
dium 140-160 mmol/L),

* Rising creatinine levels (1.77
mg/dL),

* Increased levels of inflammatory
markers.

The patient was transferred to
the Department of Nephrology for
normalisation of electrolyte imbalan-
ces, improvement of renal function
and management of urosepsis. Du-
ring hospitalisation, due to worse-
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ning consciousness, the patient was
consulted by a neurologist, with no
indication for lumbar puncture. The
patient was fed via a nasogastric
tube and hydrated with boiled tap
water. After normalisation of sodium
(142 mmol/L), creatinine (1.3 mg/dL)
and CRP, the patient was transferred
back to the Department of Psychia-
try, where further neurological dia-
gnostics (CT and MRI of the brain,
lumbar puncture) revealed no pa-
thology. Disorders of consciousness
persisted during the hospital stay.
Following recommendations from
the consulting neurologist, and after
excluding meningitis, the patient
was transferred to the Department
of Neurology. No antibodies indica-
ting autoimmune encephalitis were
detected. An EEG revealed abnor-
malities, and lithium-induced ence-
phalopathy was diagnosed. Valproic
acid therapy was initiated, leading to
gradual improvement in the patient’s
condition. The patient was subse-
quently transferred back to the De-
partment of Psychiatry to continue
treatment.

Case 2

A T71-year-old female patient
with bipolar affective disorder, tre-
ated with lithium, was admitted to
the Department of Nephrology due
to toxic serum lithium levels (2.8
mmol/L). Additionally, she presented
with impaired verbal communication,
elevated creatinine (2.28 mg/dL),
elevated urea (88 mg/dL), reduced
estimated glomerular filtration rate
(eGFR 21 mL/min), and urine speci-
fic gravity of 1.005 g/mL. Acute kid-
ney injury, stage 3, was diagnosed,
and haemodialysis was performed.
The patient’'s condition gradually de-
teriorated. The patient developed im-
paired consciousness and seizures.
Administration of diazepam did not
alleviate the symptoms. Computed
tomography revealed no brain ab-
normalities. Persistent disorientation,
tremors, tachycardia (HR 110/min),
hypertension (190/100 mmHg) and
fever (38.2°C) were observed, with
creatinine 1.38 mg/dL and lithium 0.9
mmol/L. The patient was transferred
to the Department of Anaesthesio-
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logy and Intensive Care. Despite
intensified treatment, the patient de-
veloped progressive hypotension,
multiorgan failure and anuria. She
experienced asystole. Laboratory
tests showed progressive hyperna-
tremia, reaching a maximum serum
sodium level of 171 mmol/L.

In both patients, hypernatremia
during lithium toxicity resulted from
nephrogenic  diabetes insipidus
(NDI).

Discussion

Lithium carbonate is widely used
in psychiatry for various indications.
It increases serotonin release in
specific brain regions, contributing to
its antidepressant and anti-aggres-
sive effects, and attenuates dopa-
mine activity, which accounts for its
anti-manic properties. Lithium also
exerts neuroprotective and anti-in-
flammatory effects (which explains
its therapeutic role in Alzheimer’s di-
sease and other neurodegenerative
disorders). Additionally, it may mi-
tigate the side effects of cranial ra-
diotherapy for tumours and alleviate
depression occurring after mild trau-
matic brain injury.

Adverse effects include inhibition
of antidiuretic hormone, leading to
increased urine output and the need
for fluid replacement, not always ac-
companied by excessive thirst, and
suppression of thyroid hormone re-
lease, which may result in hypothy-
roidism. Additionally, it inactivates
calcium-sensing receptors (CaSR)
in the parathyroid glands, leading
to insufficient suppression of para-
thyroid hormone (PTH) secretion by
calcium ions. The resulting increase
in circulating PTH is a cause of hy-
percalcemia.

Lithium carbonate is rapidly and
completely absorbed from the ga-
strointestinal tract, does not bind
to plasma proteins, reaches stable
serum concentrations after appro-
ximately one week, is not metaboli-
sed by the liver, and is excreted by
the kidneys in its unchanged form.
Drug clearance is directly dependent
on renal clearance, and its half-life
(T1/2) is approximately 24 hours. Li-
thium is a medication with a narrow

therapeutic index. Sodium and water
deficiency enhance proximal tubular
reabsorption of lithium and prolong
its excretion.

In long-term lithium therapy, ma-
intaining serum concentrations in
the range of 0.5-0.8 mmol/L is re-
commended to prevent relapses of
affective disorders. Once the target
concentration is achieved, monito-
ring can be performed less frequen-
tly: every month or every two mon-
ths, and during remission every 2—3
months.

Lithium toxicity most commonly
occurs due to dehydration (reduced
renal lithium clearance) and drug in-
teractions with metronidazole, NSA-
IDs, ACE inhibitors, angiotensin Il
receptor antagonists, and diuretics,
particularly thiazide derivatives.

The first signs of toxicity appear
at serum lithium concentrations >1.5
mmol/L, while life-threatening toxi-
city occurs at concentrations >2.0
mmol/L, which is an indication for
urgent dialysis.

The most frequent renal mani-
festations of lithium toxicity include:
acute kidney injury (AKI) — either
prerenal or intrinsic (including acute
tubular necrosis, ATN) — and nephro-
genic diabetes insipidus (NDI).

Effects of lithium on the kid-
neys

Lithium-induced nephropathy
was first described in 1977 by Hest-
bech et al.[5], who examined renal
biopsy specimens from 14 patients
treated with lithium for 2—15 years.
In patients on long-term lithium the-
rapy (over 10-20 years), clinical
signs of nephropathy with charac-
teristics of chronic tubulointerstitial
nephropathy (CTIN) may develop.
Histopathological examination re-
vealed tubular atrophy and intersti-
tial fibrosis in both the renal cortex
and medulla, along with the cha-
racteristic presence of uniform and
symmetrically distributed microcy-
sts originating from distal tubules
and collecting ducts. The presence
of such cysts in the kidneys of nor-
mal size was confirmed by magne-
tic resonance imaging in 16 patients
undergoing long-term lithium thera-
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py. In a study of renal biopsy sam-
ples from 24 patients on long-term
lithium therapy, Markowitz et al. [6]
found a surprisingly high incidence
of focal segmental glomeruloscle-
rosis (FSGS), present in approxi-
mately half of the specimens. Other
histopathological findings include
minimal change disease (MCD),
which appears to be more common
than FSGS. Consequently, in most
patients, no significant glomerular
abnormalities are found, the pro-
gnosis is favourable, and comple-
te remission typically occurs within
several weeks after lithium disconti-
nuation. In some patients with MCD
confirmed on electron microscopy,
reintroduction of lithium following
recovery led to recurrence of prote-
inuria.

The most common complica-
tion of lithium therapy, however, is
tubular dysfunction [2]. It is charac-
terised by impaired urinary concen-
trating ability, which clinically mani-
fests as varying degrees of polyuria
and, not always, polydipsia. The
main clinical signs of lithium-indu-
ced nephrogenic diabetes insipidus
(Li-NDI) include polyuria, polydip-
sia, hypernatremia and low urine
specific gravity. The urine concen-
trating capacity in 30-80% of pa-
tients undergoing long-term lithium
therapy is reduced by approximate-
ly 15%, resulting in an increase in
urine volume by 10-60% compared
with the pre-treatment period.

Currently, the mechanism of po-
lyuria in lithium-induced nephroge-
nic diabetes insipidus is believed
to involve dysregulation of aquapo-
rin-2 (AQP2) expression and inser-
tion into the apical membrane of
collecting duct principal cells. This
leads to impaired expression of the
epithelial sodium channel (ENaC)
in the collecting duct. This channel
is permeable to sodium and lithium.
Permeability to lithium is 1.5-2 times
greater than to sodium. Studies in
healthy volunteers who received li-
thium carbonate for four weeks de-
monstrated a significant reduction in
urinary AQP2 excretion and impaired
urine concentrating ability, despite
stimulation of the collecting duct with

desmopressin (dDAVP — a synthetic
analogue of vasopressin). Lithium
also decreases the density of vaso-
pressin (AVP) receptors in the col-
lecting duct, and the administration
of vasopressin analogues such as
dDAVP does not alleviate lithium-in-
duced NDI. The treatment of choice
is amiloride, which belongs to the
group of diuretic drugs.

Conclusions

Management in both patients
included discontinuation of lithium,
a low-sodium diet, hydration with
hypotonic fluids, and, in one case,
haemodialysis. Lithium toxicity re-
quires close clinical monitoring due
to the risk of severe neurological
complications. Regular assessment
of serum electrolytes — particularly
sodium, which plays a key role in
lithium transport — is essential for
proper patient management. Perio-
dic evaluation of electrolyte levels
(mainly Na*) and renal function pa-
rameters is recommended, especial-
ly in conditions that may predispose
to disturbances in water-electrolyte
balance (such as infections, diarr-
hoea or old age). Adequate dietary
sodium intake should be ensured
in patients undergoing long-term li-
thium therapy, as lithium inhibits the
tubular reabsorption of Na*.

The treatment of choice is amilo-
ride, which belongs to the group of
diuretic drugs. It blocks epithelial so-
dium channels (ENaC) in collecting
duct principal cells, which become
impermeable to sodium and lithium.
It is the best-studied and most pro-
mising agent for the management of
Li-NDI. By blocking ENaC, amiloride
inhibits lithium uptake into the collec-
ting duct principal cells, leading to an
87% reduction in intracellular lithium
concentration, and its administration
can reduce urine output by appro-
ximately 50%. A study involving pa-
tients with bipolar disorder treated
with lithium demonstrated that ad-
ministration of amiloride 10 mg daily
for 6 weeks significantly increased
the maximum urine osmolality in the
dDAVP-stimulated urine concentra-
tion test [7]. Amiloride is also belie-
ved to have cytoprotective effects
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on collecting duct cells, preventing
structural damage associated with
long-term lithium exposure.

The Extracorporeal Treatments
in Poisoning Workgroup (EXTRIP)
concluded that lithium is dialyza-
ble, supported the use of extracor-
poreal treatment in severe lithium
poisoning and made the following
recommendations [8]: extracorpo-
real treatment (hemodialysis is pre-
ferred) is recommended in severe
lithium poisoning if kidney function
is impaired and the serum lithium
concentration is >4.0 mEq/L, or in
the presence of a decreased level
of consciousness, seizures, or li-
fe-threatening dysrhythmias irre-
spective of the lithium concentra-
tion. Extracorporeal treatment is
suggested if lithium is >5.0 mEq/L,
significant confusion is present, or
the expected time to reduce lithium
to <1.0 mEqg/L is >36 hours. This
treatment should be continued until
clinical improvement is apparent or
lithium is <1.0 mEq/L. Extracorpore-
al treatment should be continued for
a minimum of 6 hours if lithium is not
readily measurable. Continuous re-
nal replacement therapy (CRRT) is
an acceptable alternative treatment.
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