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Ahstract

Lithium is the most effective therapy for bipolar and schizoaffective disorders. Despite its efficacy,
lithium has a narrow therapeutic index and adverse effects are frequent. Lithium intoxication
(LI) generally affects brain, but less frequently can affect kidneys, thyroid, and parathyroid.
Here, we report the case of a patient with lithium neurotoxic effects complicated by parathyroid
and renal adverse effects. The patient was a 52-year-old woman treated with lithium, who was
recently diagnosed with hypercalcemia and hyperparathyroidism.
She was admitted for severe agitation, confusion, and diffuse tremor. Despite serum lithium and
calcium normalization, laboratory tests revealed a life-threatening hypernatremia caused by
nephrogenic diabetes insipidus (NDI). Hemodialysis was started, but after the first treatment
the patient died for cardiac arrest.
Neurological symptoms of LI may occur even if the dosage is close to the normal therapeutic
range. Hypercalcemia and NDI are rare, but should be promptly diagnosed and treated. In case
of poor clinical outcome, hemodialysis should be performed independently of lithium serum level.
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INTRODUCTION * acute intoxication in lithium-naive pa-
tients;

Lithium is the most effective long-term
therapy for bipolar and schizoaffective dis-
order, protecting against both depression
and mania and reducing the risk of suicide
and short-term mortality. It is also used as
add-on therapy in patients with treatment-
resistant unipolar and recurrent major de-
pression and in cluster headache prophy-
laxis [1]. Although its efficacy, lithium has a Why Do We Describe This Case
narrow therapeutic window and a clearance
variability due to several individual and en-
vironmental factors. Therefore, lithium tox-
icity is frequent and routine monitoring of

acute-on-chronic intoxication in patients
taking long-term lithium treatment; or

e chronic intoxication due to the gradual
accumulation of lithium during chronic
exposure [2].

Lithium is an effective medication but
has a narrow therapeutic index and, thus,
toxicity is frequent. Intoxication com-
monly involves central nervous system,

serum concentrations is required. Lithium but less frequently can cause rare and

intoxication (LI), whether intentional or life-threatening adverse effects such as Xotffesl‘;ml;lilﬂgﬂ“thor
unintentional, can be a severe occurrence hypercalcemia and nephrogenic diabetes arturodefalco@tin
carrying a significant risk for permanent insipidus. These adverse effects should be .

sequelae, mainly neurologic, and can even prompely recognized and treated iizz;":e‘iﬁwl\*z:; e

lead to death. LI is categorized as: Published: 30 September 2020
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'The effective therapeutic range of lithium
is 0.6-1.0 mmol/L, but in long-term therapy
levels equal or greater than 1.2 mmol/L are
considered toxic. Several factors are associ-
ated with increased risk for LI:

* medications (i.e., neuroleptics, SSRIs, and
amiodarone);

e dehydration;

e renal failure;

* infections;

* fever.

Further potential causes are intentional
or accidental overdoses [3]. LI is associated
with a variety of clinical manifestations
depending on pathologic lithium accumu-
lation in different organs including neuro-
logic, gastrointestinal, endocrine, and renal
disorders. Acute LI is most often associated
with gastrointestinal symptoms, cardiotoxic
effects, and late developing neurological
signs, whereas chronic forms are predomi-
nantly characterized by neurological symp-
toms including tremor, extrapyramidal and/
or cerebellar signs, hyperreflexia, agitation,
confusion, myoclonus, seizures, and con-
sciousness impairment [3].

Lithium therapy is also associated with
renal impairment [2,4,5]. Young women had
higher hazard ratios than other groups, sug-
gesting that they are at greatest risk of renal
disorder [5]. A patient receiving lithium is
at high risk of developing at least stage 3
chronic kidney disease. A subset of these pa-
tients might develop end-stage renal failure
with an absolute risk of approximately 0.5-
2% [4,5]. Increased serum lithium concen-
trations and young age in women seem to
be associated with increased risk of decline
in renal function [5].

Nephrogenic diabetes insipidus (NDI)
is a rare adverse effect of LI: tubular cells
lose their ability to respond to antidiuretic
hormone (ADH). This effect is initially re-
versible, but can progress to structural and
irreversible changes [2,6]. In this setting, the
risk of hypernatremia increases and may lead
to serious or even life-threatening conditions
if not promptly and properly treated [7].

Antithyroid effects of lithium are well es-
tablished and more evident in young women
[4,5]. Multiple mechanisms are probably in-
volved. The most important is the inhibition
of thyroid hormone release from the thyroid
gland. However, lithium may also decrease
iodine trapping within the gland and inhibit
thyroid hormones synthesis [8]. Although

thyroid dysfunction is the most common

endocrine adverse effect, patients receiving
lithium have an absolute risk of 10% (vs.0.1%
of the general population) of developing pri-
mary hyperparathyroidism. This is probably
caused by lithium inactivation of the calci-
um-sensing receptor leading to an increased
release of parathyroid hormone, which raises
calcium concentration in blood [9,10]. More-
over, in a review of 88 case reports of lithium-
induced hyperparathyroidism, 42 cases were
tound to have parathyroid adenomas and 29
were found to have hyperplasia [9,10]. Lith-
ium treatment is also associated with cardiac
conduction abnormalities and electrocardio-
graphic changes such as transient ST depres-
sion, bradycardia, sinus node dysfunction,
and inverted T-waves in lateral precordial
leads [2,11]. Lithium-treated patients who
have hypercalcemia have been reported to
have higher prevalence of cardiac conduction
disturbances compared with lithium-treated
patients with normal calcium levels [9,11].
The standard treatment strategy of lithium
toxicity generally begins with cessation of
lithium administration and medications that
may reduce lithium elimination, hydration,
and gastrointestinal decontamination. Be-
cause of its favorable pharmacokinetic pa-
rameters, the most effective treatment to re-
move lithium from serum is intermittent he-
modialysis [12,13]. The prognosis of patients
with LI varies, ranging from full recovery to
long-lasting neurologic deficits. The most
concerning long-term deficit or dysfunction
of lithium toxicity is the syndrome of irrevers-
ible lithium-effectuated neurotoxicity (SI-
LENT). SILENT is characterized by a broad
spectrum of neuropsychiatric symptoms that
follows lithium toxicity and may persist long
after serum lithium normalization. Clinical
features may include brainstem and/or cer-
ebellar dysfunction, extrapyramidal features,
and cognitive impairment [14]. Prognosis is
worst when symptoms persist for a longer
period. Recent data suggest a low mortality
(less than 1%) [3].

CASE PRESENTATION

The patient was a 52-year-old woman
admitted to the Neurology Unit for severe
agitation and mental confusion. She had a
history of schizoaffective disorder and was
on chronic treatment with lithium carbon-
ate 300 mg bid, olanzapine 10 mg qd, and
clonazepam 0,5 mg qd during the last 2
years. Moreover, she had a history of hyper-
tension and dyslipidemia. Hyperparathy-
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roidism and hypercalcemia were recently
diagnosed. A parathyroid adenoma was also
reported. Five days before neurological
symptoms onset she had an episode of fever
and diarrhea. Neurological examination
showed agitation, confusion, and disorien-
tation. She also presented akathisia and dif-
fuse tremor. At admission, laboratory inves-
tigations showed high serum lithium, hy-
percalcemia, high serum parathormone,
mildly elevated serum creatinine, while
blood count, Na*, calcitonin, hepatic, and
thyroid values were normal (Table I). Elec-
troencephalogram (EEG) showed back-
ground activity disorganization with peri-
odic bursts of diffuse sharp waves. Brain
magnetic resonance imaging (MRI) and
MR-angiography were normal. Cerebrospi-
nal fluid analysis including virologic DNA
detection, bacterial antigens, and cultures
were unremarkable. Screening for autoim-
mune encephalitis was negative. Lithium
was discontinued and in the next 3 days
serum lithium and serum calcium levels de-
creased within the normal range (Table I),
but the patient showed a progressive con-

sciousness impairment evolving in coma

state. During the next 4 days, despite a high
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intake of glucose 5% solutions and free wa-
ter by naso-gastric tube, laboratory tests
showed a progressive rise of Na* up to 184
mmol/L and an acute renal failure with in-
creased serum creatinine and blood urea
nitrogen (Table I). Urine specific weight was
low. Ultrasound showed slight reduced kid-
ney dimension and parenchyma hyperecho-
genicity. Diagnosis of nephrogenic diabetes
insipidus (NDI) was made and hemodialy-
sis was started. After the first treatment, Na*
serum level decreased to 164 mmol/L with-
out clinical improvement and patient died
the day after for cardiac arrest.

DISCUSSION

Lithium is the first-line therapy for bi-
polar disorder and is also widely used in
refractory depression and in cluster head-
ache prevention. Lithium has a narrow
therapeutic index and toxicity is frequent in
patients taking this agent [1,2,4,5]. Long-
term lithium use may lead to episodes of
intoxication, that represent a considerable
risk for long-term morbidity and even
mortality. In our patient, who was on long-

Parameter At admission e dav_s a_f er L dav_s a_f ter Normal range
admission admission

Lithium (mmol/L) 1.3 0.8 0.6-1.2

Calcium (mg/dL) 11.9 94 8.6-10.2

Creatinine (mg/dL) 1.33 1.97 2.49 0.57-1.11

BUN (mg/dL) 45 89 145 10-50 Table . Ladoratory

Sodium (mmol/L) 138 173 184 136-145 findings at admission,

PTH (py/mL) 427 1275 3, and 7 days after the
admission

Calcitonin (pg/mL) 4 0-10 BUN = Blood Urea

- _ Nitrogen;

USG (n) 1004 1005-1035 PTH{ Parathyroid

Potassium (mmol/L) - - 4.5 3.59-5.1 hormone;
USG = Urine
Specific Gravity

What should the clinician ask him/herself or the patient?

o Is the patient in therapy with neuroleptics, selective serotonin reuptake inhibitors (SS-
RIs), or amiodarone?

* Has the patient a history of thyroid or parathyroid dysfunction?

* Has the patient a history of renal failure?

* Does the patient report a recent condition of dehydration, such as fever or diarrhea?

e Are the clinical features attributable to central nervous system lithium intoxication, hy-
percalcemia, or hypernatremia?

o Is hemodialysis indicated for lithium intoxication?

© When should hemodialysis be started?

© 2020 The Authors. Published by SEEd srl. This is an open access article under
the CC BY-NC 4.0 license (https://creativecommons.org/licenses/by-nc/4.0)
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term lithium treatment, an episode of fever
and diarrhea and consequently dehydration
contributed to induce intoxication. Our pa-
tient had a spectrum of severe neurological
symptoms despite a very mild increased
lithium serum level (1.3 mmol/L; thera-
peutic range 0.6-1.2), as already reported
in other studies [1,3]. This may be partially
explained by the lithium characteristics: it
is one of the lightest elements of the peri-
odic table, is easily distributed throughout
total body water, and does not bind serum
proteins. Lithium is rapidly absorbed by
kidneys, thyroid, and bones and lately by
the brain. In case of acute and acute-on-
chronic intoxication, only lithium serum
concentrations determined at least 6 hours
after ingestion allow adequate interpreta-
tion of intoxication severity. In long-term
lithium therapy, serum concentration may
not reflect tissue levels, resulting in a poor
correlation between lithium level and tox-
icity as in our patient. Indeed, intoxication
can occur even despite normal lithium lev-
el, as it was described in the literature [3].
Moreover, in our patient symptoms such as
tremor, confusion, consciousness impair-
ment may be worsened by hypercalcemia,
which can overlap neurologic LI symptoms.
In our patient, hypercalcemia was associated
with hyperparathyroidism. Parathyroid in-
volvement is a rare adverse effect of lithium
therapy [4,5,9] and was already ongoing in
this patient. Lithium was promptly discon-
tinued and hypercalcemia corrected, but the
patient did not improve. Three days after,
she developed acute renal failure and NDI,
another rare effect of LI [6,7]. This condi-
tion lead to severe hypernatremia despite
a high intake of fluids. Hemodialysis was
started, but, after the first treatment, the
patient died for cardiac arrest. Autoptic
examination was not performed, but prob-

Key points

e In lithium intoxication, neurological symptoms are common and
may occur when the dosage is close to the therapeutic range or even
in the normal therapeutic range

e Less frequently, lithium therapy is associated with hyperparathy-
roidism and hypercalcemia, which can overlap neurotoxic symptoms

* Nephrogenic diabetes insipidus is a rare adverse effect of lithium
intoxication, which can lead to a life-threatening hypernatremia

* Hemodialysis should be promptly started in case of severe adverse
effects or poor clinical outcome, independently of lithium serum level

ably the patient died due to the neurotoxic-
ity of severe and prolonged hypernatremia.
Generally, treatment guidelines for lithium
intoxication vary depending on the degree
of toxicity. In case of mild toxicity, lithium
discontinuation may be sufficient. In mod-
erate intoxication, fluid infusion with saline
solutions are recommended along with gas-
tric lavage and bowel irrigation to enhance
lithium elimination. In the most severe
cases, defined by lithium serum levels > 4.0
mmol/L or severe clinical symptoms, espe-
cially consciousness impairment, hemodi-
alysis should be performed. When hemo-
dialysis is required, it is usually repeatedly
performed to avoid lithium rebound with a
paradoxical deterioration in consciousness,
caused by a redistribution of lithium from
tissues to the plasma. Serum lithium levels
and renal function should be monitored, so
that the treatment can be adjusted as neces-
sary [13].In our case, hypercalcemia features
overlapping with neurological symptoms
of LI and the renal failure associated with
NDI causing a severe and refractory hyper-
natremia lead the patient to death. Despite
overlapping symptoms, probably NDI and
the associated severe and non-responsive
hypernatremia were responsible for the
clinical worsening.

CONCLUSIONS

In patient with LI, clinicians should rec-
ognize common neurotoxic symptoms, but
also rare and life-threatening adverse effects
such as hypercalcemia and NDI. The serum
lithium concentrations should be only a
guide to avoid toxicity and should always be
considered in the context of patient history
and clinical findings. Therefore, any patient
suspected of LI requires immediate and ap-
propriate care. In most cases, renal failure,
hypernatremia, and hypercalcemia can be
safely managed without needing intensive
care. Hemodialysis is indicated for lithium
serum level > 4 mmol/L, but, in case of severe
adverse effects or poor clinical outcome, it
should be promptly performed regardless of
lithium serum level. In conclusion, recom-
mendations for the safe use of lithium in-
clude correct patient selection and periodic
laboratory and clinical monitoring. This may
contribute to prevent the potentially harmful
intoxication of this effective and widespread
medication.
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