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MEDLINE, Web of Sciences, Cochrane Library and PsycINFO search. Results We identified 123 SILENT cases published from

1965 to 2019, in which cerebellar sequelae were observed in an overwhelming proportion (79%). Nearly two out of three cases

(63%) had maximal lithium plasma level <2.5 mEq/l (low/mild toxicity). Fever and/or infection were reported in nearly half of

the patients (48%). The likelihood of presenting with cerebellar vs. other neurological sequelae was independently increased by

elevated plasma lithium level (? 2.5 mEq/l) (OR=4.36, 95%CI 1.31-14.52, p = 0.02) and by a history of fever and/or infection

(OR=6.48, 95%CI 2.0-21.0, p = 0.002). Conclusions During the SARS-CoV-2 pandemic, prescribers have to be aware of the

risks of cerebral sequelae associated with infection and fever in lithium users, and should warn them of the need to consult in

case of fever to adjust their lithium dosage. As the occurrence of SILENT is exceptional, there is no need to modify lithium

treatment preventively because of the pandemic as the benefit/risk balance of this drug remains largely positive.
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Abstract

Aim We aimed to review cases of Syndrome of Irreversible Lithium-Effectuated Neurotoxicity (SILENT)
characterized by neurological sequelae following acute lithium toxicity and to explore whether cerebellar
sequelae are more frequent in cases presenting with fever and/or infection.

Methods Case reports were identified from: (i) 6 reviews published up to 2005; (ii) MEDLINE, Web of
Sciences, Cochrane Library and PsycINFO search.

Results We identified 123 SILENT cases published from 1965 to 2019, in which cerebellar sequelae were
observed in an overwhelming proportion (79%). Nearly two out of three cases (63%) had maximal lithium
plasma level <2.5 mEq/l (low/mild toxicity). Fever and/or infection were reported in nearly half of the
patients (48%). The likelihood of presenting with cerebellar vs. other neurological sequelae was independently
increased by elevated plasma lithium level ([?] 2.5 mEq/l) (OR=4.36, 95%CI 1.31-14.52, p = 0.02) and by
a history of fever and/or infection (OR=6.48, 95%CI 2.0-21.0, p = 0.002).

Conclusions During the SARS-CoV-2 pandemic, prescribers have to be aware of the risks of cerebral
sequelae associated with infection and fever in lithium users, and should warn them of the need to consult
in case of fever to adjust their lithium dosage. As the occurrence of SILENT is exceptional, there is no need
to modify lithium treatment preventively because of the pandemic as the benefit/risk balance of this drug
remains largely positive.

Key Words: lithium/ adverse drug reaction / neurotoxicity / fever / infection

1. Introduction

Lithium has well-established benefits regarding mood stabilization and prevention of suicide, which most of-
ten outweigh the risks associated with its use [1-3]. Intoxication is the most dreaded complication of lithium
exposure since it is potentially life-threatening [4-7]. Exceptionally, lithium poisoning may be complicated
by the occurrence of irreversible neurological sequelae. First described by Verbov in 1965 [8], this complica-
tion was defined by Schou in 1984 as the persistence of neurological sequelae more than two months after
lithium discontinuation [9]. In 1987, Adityanjee proposed to name this complication SILENT (Syndrome
of Irreversible Lithium-Effectuated NeuroToxicity) [10]. Although a wide range of persisting neurological
syndromes have been reported, a consistent finding across the literature is the high proportion of cerebellar
sequelae, especially ataxia and dysarthria [9, 11-15]. The occurrence of neurological sequelae in lithium users
is a dramatic event as limited therapeutic resources are available (physical rehabilitation, speech therapy
and cognitive training) [11, 13].

The most well-documented characteristic of SILENT is that it may occur in persons with plasma lithium
levels within the therapeutic range, and at any time during lithium treatment [9, 11-15]. The potential
neurotoxic impact of antipsychotic-lithium polytherapy has been widely cited in the literature on the risk
factors of SILENT since the publication of four cases occurring in persons treated with haloperidol and
lithium [16]. The possible role of fever and infections in the occurrence of cerebellar sequelae was first
mentioned by Schou [9]. This hypothesis is supported by the high proportion of persons presenting with
infections and/or fever among SILENT cases [9, 11-15].
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. Due to its narrow therapeutic index of lithium, prescribers’ require updated accurate knowledge about the
medical and lifestyle conditions increasing the risk of its adverse effects. At the onset of the SARS-CoV-
2 pandemic, at a time when every psychiatrist around the world had to assess the benefit/risk ratio of
psychotropic drugs in persons with COVID-19, we were struck by the fact that very few psychiatrists were
aware that febrile infections might increase the risk of irreversible neurological sequelae in lithium users.
Since our last review on this issue was undertaken nearly 30 years ago [15], we suspected that our knowledge
about this complication might be outdated, motivating the current reappraisal of the literature. Of the five
other reviews on SILENT cases [9, 11-14], the last one performed by Adityanjee included 90 cases published
up to 2002 [11]. As antipsychotic prescribing practices have changed dramatically in lithium users since
the introduction of second-generation antipsychotics [17], it is of interest to explore whether SILENT cases
are still occurring. Furthermore, all prior reviews were exclusively narrative and did not explore which
putative risk factors were independently associated with neurological outcome. Hence, the role of fever in
the occurrence of cerebellar sequelae needs to be clarified.

The aim of the present study was to review published SILENT cases and to explore whether the occurrence
of cerebellar neurological sequelae is more frequent in SILENT cases presenting with fever and/or infection,
independently from other characteristics.

2. Methods

2.1. Identification of cases and search strategy

This review was conducted according to the guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement [18]. First, we considered the case reports identified
in the six reviews published between 1983 and 2005 on neurological sequelae following lithium toxicity [9,
11-15]. Second, in order to identify new case reports not included in these prior reviews, we performed a
MEDLINE, Web of Sciences, Cochrane Library and PsycINFO search from inception through July 2020
using the term “lithium” in combination with the following search terms (neurotox* OR neurologic* OR
cerebel* OR SILENT). We examined related references of selected papers. Titles and abstracts of retrieved
citations were screened, selected full-text articles were assessed independently for eligibility and data were
extracted independently by two researchers. Disagreement was resolved by discussion.

We considered articles meeting the following inclusion criteria: (i) published in English, French, Spanish,
Portuguese, Italian or German in peer-reviewed journals; (ii) reporting cases of neurological sequelae per-
sisting more than two months after lithium discontinuation [9, 10]. We did not consider cases for which the
observation period after lithium discontinuation was not specified or lasted less than two months, including
cases with fatal outcome within the two-month period.

For each case, we extracted the following information: (i) reference: first author’s name, journal, year of
publication, (ii) demographic characteristics: age, gender; (iii) characteristics of lithium treatment: dose
(mg/day), maximum plasma level (mEq/l); (iv) co-prescribed drugs: antipsychotics, other drugs; (v) asso-
ciated medical conditions: fever, infection, dehydration, etc.; (vi) type of neurological sequelae: cerebellar
(irrespective of presence of other sequelae) vs other (any other type of sequelae without associated cerebellar
sequelae). Lithium maximum plasma level (mEq/l) was categorized according to the criteria proposed by
the Extracorporeal Treatments in Poisoning (EXTRIP) Workgroup [19]: i) no toxicity: <1.5 mEq/l); (ii)
mild toxicity: [1.5-2.5[ mEq/l; (iii) moderate toxicity: [2.5–3.5[ mEq/l; (iv) severe toxicity: > 3.5 mEq/l.

2.2. Statistical analyses

Multivariate logistic regressions giving Odds Ratio and 95% confidence intervals (OR, 95% CI) were used
to identify the characteristics independently associated with the type of neurological sequelae (cerebellar vs.
other). Age was categorized as < 50 vs. [?] 50 ys. Lithium maximum plasma level (mEq/l) was dichotomized
as “no/mild” (<2.5 mEq/l) vs. “moderate/severe” ([?] 2.5 mEq/l) toxicity. Antipsychotic exposure was
categorized as present vs. absent irrespective of the number and type of antipsychotics. Exposure to fever

3
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. and/or infection was defined by the presence of at least one of the two conditions, irrespective of the cause
of fever and the site of infection. Strictly defined fever included only cases with reported information on this
symptom, irrespective of the cause. All the variables (age, gender, lithium level, antipsychotic use, fever)
were simultaneously entered in the regression model. The models were not adjusted for lithium dose as this
information was missing in a large proportion of cases.

3. Results

3.1. Results of literature search

Figure 1 presents a flow chart of the eligibility process for this review. One hundred cases published from
1965 to 2002 were identified in the 6 prior reviews [9, 11-15]. The numbers of additional cases fulfilling the
inclusion criteria identified in each review are given in the flow chart. The systematic search identified 23
additional cases published from 1986 to 2019 [20-39].

Ultimately, we included 123 cases of neurological sequelae associated with lithium exposure reported in 92
articles published from 1965 to 2019 (Table 1). The number of reported cases peaked in the ‘80s. More than
half of the 123 cases were published at the end of this decade, while very few cases have been published
since the beginning of the 21st century (1960s: n=1; 1970s: n=21, 1980s: n= 48; 1990s: n=30; 2000s: n=15;
2010s: n=8). Most articles (n=75, 81%) reported a single case, and the maximal number of cases in an
article was 7 [13].

3.2. Demographic characteristics

There were 53% (n=65) females and 47% (n=58) males. The mean age of cases was 46.8 (standard deviation
13.3, range 20-70), with 57 cases (46.3%) aged [?] 50 years.

3.3. Lithium treatment

The median daily prescribed dose of lithium was 1200 mg (interquartile range 900-1500). Twelve (9.8%)
overdoses were reported (intentional n=8, accidental n=3; not specified n=1).

Using the EXTRIP classification, the distribution of maximum lithium level was: (i) no toxicity <1.5 mEq/l
n= 42 (38.5%); (ii) mild toxicity [1.5-2.5[ mEq/l n=27 (24.8%); (iii) moderate toxicity [2.5–3.5[ mEq/l n=20
(18.4%); (iv) severe toxicity > 3.5 mEq/l n=20 (18.4%). A plasma level > 5 mEq/L indicating the need for
extracorporeal treatments (ECTRs) [19] was reported in 7 (6.4%) of patients. Information on lithium level
was missing in 24 cases.

3.4. Co-prescribed drugs

Antipsychotics use was reported in half of the cases (n=61, 49.6%). First-generation antipsychotics were
used in most cases (n=58, 95.1%), the most frequently reported being haloperidol (n=30), chlorpromazine
(n=16), thioridazine (n=4) and fluphenazine (n=4). Four patients used second-generation antipsychotics
(olanzapine n=3 and quetiapine n=1).

Other reported psychotropic and non-psychotropic treatments are detailed in Table 1. The most frequently
reported were antidepressants (n=14), anticonvulsants (n=10) and benzodiazepines (n=8).

3.5. Associated medical conditions

Fever and/or infection was reported in nearly half of the patients (n=59, 48%). Information on the presence
of fever was absent in 9 patients with infection. The most frequent infection was pneumonia (n=12) [25, 29,
34, 40-45]. Probable or definite neuroleptic malignant syndrome was observed in 6 patients [22, 28, 35, 36,
46, 47], and heat stroke in one patient [23]. The other medical conditions (anorexia, surgery, dehydration,
chronic kidney disease, alcohol use, etc.) are described in Table 1.

3.6. Type of neurological sequelae

4
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. Cerebellar sequelae were reported in most cases (n=97, 78.9%) and were the only neurological syndrome in
58 cases (60.4% of those with cerebellar symptoms). The other frequently reported neurological sequelae
were cognitive deficits/dementia (n=17, 13.8%), choreoathetosis (n=12, 9.8%), parkinsonism (n=11, 8.9%),
dyskinesia (n=9, 7.3%) and peripheral neuropathy (n=7, 5.7%). Other rare sequelae are described in Table
1.

3.7. Characteristics associated with occurrence of cerebellar sequelae

Multivariate analyses were performed in the sample of cases without missing data on the variables of interest
(n=109, 88.6%). Two characteristics were independently associated with the occurrence of cerebellar sequelae
(Table 2): plasma lithium level [?] 2.5 mEq/l (moderate/severe toxicity) and (ii) presence of fever and/or
infection. An association was found at trend level between age and type of sequelae, the proportion of
patients aged 50 years and over being higher in the group with cerebellar sequelae. No association was found
between type of sequelae and gender or antipsychotic use.

To further explore whether the impact of fever on the occurrence of cerebellar sequelae was modified by
lithium plasma level, the interaction term “fever*lithium level” was entered in the multivariate model. As
this interaction was significant (Wald test Chi2=6.31, p=0.01), we performed analyses stratified by maximum
lithium plasma levels. This showed that the association between fever and/or infection and cerebellar sequelae
was strong (OR=13.9, 95%CI 3.21-60.05) in cases with no/ mild lithium toxicity, while it was not significant
in those with moderate/severe lithium toxicity (OR=0.92; 95%CI 0.12-7.10).

Sensitivity analyses using the variable “strictly defined fever” (i.e. cases with reported information on this
symptom) showed comparable associations between fever and cerebellar sequelae: 40 (47.1%) patients with
cerebellar sequelae had a history of fever vs. 4 (16.7%) of patients with other sequelae (OR=5.65, 95%CI
1.65-19.37, p=0.006).

4. Discussion

4.1. Main findings

We identified 123 cases of neurological sequelae associated with lithium exposure published from 1965 to
2019, including 23 additional cases not identified in prior reviews. Cerebellar sequelae were observed in
an overwhelming proportion of cases (79%). Nearly two out of three cases (63%) had a maximal lithium
plasma level <2.5 mEq/l indicative of low/mild toxicity [19]. Fever and/or infection were reported in nearly
half of the patients (48%). The likelihood of presenting with cerebellar vs. other neurological sequelae
was independently increased by elevated plasma lithium level ([?] 2.5 mEq/l) and by a history of fever
and/or infection. Stratified analyses showed that the association between fever/infection and occurrence of
cerebellar sequelae was restricted to cases with lithium plasma level <2.5 mEq/l.

4.2. Interpretation of findings

While the incidence of SILENT in the population of lithium users is unknown, this complication may be
considered as exceptional considering that the 123 cases identified in the present review were published over
a 55-year period. The decreasing frequency of published cases after the ‘90s may be explained by a lower
publishing rate of new cases, as is often the case when a drug adverse effect is considered as already well-
documented in the literature. This decrease might also be related to changes in prescribing practice over the
last decades, with a wider use of anticonvulsants and second-generation antipsychotics in bipolar disorder,
leading to low rates of lithium exposure in the general population [17, 48, 49]. Due to the severity of this
complication, it is important to keep in mind that SILENT cases are still occurring despite these changes in
prescribing practices.

The clinical characteristics of the SILENT cases identified in the present review are comparable to those
reported in prior reviews [9, 11-15]. These severe complications of lithium treatment are most frequently
observed during routine lithium treatment, with fewer than 10% of cases occurring after accidental or in-
tentional overdoses. Consistently with this low rate of overdose, plasma lithium levels were within the
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. therapeutic range in a large proportion of cases. In cases with toxic plasma lithium levels, several factors
known to increase plasma levels were noted such as anorexia [8], dehydration [50], chronic kidney disease
[51] or coprescription of diuretics [13, 38, 52, 53].

Typically, the inaugural clinical picture is an episode of acute lithium poisoning with little symptomatic
specificity. Neurological symptoms are frequently observed during these episodes, such as tremor, rigidity, hy-
perreflexia, myoclonia, disorientation, drowsiness or seizures, and transient cerebellar symptoms (dysarthria,
ataxia, nystagmus) may also be present [6, 13]. Cases of SILENT without an acute lithium poisoning phase
are rare [54].

The questions raised since the observation of the first cases of SILENT are why these neurological symptoms
exceptionally persist after the resolution of the acute episode, and why cerebellar sequelae are so frequent
in SILENT cases. The neurotoxicity of antipsychotic-lithium polytherapy in general and of haloperidol-
lithium was long considered as a plausible hypothesis explaining the occurrence of these cases [12, 16] and
is still mentioned as a key factor in the recent literature on drug-induced cerebellar syndromes [37, 55].
However, the existence of a causal link between exposure to haloperidol and the occurrence of SILENT was
soon questioned as the frequency of haloperidol-lithium polytherapy was comparable in persons with and
without neurological sequelae [9, 56]. In the present review, half of the cases were prescribed antipsychotics,
a prescription pattern comparable to that observed in persons with bipolar disorders treated in the last
decades of the 20th century [57]. No association was found between exposure to antipsychotics and the
occurrence of cerebellar sequalae after adjusting for the other variables.

The striking elevated frequency of cases of SILENT with a history of fever or infection, first noticed by Schou
[9], is confirmed in the present study. What the latter adds to prior narrative reviews is to show that fever is
associated with an increased risk of cerebellar sequelae, independently from other characteristics, and that
this increased risk is restricted to cases with plasma lithium levels <2.5 mEq/l (no/mild toxicity)[19]. In the
group with no/mild toxicity, more than two thirds (71%) of patients with cerebellar sequelae had a history
of fever/infection vs. 17% of patients with other sequelae. Conversely, the presence of fever/infection was
not associated with the type of neurological sequelae in the group of cases with lithium levels [?] 2.5 mEq/l
(moderate/severe toxicity).

These findings suggest that two distinct pathophysiological pathways may lead to neurological sequelae
induced by lithium. This hypothesis is speculative and has to be regarded as an oversimplification of the
complex relationships between cerebellar sensitivity to both lithium neurotoxicity and fever. Schematically,
the first pathway is characterized by an episode of lithium poisoning with elevated lithium levels leading
to a wide range of neurological sequelae, including cerebellar ones, perhaps because the lithium neurotoxic
threshold is reached everywhere in the nervous system. The second pathway is marked by the occurrence of
cerebellar sequelae after a febrile intercurrent episode in patients with lithium levels within the therapeutic
range or moderately elevated, perhaps because the lithium neurotoxic threshold is lower in this brain area in
the event of fever. The biological plausibility of a causal link between fever and risk of cerebellar sequelae in
lithium users is supported by the long-known sensitivity of the cerebellar cortex to heat and hyperthermia
[13, 37]. The most consistent neuroanatomical findings found by brain imaging and post-mortem studies are
cerebellar atrophy and loss of Purkinje cells [43, 46, 54, 58-62].

4.3. Implications for clinical practice

Decades after the event, prescribers who have encountered such cases keep a vivid memory of patients
confined to a wheelchair [9, 46]. As therapeutic resources are limited, prevention of SILENT is crucial and
requires prescribers’ awareness about the following points, which synthesize the key findings with implications
for clinical practice drawn from current and prior reviews [9, 11-15]:

1. SILENT may occur at any time during lithium treatment, from a few days after treatment to decades
after.

2. SILENT may occur even when lithium plasma levels are within the therapeutic range. Hence, the
clinical symptoms of neurotoxicity are more important than the lithium level for deciding modifications
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. of lithium treatment.
3. Fever dramatically increases the risk of cerebral sequelae. The literature demonstrates that all causes

of fever (infection, neuroleptic malignant syndrome, heat stroke, etc.) appear to be associated with
this increased risk, and it is possible that no minimal hyperthermia can be considered as safe [27].

4. Based upon the literature and the present findings, we recommend the interruption of lithium or at least
a dose reduction in the event of fever. As no guidelines are currently available regarding this point, it
might be recommended to halve the dosage of lithium. Even if there is a risk of mood recurrence due to
lithium withdrawal [63, 64], this risk may be considered as low when the treatment is interrupted only
over a few days, and it is negligible compared to the risk of neurological sequelae. Hence, the strategy
recommended for lithium in the event of fever or infection should be very close to that recommended
for clozapine, the other psychotropic drug with a narrow therapeutic index [65-68].

5. When lithium users benefit from therapeutic education about the symptoms of neurotoxicity and
conditions promoting the occurrence of these symptoms (dehydration, coprescription of diuretics or
NSAID, etc), they should receive special warning about the fact that fever, irrespective of its cause,
may induce lithium toxicity and that they must consult in the event of fever in order to adapt their
dosage.

It is beyond the scope of the present paper to review the management of lithium poisoning: the cornerstones
are the early identification of neurotoxic symptoms and the use of aggressive lithium removal methods [5, 6,
19, 69]. Owing to the low incidence of SILENT, no study has examined which strategy may help to prevent
neurological sequelae. However, neurological symptoms are known to persist more frequently at intensive
care unit discharge in patients with lithium poisoning not treated by extracorporeal toxin removal [6].

4.5. Limitations

The present review is limited by the fact that data were extracted from published case reports who may
not be representative of all cases of neurological sequelae occurring in persons exposed to lithium. For
instance, we cannot exclude that a publication bias may exist for cases presenting with cerebellar symptoms,
leading to an overrepresentation of such cases in the literature. However, such a bias, if any, should not have
impacted the direction and strength of the association between fever and occurrence of cerebellar sequelae,
as a systematic publication bias of cases with fever and cerebellar symptoms is unlikely. Furthermore, we
may have missed some published cases, but we have little reason to suspect that we selectively missed cases
presenting with features different than those identified in the present review. Lastly, a third unknown factor
and therefore not adjusted for in the present analysis, and independently associated with increased risk of
fever and increased risk of cerebellar sequelae, may confound this association.

4.6. Conclusion

During the SARS-CoV-2 pandemic, prescribers have to be aware of the risks of cerebral sequelae associated
with infection and fever in lithium users, and should warn them of the need to consult in the event of
fever to adjust their lithium dosage. As the occurrence of SILENT is exceptional, there is no need to
preventively modify lithium treatment because of the pandemic as its benefit/risk balance remains largely
positive, including with respect to neuroprotection [70, 71].

Acknowledgments

The authors thank Ray Cooke for supervising the English of this manuscript.

Competing interest

There are no competing interests to declare

Funding source

This research received no specific grant from any funding agency, commercial or not-for-profit sectors.

Data availability

7



P
os

te
d

on
A

u
th

or
ea

30
M

ar
20

22
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

86
45

33
.3

03
88

91
9/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. Not relevant

Authorship contribution statement

All authors were involved in the design, interpretation, and report preparation. HV and ALD were involved
in the data collection and screen. Data were analyzed by HV. The first draft of the manuscript was written
by HV.

References

1. Kessing LV, Bauer M, Nolen WA, Severus E, Goodwin GM, Geddes J. Effectiveness of maintenance
therapy of lithium vs other mood stabilizers in monotherapy and in combinations: a systematic review of
evidence from observational studies. Bipolar Disord 2018; 20: 419-31.

2. BALANCE- investigators-collaborators, Geddes JR, Goodwin GM, Rendell J, Azorin JM, Cipriani A,
Ostacher MJ, Morriss R, Alder N, Juszczak E. Lithium plus valproate combination therapy versus monother-
apy for relapse prevention in bipolar I disorder (BALANCE): a randomised open-label trial. Lancet 2010;
375: 385-95.

3. McKnight RF, Adida M, Budge K, Stockton S, Goodwin GM, Geddes JR. Lithium toxicity profile: a
systematic review and meta-analysis. Lancet 2012; 379: 721-8.

4. Ott M, Stegmayr B, Salander Renberg E, Werneke U. Lithium intoxication: Incidence, clinical course
and renal function - a population-based retrospective cohort study. J Psychopharmacol 2016; 30: 1008-19.

5. Vodovar D, Beaune S, Langrand J, Vicaut E, Labat L, Megarbane B. Assessment of Extracorporeal
Treatments in Poisoning criteria for the decision of extracorporeal toxin removal in lithium poisoning. Br J
Clin Pharmacol 2020; 86: 560-68.

6. Vodovar D, El Balkhi S, Curis E, Deye N, Megarbane B. Lithium poisoning in the intensive care unit:
predictive factors of severity and indications for extracorporeal toxin removal to improve outcome. Clin
Toxicol (Phila) 2016; 54: 615-23.

7. Baird-Gunning J, Lea-Henry T, Hoegberg LCG, Gosselin S, Roberts DM. Lithium Poisoning. J Intensive
Care Med 2017; 32: 249-63.

8. Verbov JL, Phillips JD, Fife DG. A case of lithium intoxication. Postgrad Med J 1965; 41: 190-2.

9. Schou M. Long-lasting neurological sequelae after lithium intoxication. Acta Psychiatr Scand 1984; 70:
594-602.

10. Adityanjee. The syndrome of irreversible lithium effectuated neurotoxicity. J Neurol Neurosurg Psychi-
atry 1987; 50: 1246-7.

11. Adityanjee, Munshi KR, Thampy A. The syndrome of irreversible lithium-effectuated neurotoxicity. Clin
Neuropharmacol 2005; 28: 38-49.

12. Donaldson IM, Cuningham J. Persisting neurologic sequelae of lithium carbonate therapy. Arch Neurol
1983; 40: 747-51.

13. Kores B, Lader MH. Irreversible lithium neurotoxicity: an overview. Clin Neuropharmacol 1997; 20:
283-99.

14. Roy M, Stip E, Black DN, Lew V, Langlois R. Neurological sequelae following acute lithium poisoning -
Review of the literature. Can J Psychiatry 1999; 44: 671-79.

15. Verdoux H, Bourgeois M. [Irreversible neurologic sequelae caused by lithium]. Encephale 1991; 17: 221-4.

16. Cohen WJ, Cohen NH. Lithium carbonate, haloperidol, and irreversible brain damage. JAMA 1974;
230: 1283-87.

8



P
os

te
d

on
A

u
th

or
ea

30
M

ar
20

22
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

86
45

33
.3

03
88

91
9/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. 17. Tournier M, Neumann A, Pambrun E, Weill A, Chaffiol JP, Alla F, Begaud B, Maura G, Verdoux
H. Conventional mood stabilizers and/or second-generation antipsychotic drugs in bipolar disorders: A
population-based comparison of risk of treatment failure. J Affect Disord 2019; 257: 412-20.

18. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. PLoS Med 2009; 6: e1000097.

19. Decker BS, Goldfarb DS, Dargan PI, Friesen M, Gosselin S, Hoffman RS, Lavergne V, Nolin TD,
Ghannoum M, Workgroup E. Extracorporeal Treatment for Lithium Poisoning: Systematic Review and
Recommendations from the EXTRIP Workgroup. Clin J Am Soc Nephrol 2015; 10: 875-87.

20. Pheterson AD, Miller L, Fox CF, Estroff TW, Sweeney DR. Multifocal neurological impairment caused
by infection-induced rise in blood lithium and amitriptyline. Int J Psychiatry Med 1986; 16: 257-62.

21. Yoshimoto Y. A case of lithium intoxication with downbeat vertical nystagmus. Auris Nasus Larynx
1987; 14: 71-5.

22. Lal V, Sardana V, Thussu A, Sawhney I, Prabhakar S. Cerebellar degeneration following neuroleptic
malignant syndrome. Postgrad Med J 1997; 73: 735-36.

23. Epstein Y, Albukrek D, Kalmovitc B, Moran DS, Shapiro Y. Heat intolerance induced by antidepressants.
Ann N Y Acad Sci 1997; 813: 553-8.

24. Muthane UB, Prasad BN, Vasanth A, Satishchandra P. Tardive Parkinsonism, orofacial dyskinesia and
akathisia following brief exposure to lithium carbonate. J Neurol Sci 2000; 176: 78-9.

25. Ozsoy S, Basturk M, Esel E. Cerebellar syndrome in a patient with pneumonia under lithium treatment:
A case report. Prog Neuropsychopharmacol Biol Psychiatry 2006; 30: 1532-4.

26. Araujo LC, Nery-Fernandes F, Quarantini LC, Miranda-Scippa A. Persistent neurotoxicity secondary to
lithium use: case report. Revista Brasileira De Psiquiatria 2006; 28: 163-63.

27. Niethammer M, Ford B. Permanent lithium-induced cerebellar toxicity: three cases and review of
literature. Mov Disord 2007; 22: 570-3.

28. Tharoor H, Deora S, Chauhan A, Sharma PSVN. Lithium-neuroleptic combination leading to permanent
neurological sequelae? German Journal of Psychiatry 2007; 10: 18-20.

29. de Cerqueira ACR, dos Reis MC, Novis FD, Bezerra JMF, de Magalhaes GC, Rozenthal M, Nardi AE.
Cerebellar degeneration secondary to acute lithium carbonate intoxication. Arquivos de Neuro-Psiquiatria
2008; 66: 578-80.

30. Keltner NL, Grant JS. Irreversible lithium-induced neuropathy: Two cases. Pers Psychiatr Care 2008;
44: 290-93.

31. Fischera M, Anneken K, Evers S, Kloska S, Husstedt IW. Cerebellar atrophy after long-term treatment
with low-dose lithium. Pharmacopsychiatry 2009; 42: 125-26.

32. Porto FHG, Leite MAA, Fontenelle LF, Marrocos RP, Szczerback NF, de Freitas MRG. The Syndrome
of Irreversible Lithium-Effectuated Neurotoxicity (SILENT): One-year follow-up of a single case. J Neurol
Sci 2009; 277: 172-73.

33. Mazzini L, Oggioni GD, Nasuelli N, Servo S, Testa L, Monaco F. Disabling Parkinsonism following brief
exposure to lithium carbonate in amyotrophic lateral sclerosis. J Neurol 2011; 258: 333-4.

34. Banwari G, Chaudhary P, Panchmatia A, Patel N. Persistent cerebellar dysfunction following acute
lithium toxicity: A report of two cases. Indian J Pharmacol 2016; 48: 331-3.

35. Hallab B, Agoub M, Battas O. Lithium-neuroleptic combination leading to permanent neurological
sequelae (case report). Annales Medico-Psychologiques 2017; 175: 862-64.

9



P
os

te
d

on
A

u
th

or
ea

30
M

ar
20

22
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

86
45

33
.3

03
88

91
9/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. 36. Hallab B, Hallab S, Battas O, Agoub M. Syndrome of irreversible lithium-effectuated neuro-toxicity or
SILENT: A case report. Therapie 2017; 72: 403-07.

37. Rossi FH, Rossi EM, Hoffmann M, Liu W, Cruz RR, Antonovich N, Rezaei A, Gonzalez E, Franco
MC, Estevez A, Thomas F. Permanent Cerebellar Degeneration After Acute Hyperthermia with Non-toxic
Lithium Levels: a Case Report and Review of Literature. Cerebellum 2017; 16: 973-78.

38. Silva AL, Ourique C, Martins F, Frioes F. Syndrome of Irreversible Lithium-Effectuated NeuroToxicity.
Acta Medica Portuguesa 2017; 30: 151-53.

39. Fountoulakis KN, Tegos T, Kimiskidis V. Lithium monotherapy-induced tardive dyskinesia. J Affect
Disord 2019; 244: 78-79.

40. Baker PC, Price TR, Allen CD. Brain stem and cerebellar dysfunction with Legionnaires’ disease. J
Neurol Neurosurg Psychiatry 1981; 44: 1054-6.

41. Habib M, Khalil R, le Pensec-Bertrand D, Ali-Cherif A, Bongrand MC, Crevat A. [Persistent neurological
syndrome after treatment with lithium salts. Toxicity of the lithium-neuroleptic combination?]. Rev Neurol
(Paris) 1986; 142: 61-4.

42. Servant D, Gaudet Y, Danel T, Goudemand M, Petit H. [Persistent cerebellar syndrome following
treatment with lithium salts]. Presse Med 1987; 16: 312.

43. Pelletier J, Habib M, Pellissier JF, Crevat A, Khalil R. [Neurologic sequelae of the neuroleptics-lithium
combination: role of hyperthermia]. Rev Med Interne 1991; 12: 187-91.

44. Merle C, Sotto A, Galland MC, Jourdan E, Jourdan J. Persistent cerebellar syndrome after lithium and
neuroleptic therapy. Therapie 1998; 53: 511-13.

45. Biscof F, Melms A. Persistent cerebellar deterioration in a patient with lobar pneumonia. Eur Psychiatry
1999; 14: 175–76.

46. Verdoux H, Bourgeois ML. A case of lithium neurotoxicity with irreversible cerebellar syndrome. J Nerv
Ment Dis 1990; 178: 761-2.

47. Gille M, Ghariani S, Pieret F, Delbecq J, Depre A, Saussu F, de Barsy T. [Acute encephalomyopathy
and persistent cerebellar syndrome after lithium salt and haloperidol poisoning]. Rev Neurol (Paris) 1997;
153: 268-70.

48. Verdoux H, Pambrun E, Cortaredona S, Coldefy M, Le Neindre C, Tournier M, Verger P. Geographical
disparities in prescription practices of lithium and clozapine: a community-based study. Acta Psychiatr
Scand 2016; 133: 470-80.

49. Bramness JG, Weitoft GR, Hallas J. Use of lithium in the adult populations of Denmark, Norway and
Sweden. J Affect Disord 2009; 118: 224-8.

50. Juul-Jensen P, Schou M. Letter: Permanent brain damage after lithium intoxication. Br Med J 1973; 4:
673.

51. Zingraff J, Jungers P, Drueke T, Man NK, Crosnier J. [Accidental lithium poisoning in a patient with
chronic hemodialysis]. Nouv Presse Med 1975; 4: 3181.

52. Izzo KL, Brody R. Rehabilitation in lithium toxicity: case report. Arch Phys Med Rehabil 1985; 66:
779-82.

53. Heim J, Pinel JF, Allannic H, Ferrand P, Sabouraud O, Lorcy Y. [A case of permanent neurological
sequelae by lithium intoxication during a thyrotoxicosis (author’s transl)]. Sem Hop 1981; 57: 1349-52.

54. Schneider JA, Mirra SS. Neuropathologic correlates of persistent neurologic deficit in lithium intoxication.
Ann Neurol 1994; 36: 928-31.

10



P
os

te
d

on
A

u
th

or
ea

30
M

ar
20

22
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

86
45

33
.3

03
88

91
9/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. 55. van Gaalen J, Kerstens FG, Maas R, Harmark L, van de Warrenburg BPC. Drug-Induced Cerebellar
Ataxia: A Systematic Review. Cns Drugs 2014; 28: 1139-53.

56. Goldman SA. FDA MedWatch report: Lithium and neuroleptics in combination: The spectrum of
neurotoxicity. Psychopharmacol Bull 1996; 32: 299-309.

57. Verdoux H, Gonzales B, Takei N, Bourgeois M. A survey of prescribing practice of antipsychotic main-
tenance treatment for manic-depressive outpatients. J Affect Disord 1996; 38: 81-7.

58. Naramoto A, Koizumi N, Itoh N, Shigematsu H. An autopsy case of cerebellar degeneration following
lithium intoxication with neuroleptic malignant syndrome. Acta Pathol Jpn 1993; 43: 55-8.

59. Lecamwasam D, Synek B, Moyles K, Ghose K. Chronic lithium neurotoxicity presenting as parkinsons-
disease. Int Clin Psychopharmacol 1994; 9: 127-29.

60. Ferbert A, Czernik A. [Persistent cerebellar syndrome following lithium poisoning]. Nervenarzt 1987;
58: 764-70.

61. Peiffer J. Clinical and neuropathological aspects of long-term damage to the central nervous system after
lithium medication. Arch Psychiatr Nervenkr (1970) 1981; 231: 41-60.

62. Tesio L, Porta GL, Messa E. Cerebellar syndrome in lithium poisoning: a case of partial recovery. J
Neurol Neurosurg Psychiatry 1987; 50: 235.

63. Schou M. Is there a lithium withdrawal syndrome? An examination of the evidence. Br J Psychiatry
1993; 163: 514-8.

64. Goodwin GM. Recurrence of mania after lithium withdrawal. Implications for the use of lithium in the
treatment of bipolar affective disorder. Br J Psychiatry 1994; 164: 149-52.

65. Siskind D, Honer WG, Clark S, Correll CU, Hasan A, Howes O, Kane JM, Kelly DL, Laitman R, Lee J,
MacCabe JH, Myles N, Nielsen J, Schulte PF, Taylor D, Verdoux H, Wheeler A, Freudenreich O. Consensus
statement on the use of clozapine during the COVID-19 pandemic. J Psychiatry Neurosci 2020; 45: 222-23.

66. Verdoux H, Quiles C, de Leon J. Clinical determinants of fever in clozapine users and implications for
treatment management: A narrative review. Schizophr Res 2019; 211: 1-9.

67. de Leon J, Ruan CJ, Schoretsanitis G, De Las Cuevas C. A Rational Use of Clozapine Based on Adverse
Drug Reactions, Pharmacokinetics, and Clinical Pharmacopsychology. Psychother Psychosom 2020: 1-15.

68. de Leon J, Sanz EJ, Noren GN, De Las Cuevas C. Pneumonia may be more frequent and have more
fatal outcomes with clozapine than with other second-generation antipsychotics. World Psychiatry 2020; 19:
120-21.

69. Vodovar D, Megarbane B. Prognosis and outcome of severe lithium poisoning. J Psychopharmacol 2017;
31: 1274-77.

70. Kessing LV, Gerds TA, Knudsen NN, Jorgensen LF, Kristiansen SM, Voutchkova D, Ernstsen V,
Schullehner J, Hansen B, Andersen PK, Ersboll AK. Association of Lithium in Drinking Water With the
Incidence of Dementia. JAMA Psychiatry 2017; 74: 1005-10.

71. Velosa J, Delgado A, Finger E, Berk M, Kapczinski F, de Azevedo Cardoso T. Risk of dementia in
bipolar disorder and the interplay of lithium: a systematic review and meta-analyses. Acta Psychiatr Scand
2020.

Hosted file

BJCP_LithiumNeurotox_table_VDef.docx available at https://authorea.com/users/469476/articles/
562316-a-reappraisal-of-the-role-of-fever-in-the-occurrence-of-neurological-sequelae-

following-lithium-intoxication-a-systematic-review

11

https://authorea.com/users/469476/articles/562316-a-reappraisal-of-the-role-of-fever-in-the-occurrence-of-neurological-sequelae-following-lithium-intoxication-a-systematic-review
https://authorea.com/users/469476/articles/562316-a-reappraisal-of-the-role-of-fever-in-the-occurrence-of-neurological-sequelae-following-lithium-intoxication-a-systematic-review
https://authorea.com/users/469476/articles/562316-a-reappraisal-of-the-role-of-fever-in-the-occurrence-of-neurological-sequelae-following-lithium-intoxication-a-systematic-review


P
os

te
d

on
A

u
th

or
ea

30
M

ar
20

22
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

86
45

33
.3

03
88

91
9/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. Hosted file

BJCP_LiNeurotox_flowchart_Figure_1_VDef.docx available at https://authorea.com/users/469476/

articles/562316-a-reappraisal-of-the-role-of-fever-in-the-occurrence-of-neurological-

sequelae-following-lithium-intoxication-a-systematic-review

12

https://authorea.com/users/469476/articles/562316-a-reappraisal-of-the-role-of-fever-in-the-occurrence-of-neurological-sequelae-following-lithium-intoxication-a-systematic-review
https://authorea.com/users/469476/articles/562316-a-reappraisal-of-the-role-of-fever-in-the-occurrence-of-neurological-sequelae-following-lithium-intoxication-a-systematic-review
https://authorea.com/users/469476/articles/562316-a-reappraisal-of-the-role-of-fever-in-the-occurrence-of-neurological-sequelae-following-lithium-intoxication-a-systematic-review

