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ABSTRACT

The Syndrome of Irreversible Lithium-Effectuated Neurotoxicity (SILENT) is a rare but 
concerning neurological complication resulting from lithium intoxication. Despite being 
reported since the 1960s, SILENT remains poorly understood and previous reviews on this 
topic commonly have been narrative. We therefore conducted a scoping review to assess 
the nature and scope of the research literature on the long-term neurological sequelae of 
lithium toxicity and determine the current knowledge of SILENT. A comprehensive and 
systematic literature search, using the MEDLINE, Embase, and Web of Science databases 
(from inception to July 2023), was conducted for English and Dutch articles, assessing the 
long-term neurological sequelae of lithium intoxication. Key information concerning clini-
cal manifestations, risk factors, therapeutic approaches, or preventive measurements was 
extracted. We reviewed 91 articles, extracting information from 117 cases of SILENT. The 
prevailing outcome observed was persistent cerebellar dysfunction (77% of cases), often in 
combination with other sequelae. Other common sequelae included cognitive problems, 
parkinsonism, choreoathetosis, tardive dyskinesia, and peripheral neuropathy. The most 
common (61.4%) acute neurological symptom in the development of SILENT is an altered 
level of consciousness ranging from confusion to comatose states. Cerebellar sequelae 
were mentioned in 77% of cases as most common persistent sequelae. Antipsychotic use 
was mentioned in 59% of cases and fever was reported in 37.6% of cases. Scientific knowl-
edge about this phenomenon has not advanced much since its initial reports in the 1960s 
and 1970s. While the use of lithium has become much more stringent than it had been in 
years past, and the occurrence of SILENT is rather exceptional, raising awareness about 
SILENT nevertheless remains crucial to avoid deleterious neurological consequences. 
Comprehensive, high-quality research in a systematic and standardized manner is there-
fore urgently needed to better understand this phenomenon.

Keywords: Lithium, neurotoxicity, neurological sequelae, affective disorder

Introduction

Since the 1950s, lithium has been introduced as a therapeutic intervention for managing 
recurrent depressive episodes. Subsequently, it received approval and gained widespread 
recognition as the benchmark treatment for adult patients with bipolar disorder, as it has 
also been found efficacious in the acute and maintenance treatment of bipolar disorder since 
1970. Last, extensive scientific research has demonstrated the efficacy of lithium as an aug-
menting agent in cases of antidepressant non-responsiveness or treatment-resistant major 
depression.1–5

Lithium has a relatively narrow therapeutic index and needs careful dose titration with follow-
up of clinical neuropsychiatric side effects, concomitant with monitoring of lithium serum 
levels. Lithium toxicity is a common clinical problem that can be acute, “acute on chronic”, 
or chronic. Most of these symptoms are reversible by dose reduction, interruption, or treat-
ment withdrawal.2 Over the last 50 years, however, there have been occasional reports in the 
literature of permanent (irreversible) neurological damage following lithium treatment, even 
without toxic serum concentrations or after discontinuing treatment. This serious adverse 
event was first described by Verbov in 1965,6 after which several other case reports appeared 
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in the 1970s. In 1984, Schou introduced the definition of this compli-
cation as “a long-lasting neurological sequelae for over two months 
after discontinuing lithium treatment”.7

Later Adityanjee8 coined the descriptive acronym SILENT (syndrome 
of irreversible lithium-effectuated neurotoxicity).8

Although there have been some reviews on this topic in the past, 
they were all narrative.7,9–11 Recently, Verdoux et al12 published a sys-
tematic review but limited their research question to the role of fever 
in the occurrence of neurological sequelae following lithium intoxica-
tion.12 We therefore conducted a scoping review to assess the nature 
and scope of the research literature on the long-term neurological 
sequelae of lithium intoxication and determine the present current 
knowledge of SILENT. More specifically, we wanted to explore (1) the 
clinical manifestations of SILENT; (2) risk factors for the development 
of SILENT; (3) therapeutic approaches and preventive measures; and 
(4) whether clinical knowledge on this syndrome increased over the 
last 20 years.

Material and Methods

This scoping review was conducted in accordance with the preferred 
reporting items for systematic reviews and meta-analyses, extension 
for scoping reviews (PRISMA-ScR).13

Search Strategy
A comprehensive and systematic literature search, using the 
MEDLINE (via PubMed), Embase, and Web of Science databases 
(from inception to July 2023) was conducted for English and Dutch 
articles, assessing the long-term neurological sequelae of lithium 
intoxication, presenting data on the clinical manifestations, risk fac-
tors and/or therapeutic approaches, or preventive measurements. 
One of the authors (J.D.), an experienced biomedical information 
specialist, constructed effective search strings for the different 
databases. Duplicates were removed using EndNote X9 (J.D.). After 
removing duplicates, titles and abstracts were screened by K.K., 
using Rayyan QCRI. K.K. reviewed the full text of the selected arti-
cles and assessed their eligibility. Articles that were deemed poten-
tially relevant according to the selection criteria were included. 
Any disagreements were solved by consensus or by decision of 
the other reviewers (J.D. and F.B.). K.K. also attempted to identify 
additional studies by using the reference list of potentially relevant 
reports and articles.

Selection Criteria

Inclusion Criteria: Articles were included if they met the following 
inclusion criteria: (1) English or Dutch published, peer-reviewed 
articles; (2) in- or outpatients of any age and psychiatric diagnosis 

without pre-existing neurological disease; (3) patients who took 
lithium and suffered from persistent neurological sequelae for at 
least 2 months after the cessation of the medication; (4) All study 
designs were eligible for inclusion if they provided additional cases.

Exclusion Criteria: Articles published in languages other than English 
or Dutch, grey literature (such as posters, conference abstracts/
papers, dissertations, and website articles), studies or case-reports 
including patients with a follow-up period shorter than 2 months 
after withdrawal of the medication (this also included cases where 
fatal outcomes occurred within 2 months of treatment 
discontinuation), or cases without specifying a time frame following 
lithium discontinuation, were excluded.

Data Extraction
Data was extracted and mapped descriptively by K.K., using a data 
extraction form. This form included the following information:

(1) author and publication year; (2) age and gender; (3) nature of the 
neurological sequelae observed; (4) acute neurologic signs; (5) pre-
cipitating factors; (6) lithium dose (mg/day); (7) lithium maximum 
plasma level (mM/L); (8) co-prescribed drugs (antipsychotics and 
other medications).

Results

Selection Process
The initial search across the 3 databases yielded a total of 2903 
reports (see Figure 1 for the PRISMA-ScR flowchart). Of these, 1149 
duplicate reports were removed. Overall, 142 articles studies were 
selected as potentially eligible, of which 61 original records met 
the inclusion criteria. Thirty articles6,14–42 were added by cross-
reference, making a total of 91 articles. All included articles were 
case reports, except for 2 reviews,10,11 including a total of 117 
SILENT cases.

General Study Characteristics
The highest number of case reports is concentrated in the 1980s, 
with only a relatively small number occurring in the last 20 years. 
(1960s: n = 1; 1970s: n = 18; 1980s: n = 38; 1990s: n = 25; 2000s: n = 16; 
2010s: n = 10; 2020s n = 9). The majority of articles documented a 
solitary case (n = 77, 85%). Ten articles documented 2 cases (11%), 1 
three cases (1%), 1 four cases (1%), and 1 six cases (1%). The highest 
number of cases documented in a single article was 7 (1%).

Although 5 cases did mention existing neurological disease, they 
were ultimately included in the final review because of their indeter-
minate character.43–47

Patient and Treatment Characteristics
Even though we identified a total of 117 cases, not all of them pro-
vided complete information on all specific parameters. Hence, the 
mean and standard deviation (SD) for each parameter are based on 
varying numbers of observations.

Gender: There were 56% (n = 65) female patients and 44% (n = 52) 
male patients [mean years: 48.1; SD: 13.85; range: 15-72, with 14 
cases (12%) aged ≥65 (‘geriatric’)].

Doses and Serum Levels of Lithium Treatment: Reported serum 
levels (n = 106) ranged from 0.25 mM/L to 8 mM/L (mean: 2.37 mM/L; 
SD: 1.55 mM/L).

MAIN POINTS
•	 The syndrome of irreversible lithium-effectuated neurotoxicity is 

underreported, often misinterpreted, and misdiagnosed.
•	 Case reports without an acute lithium intoxication are rare.
•	 The initial phase is characterized by an altered level of conscious-

ness followed by a cerebellar syndrome.
•	 Further research is needed as knowledge about this syndrome has 

not advanced much since initial reports.
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Eighty one reports provided data on drug toxicity. Excluding 
overdose cases (n = 14), dose levels at which toxicity occurred 
varied from 438 mg/day to 2800 mg/day (mean dose: 1194 mg/
day, SD: 465 mg/day, median 1200 mg/day, interquartile range 
900-1500). Employing the Extracorporeal Treatments In Poisoning 
(EXTRIP) classification,48 the distribution of maximum lithium 
levels is as follows: (i) no toxicity <1.5 mM/L n = 34 (32.1%); (ii) 
mild toxicity  1.5-2.5 mM/L n = 27 (25.5%); (iii) moderate toxicity 
2.5-3.5 mM/L n = 23 (21.7%); (iv) severe toxicity >3.5 mM/L n = 22 
(20.8%).

Drug Combinations: There were 41 (35%) cases where no other 
(psychotropic nor non-psychotropic) medication use was 
mentioned.

In 59% (n = 69) of the cases, antipsychotic use was mentioned, with 
78.3% (n = 54) being a first-generation antipsychotic (FGA) and 21.7% 
(n = 15) a second-generation antipsychotic (SGA). In total, we docu-
mented 11 different FGA and 4 different SGA molecules. The most 
frequently reported co-prescribed FGA was haloperidol, followed 
by chlorpromazine. Among the SGA, olanzapine was the most fre-
quently reported.

Other co-prescribed psychotropic medications included tricyclic 
antidepressants (TCAs) (n = 11), selective serotonin reuptake inhibi-
tors (SSRIs) (n = 4), antiepileptics (n = 10), and antic​holin​ergic​s/ant​
ihist​amine​s. The indication for antiepileptic drugs was not always 
specified. Given the type of psychiatric conditions presented, we 
suppose that these medications were used as mood stabilizers. Other 
non-psychotropic medications can be found in Table 1.

Associated Medical Factors: Fever was mentioned in 44 cases 
(37.6%), for which the etiology was not specified in 27 cases. Infection 
was mentioned in 14 cases (but 4 of them did not indicate whether 
fever was present). For 6 of these cases fever was associated with 
neuroleptic malignant syndrome (NMS) and in 1 case with heatstroke.

Other medical conditions mentioned were dehydration, anorexia, 
alcohol abuse/intoxication, surgery, and diabetes insipidus.

Clinical Manifestations of SILENT: There was considerable variability 
in the reporting of neurological symptoms or syndromes. The manner 
of description also differed between acute neurological signs and 
persistent sequelae. For the acute signs, descriptions often employed 
symptom-based terminology (e.g. ataxic gait), while for persistent 

Additional eligible full text articles
identified by cross referencing: (n= 30)

Identification of studies via databases and registers
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- Case reports about reversible neurotoxicity 
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Figure 1  . Preferred reporting items for systematic reviews and meta-analyses flow diagram.
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sequelae, syndrome-based terminology was more common (e.g. 
cerebellar syndrome). Regarding acute signs, specificity regarding 
the nature of the symptoms was seldom provided; for instance, 
'tremors' might encompass parkinsonian, cerebellar or other 
characteristics, but this distinction was not consistently specified. 
Consequently, we also recorded information in broad categorical 
terms.

The severity of the sequelae was not recorded, because there was 
also considerable variability in the reporting of this aspect. For exam-
ple, for cerebellar sequelae, it ranged from moderate dysarthria to an 
advanced cerebellar syndrome rendering the patient dependent on 
assistance. Frequently, there was no further specification.

Acute Neurological Signs: The majority of cases (61.4%, n = 75) were 
characterized by an altered level of consciousness, ranging from 
confusion to comatose states, followed by dysarthria and/or ataxic 
gait (53.8%, n = 63) and 'tremors' (41.0%, n = 48).

Other typical acute neurological signs included pyramidal signs 
(hyperreflexia and/or plantar reflex and/or spasticity and/or myoclo-
nus) in 17.9% (n = 21) of cases, bilateral nystagmus in 14.5% (n = 17), 
and seizures occurring in 9.4% (n = 11) of cases.

Persistent Sequelae: Cerebellar sequelae was mentioned in 77% 
(n = 90) of the cases, in 46% of the cases (n = 41) in combination with 
other sequelae. Cases without cerebellar sequelae accounted for 
23% (n = 27).

Other commonly occurring sequelae included cognitive problems/
dementia (19.7%, n = 23), parkinsonism/EPS (16.2%, n = 19), choreo-
athetosis (10.3%, n = 12), tardive dyskinesia (8.5%, n = 10), and periph-
eral neuropathy (6.0%, n = 7). Most of these sequelae were present in 
combination, but some also occurred as standalone sequelae (see 
Table 1 for an overview of these sequelae).

Risk Factors: In 47% of cases (n = 55), no precipitating factors were 
documented. In 41.9% of cases (n = 49), fever or infection, either 
concurrent or not, was reported. Dehydration was noted in 12% of 
cases (n = 14). Additionally, 4.3% of cases (n = 5) exhibited concurrent 
or past alcohol misuse, and a similar percentage, 4.3% (n = 5), 
experienced Neuroleptic Malignant Syndrome (NMS). The 
concomitant use of medications capable of elevating lithium levels, 
such as diuretics, NSAIDs, and certain antihypertensive drugs, was 
observed in 7.7% of cases (n = 9).

Therapeutic Approaches: We did not document the therapeutic 
approach employed following the development of SILENT, as such 
descriptions were infrequent and even less comprehensive. 
Invariably, therapeutic approaches predominantly consisted of 
general rehabilitation, encompassing physical therapy, speech 
therapy, and occupational therapy.

Discussion

This study conducted an analysis of 91 articles focusing on lithium 
toxicity and its associated neurological sequelae. Our review indi-
cated that the most common clinical manifestations during the ini-
tial acute presentation involved an altered level of consciousness, 
followed by cerebellar signs. Similarly, the most frequently reported 
persistent sequelae also exhibited cerebellar characteristics. Fever 

and/or infection, followed by dehydration, were the most often 
reported risk factors. Applied therapeutic approaches were rarely 
mentioned and commonly involved a general rehabilitation of 
impaired functions.

Clinical Picture of SILENT
The onset of signs and symptoms related to lithium toxicity is gradual 
and insidious, which can lead to potential misinterpretation and mis-
diagnosis. Typically, it is only when the patient displays obvious and 
pronounced symptoms or when a clinical neurological examination 
reveals abnormalities that the possibility of lithium toxicity is taken 
into consideration.

The sequence of events often follows a rather typical pattern, resem-
bling an acute organic brain syndrome (delirium), but frequently with 
gradually worsening symptoms, starting from early and relatively 
minor signs of intoxication to more severe manifestations. While this 
sequence of events is characteristic of acute lithium intoxication, a 
similar pattern is also observed, at least initially, in patients with long-
lasting sequelae.

Cases of SILENT without an acute lithium poisoning phase are rare.12 
During the initial, acute toxic phase, various symptoms of an altered 
level of consciousness are commonly observed, such as altered men-
tal state, confusion, disorientation, obtundation, lethargy, stupor or 
coma. Besides these symptoms, an acute cerebellar syndrome with 
symptoms such as wide-based ataxic gait, dysarthria, dysmetria, 
dysdiadochokinesia, hypotonia, nystagmus and (intention) tremor is 
also commonly observed in most cases.9,103

As the presentation of SILENT in most cases typically starts with an 
acute intoxication (acute or “acute on chronic”), in the initial phase, 
no conclusion can be drawn regarding the development of SILENT. 
In the meantime, one should promptly and effectively mitigate the 
toxicity as much as possible.9,103

Historically, cerebellar sequelae has been the most commonly neu-
rological sequelae associated with SILENT, and we found a similar 
predominance in our study.

Risk Factors for Development of Syndrome of Irreversible 
Lithium-Effectuated Neurotoxicity
Risk factors for developing an acute, “acute on chronic” or chronic 
lithium intoxication are well-known such as older age, reduced kid-
ney function, dehydration, and concomitant use of diuretics.2,104 
Some of these factors were mentioned in the included cases like 
dehydration, concomitant use of diuretics or antihypertensive medi-
cations and fever/infection.

Individuals who use lithium long-term face an elevated risk for devel-
oping lithium-induced nephrogenic diabetes insipidus. This condi-
tion results in a loss of renal urine-concentrating ability, leading to an 
increased susceptibility to lithium intoxication.104

According to a recent systematic review, the connection between 
fever/infection and the development of cerebellar sequelae was 
observed primarily in cases with lithium plasma levels <2.5 mM/L 
independently from other characteristics. Furthermore, after adjust-
ing for other variables, no correlation was observed between expo-
sure to antipsychotics and the occurrence of cerebellar sequelae.12 
Nonetheless, one should be prudent to generalize the findings from 
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this review, as more large-scale studies are necessary to make firm 
conclusions.

It seems unlikely that the mechanism behind the temperature 
increase (fever or hyperthermia) plays a role, as the causal link 
between temperature elevation and cerebellar sequelae in lithium 
users is supported by the well-known sensitivity of the cerebellar cor-
tex to temperature changes.11,93

Although lithium currently is mainly used in the treatment of bipo-
lar disorder and (treatment-resistant) major depression,4,105,106 it has 
been suggested that patients with schizoaffective disorder and 
marked psychotic symptoms may be more susceptible to lithium 
toxicity than most bipolar patients.10,107

Elderly patients also have a higher risk for lithium intoxication. It is 
estimated that approximately 25% of all patients with bipolar disor-
der are elderly,108 who are deemed more vulnerable for various rea-
sons. Recent and relatively preliminary research indicated that higher 
age is associated with an increased level of neurological soft signs 
(NSS), which are subtle neurological abnormalities comprising defi-
cits in sensory integration, motor coordination, and sequencing of 
complex motor acts. Moreover, bipolar disorder type I is associated 
with a higher degree of NSS compared to bipolar disorder type II. 
Furthermore, schizophrenia is linked to a greater extent of NSS than 
bipolar disorder.109–111 It therefore could be hypothesized that elderly 
patients with one of these diagnoses might be even more suscep-
tible to the potential (long-term) toxic effects of lithium.

Kidney function naturally decreases with age as part of the normal 
aging process. Generally, elderly patients also have a higher preva-
lence of comorbidities, such as cardiovascular diseases, impaired 
kidney function, and cognitive issues. Moreover, long-term lithium 
treatment is associated with an increased decline in GFR (glomerular 
filtration rate) and a doubled risk of developing chronic kidney fail-
ure.112,113 As a logical consequence, older adults are at a higher risk of 
experiencing the adverse effects of lithium, including the develop-
ment of (neuro)toxicity.114 Therefore, lower lithium levels, that have 
been proven to be effective, are pursued.106,115

Higher lithium levels confer a higher risk of lithium toxicity. Even at 
lithium levels within normal limits, toxicity can occur. From clinical 
experience, we know that some people already develop toxic symp-
toms at lower levels, while others still do not show toxic symptoms 
at high levels.

The contributing factors are unknown. This requires high-quality and 
comprehensive research on this topic in a systematic and standard-
ized way to better understand this phenomenon.

In none of the reports or reviews, we could find information on 
whether experiencing previous lithium intoxications makes individu-
als more susceptible to develop SILENT later in life if lithium therapy 
is continued.

Therapeutic Strategies
We presume that SILENT is frequently overlooked or attributed to 
other factors, especially in a population with chronic psychiatric 
conditions and defective features. It appears to encompass a spec-
trum of potential complications, with cerebellar sequelae being 
the most characteristic. Nonetheless, it is an extremely deleterious 

iatrogenic complication. The unpredictable nature of lithium neuro-
toxicity underscores the importance of vigilant patient monitoring 
and education. If symptoms of lithium intoxication arise, even with 
serum concentrations within the therapeutic range, it is crucial to 
reduce or discontinue lithium treatment until the symptoms subside. 
In some cases of elevated lithium levels, haemodialysis is started, 
though further refinement of the current EXTRIP criteria is necessary 
to offer more precise guidance on which lithium-intoxicated patients 
are likely to benefit from haemodialysis.116 In fact, in clinical practice 
other levels of what is considered as toxic are used.117 Moreover, there 
is currently insufficient evidence to suggest that this intervention can 
prevent the development of neurological damage.118

Once irreversible damage occurs, significant treatment challenges 
arise. While some patients recover spontaneously, even after two 
months, the extent of recovery varies. In certain cases, the sequelae 
persist despite the passage of time. The neurological sequelae should 
be treated according to available options. Physiotherapy focusing 
on enhancing balance reactions, trunk stability, and coordination, 
logopedic training for speech rehabilitation and addressing dyspha-
gia-related concerns, and occupational therapy, to enhance overall 
self-sufficiency are utilized.61,70

A brief clinical neurological examination (including mental status, 
cranial nerves, motor and sensory assessment, coordination, reflexes 
and gait) to rule out subclinical signs of toxicity should undoubt-
edly be part of standard practice. Whether the implementation of 
NSS and cerebellar soft signs assessment in clinical practice provides 
added value will need to be determined through longitudinal studies 
that evaluate the associations between the severity of the pathology, 
psychosocial functioning, clinical outcomes, and structural and func-
tional brain changes.110

Pathophysiology of Lithium-Induced Neurological Sequelae
Some neuropathological reports suggest that lithium may affect 
calcium homeostasis within Purkinje cells, leading to their selective 
impairment.16,54,83 Adityanjee et  al9 proposed the hypothesis that 
lithium could induce demyelination in various brain regions, includ-
ing the cerebellum. It has been reported that hyperthermia/fever can 
also cause cerebellar atrophy.19,93 As described above, fever is linked 
with the development of cerebellar sequelae.12

Nevertheless, the exact mechanism behind lithium-induced neuro-
logical sequelae, with a seemingly propensity for selective cerebellar 
damage, remains unclear, and it is possible that it is not solely attrib-
uted to lithium-induced neurotoxicity. For instance, it could be linked 
to significant osmotic fluctuations caused by volume depletion and 
dehydration resulting from nephrogenic diabetes insipidus, which 
might be more prevalent among elderly individuals, chronic lithium 
users, and those with impaired kidney function.116

The Concept of Syndrome of Irreversible Lithium-Effectuated 
Neurotoxicity
In accordance with other reviews9–12 we used the definition of SILENT 
as introduced by Schou7: “prolonged neurological sequelae lasting 
for a minimum duration of two months after the discontinuation of 
lithium”. Nevertheless, the validity of this definition remains a sub-
ject of debate. Tesio,119 for example, proposed that the diagnosis of 
SILENT should involve the presence of persistent cerebellar signs 
for at least six months after the occurrence of lithium poisoning and 
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discontinuation of lithium treatment. Khanna70 observed that signifi-
cant continuous improvement can occur within the first 6 months, 
resulting in nearly complete recovery by the end of 9 months. In an 
effort to avoid therapeutic nihilism, it was therefore suggested by 
Khanna that the condition should be considered irreversible only 
if no substantial (less than 50%) recovery takes place in the initial 6 
months. However, this proposal was not further explored or adopted. 
Taken all together, the concept of SILENT remains somewhat unclear.

As compared to previous reviews, the results of this scoping review 
did not reveal new findings about the syndrome, we can conclude 
that the scientific knowledge about this phenomenon has not 
advanced much since its initial reports. It is striking that, apart from 
available case reports and a few reviews, no dedicated research has 
been carried out to better understand this phenomenon. We also 
presume that there is significant underreporting of this syndrome 
due to a lack of recognition of cases that could potentially be diag-
nosed as SILENT. Although the use of lithium has become much more 
stringent than it has been in past years, and the occurrence of SILENT 
is rather exceptional, raising awareness about SILENT nevertheless 
remains crucial to avoid deleterious neurological consequences. 
This requires, in the first instance, a precise clinical description of the 
syndrome. Moreover, conducting high-quality and comprehensive 
research on this topic in a systematic and standardized way is also 
needed to better understand this phenomenon.

Limitations
Despite a comprehensive and systematic search of the literature, it 
is still possible that some relevant articles may have been missed 
as we excluded grey literature. We also excluded articles written in 
other languages than Dutch or English. Despite this, we believe that 
it is unlikely that these reports would have influenced the results 
significantly, due to the limited amount of cases they would add. 
Furthermore, there were great variations in the quality and depth of 
information provided in the included articles. The heterogeneity of 
reporting in case reports can pose challenges when attempting to 
synthesize the data.\
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