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Introduction. Lithium is considered a first-line therapy for both the acute phase and the maintenance of bipolar disorder. Many
studies highlighted its neuroprotective and neuroplastic capacity suggesting a potential usefulness in the treatment of
neurodegenerative diseases. Despite the undeniable efficacy, lithium clearly presents several adverse effects including
neurotoxicity, also known as lithium encephalopathy, regarding both neurological, psychiatric, and cognitive side effects. In
this case, adverse reactions are not always related to its serum levels, possibly appearing within the therapeutic range. Case
Presentation. We analyzed the case of a bipolar patient who has been uncontinuosly treated with lithium salts since the onset
of the psychopathological picture. Over the years, the average values of lithemia always remained around 0.60-0.70mEq/L, but
in 2019, the patient begun to manifest distal tremors and in the mandibular district accompanied, in the following months, by
psychomotor slowdown, generalized tremors, reduced alertness, spatiotemporal disorientation, and aphasia. While alterations
referable to neurodegenerative diseases were excluded, EEG maintained rhythm alteration 1 year after the probable
intoxication. Discussion. This case confirms the central role of EEG for lithium neurotoxicity, while its dosages are in
therapeutic range, being plasma levels are not always indicative of liquoral and neuronal lithium’s levels. We highlight the
importance of an early diagnosis of lithium encephalopathy proposing EEG as an indispensable tool for assessing lithium
neurotoxicity both in acute and chronic intoxication.

1. Introduction

Since the discovery of its medical properties, lithium has
been one of the main protagonists of the pharmacological
treatment of many psychiatric disorders [1–3]; its popularity
certainly became unmatched in the late ‘40s with its applica-
tion in the therapy of affective disorders [4, 5]. Despite the
discovery and introduction of a new generation of mood sta-
bilizers, lithium is still considered a first-line therapy for
both the acute phase and maintenance of bipolar disorder
(BD) [6, 7] and an additional treatment in major depression
[8, 9]. To his fame and longevity, surely contributed the fact
that to this day, it remains the only compound with estab-
lished antisuicidal properties [10–14] and the only whose

prophylactic effect is proven on both new depressive and
maniacal episodes [3, 15, 16].

Lithium’s mechanisms of action underlying its mood-
stabilizing properties have not yet been fully clarified [17].
Many studies highlighted its effect on preventing neural
apoptosis and increasing the excretion of neurotrophic fac-
tors [18], modulating autophagy, oxidative stress and over-
regulation of mitochondrial function [19], and reducing
the proinflammatory state [20], thus explaining its suggested
neuroprotective and neuroplastic capacity [8, 21, 22]. Recent
findings also suggest its usefulness in the treatment of neuro-
degenerative diseases, neurodevelopmental disorders, and
hypoxic ischemic/traumatic brain injury [8]. A recent study,
interestingly, investigated the presence of biomarkers that
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could predict acute and long-term treatment response to a
lithium therapy in BD patients [23]. Despite the undeniable
efficacy and the presence of a retard formulation with greater
efficacy and lower adverse effects [24], lithium clearly pre-
sents some management issues due to its narrow therapeutic
index and several potential side effects that could limit its use
in clinical practice [25, 26].

Particularly, a prolonged administration can lead to
damage of the kidney’s primary via tubular damage—result-
ing in polyuria and neurogenic diabetes insipidus—and glo-
merular damage [27] and alterations in thyroid’s function,
mainly hypothyroidism and more rarely hyperthyroidism
[28, 29]; for these reasons, regular monitoring of renal and
thyroid function is highly recommended during treatment
[26]. Moreover, lithium can lead to increased serum levels
of parathyroid hormone and calcium, in some cases, result-
ing in hyperparathyroidism and hypercalcemia [30] and in
a possible aggravation of some dermatological pathologies
such as psoriasis [26, 31].

Another highly relevant concern is its referred neurotox-
icity, also known as lithium encephalopathy, regarding both
neurological, psychiatric, and cognitive side effects. In this
case, adverse reactions are not always related to its serum
levels, possibly appearing within the therapeutic range, for
plasma levels may not always be indicative of liquoral and
neuronal lithium’s levels [32], and may be both reversible
or irreversible depending on the timeliness of identification
and treatment [33].

Neurotoxicity can occur during the first days of treatment
as well as after years of maintenance therapy and is character-
ized by neurological signs (ataxia, dysarthria, tremor, reduced
motor coordination, speech articulation alteration, rigidity,
extrapyramidal symptoms, asthenia, fasciculations, and con-
vulsions), cognitive signs (temporal-spatial disorientation,
concentration, comprehension, mnemonic, and associative
ability deficits), and psychic signs (restlessness, irritability,
confusion, bizarre behavior, and delirium) [32, 34].

In this paper, we aim to describe a peculiar case on
lithium-induced neurotoxicity happened within the thera-
peutic range of lithemia, after many years of treatment.

2. Case Presentation

Q. X. is a 63-year-old woman with a long history of BD with
mixed episodes. She is unmarried, retired, and lives alone. Q.
X. shared a positive anamnesis for mood disorders with her
mother, who suffered from a depressive-anxious disorder
and her niece who was recently diagnosticated with BD type
I; none of them have been treated with lithium. Since adoles-
cence, she showed cyclothymic-irritable temperament with
an inclination to impulsivity, affective instability, and sud-
den anger’s outbursts that caused impairment of interper-
sonal relationships. The onset of the psychopathological
picture goes back to the age of 19 when, following her sister’s
sudden death, she experienced depressive mood with dys-
phoric cues, apathy, abulia, and elevation of anxiety, Hyper-
arousal, intrusive thoughts, and reexperiencing. The
symptomatology resolved spontaneously without needing a
pharmacological treatment. After 11 years, consequently to

the ending of a sentimental relationship, she underwent a
resurgence of the previously described picture; this time,
addressing a psychiatrist who prescribed a therapy based
on lithium salts, at unspecified dosage. In the years, she
was followed by many specialists who discontinued treat-
ment with lithium salts and carried out several unspecified
therapeutic modifications, with little psychoaffective com-
pensation, only to reintroduce lithium in 2008 (lithium car-
bonate up to 750mg/day), over time variously associated
with antipsychotics, antidepressants, and benzodiazepines,
with a good psychoaffective and sociooccupational compen-
sation. Over the following years, the average values of lithe-
mia always remained around 0.60-0.70mEq/L. In 2019, at
61, the patient begun to manifest distal tremors in the
extremities of the upper limbs and in the mandibular dis-
trict. For this reason, in January 2020, she underwent a
cerebral SPECT with DaTscan whose results were not com-
patible with a nigrostriatal degeneration.

In September 2021, following her retirement, she faced a
resurgence of the symptomatology with depressed mood,
reduced energy level, irritability, social withdrawal, increased
anxiety levels, and feelings of emptiness and loneliness with
a tendency to clinophilia, referring also an aggravation of the
tremors for which she received a diagnosis of “Essential
Tremor” and a prescription for propanolol without however
perceiving a clinical benefit and therefore, subsequently and
independently suspended. In December 2021, for the wors-
ening of the tremors that now also involved the lower limbs
and three episodes of sudden fall accompanied by psycho-
motor slowdown, generalized tremors, reduced alertness,
spatiotemporal disorientation, and aphasia, Q.X. made
numerous accesses to the local E.R. without however refer-
ring any clinical improvement. She was therefore admitted
to the local hospital psychiatric department where she
underwent a dosage of lithemia (0.83mEq/L at the time of
hospitalization) and the complete interruption of the psy-
chopharmacological therapy. Five days later, Q.X. was trans-
ferred to the neurologic department where she underwent a
rachicentesis, resulting negative for autoimmune encepha-
lopathy autoantibodies, TAU/B-amyloid protein and protein
14.3.3, a brainstem MRI that did not show any significant
alteration, and CT scan that excluded the presence of blood
collections and focal densitometric alterations. The neuro-
logical evaluation deposed for a case of extrapyramidal dis-
ease a treatment with levodopa/carbidopa up to 100/25mg/
day was suggested, still without benefits. During the hospi-
talization, Q.X. showed a progressive improvement in vigi-
lance, spatiotemporal orientation, and motor skills.

One month later, Q.X. was discharged with a final diag-
nosis of “Acute behavioral decompensation in subjects with
BD with negative neurological investigations” and a therapy
based on valproic acid (750mg/day), quetiapine (100mg/
day), and diazepam (8mg/day). During the following days,
Q.X. re-presented a depressive mood, elevated anxiety and
internal tension, emotional lability with crying crisis, social
withdrawal, and tendency to clinophilia. For this reason,
she was then hospitalized in the psychiatric ward of Pisa
Hospital. At the beginning of hospitalization, Q.X. showed
distal tremors in the upper limbs bilaterally and at the
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mandibular region. She underwent a routine ECG and blood
test resulting normal except for a slight anemia and minor
alteration in the metabolic profile. Electrolytes, coagulation
profile, renal, and thyroid function were found normal. An
EEG was performed (Figures 1 and 2), reporting a
symmetrical trace, consisting of a background rhythm at
8-9Hz, not very regular, distributed on the posterior
regions, reacting to the opening of the eyes, interspersed
at rapid bianterior rhythms, and isolated potential theta
sometimes of pointed appearance mainly anterior and
resulting in “isolated pointed anomalies with anterior
prevalence” and a neurological consultation suggested a
possible compatibility with lithium encephalopathy. During
the hospital stay, Q.X. was treated with valproic acid
(900mg/day), quetiapine (100mg/day), paroxetine (20mg/
day), trimipramine (35mg/day), diazepam (7mg/day), and
pramipexole (0.36mg/day) showing a progressive
improvement with the reduction of the tremor until
complete disappearance, mood improvement, reduction of
the internal tension and anxious quota, disappearance of
emotional lability, and adequate thinking in form and
content. The improvement was such as to allow her
discharge from the hospital.

3. Discussion

We analyzed the case of a bipolar patient who experienced a
lithium neurotoxicity despite a normal lithemia.

For the past eighty years, lithium has been the preferred
therapy for the long-term management of bipolar patients
[35–37] leading to a better outcome in both BD-I and
BD-II patients [38]. The neurotoxic effect of elevated lithium
plasma levels is well known and documented [32, 39]; how-
ever, literature reporting cases of encephalopathy occurring
while in the therapeutic range is still scarce [33, 39].

To the best of our knowledge, the first occurrence was
described by West et al., who reported cases of neurotoxicity
in patients in manic or psychotic phase with a psychophar-
macologic therapy based on lithium only, in therapeutic
range [39]. Later, Fetzer et al. [40] collected three cases of
patients with organic brain syndrome and neuropsychologi-
cal dysfunction, whose EEG showed abnormal slow-diffused
theta activity, treated with lithium in addition to neuroleptic
and with lithium level’s range between 0.7mEq/liter and
1.3mEq/liter. The encephalopathy was resolved only
interrupting the therapy and led Fetzer to hypothesize that
a conjunction between lithium at therapeutic doses and
neuroleptics could cause neurotoxicity [40].

More recently, Sarappa et al. described a case of possible
lithium encephalopaty referring to EEG as important instru-
ment for early reporting of lithium neurotoxicity when dos-
ages are in therapeutic range [33]. Although Q.X. arrived
late at our observation and the symptoms of a possible
encephalopathy did not express an acute intoxication, we
found similarities with Sarappa et al.’s case.

In both cases, the scintigraphy excluded alterations refer-
able to neurodegenerative diseases and comparing the EEGs,
a common background trace characterized by diffuse alter-
ation with unstable dominant activity at 8-8.5 cycles/sec

mixed with theta waves was highlighted [33]; moreover,
the symptoms appeared after a progressive suspension of
the lithium. Interestingly, Q.X. maintained an EEG rhythm
alteration 1 year after the probable intoxication, confirming
the central role of EEG in detecting chronic lithium
neurotoxicity.

Ultimately, lithium effective therapy in BD has a limited
tolerability even when its dosages fall within the therapeutic
range [33, 40].

The case of Q.X. highlights the importance of an early
diagnosis of lithium encephalopathy and, in accordance with
previous literacy, proposes EEG as an indispensable tool for
assessing lithium neurotoxicity both in acute and chronic
intoxication. In our case, we decided to not reintroduce lith-
ium; instead, we initiated a mood-stabilizing therapy with
valproate, after evaluating hepatic functionality and the risk/
benefit ratio. Previous studies suggested a possible reintroduc-
tion of lithium at the lowest dose after the complete remission
of the symptoms, but also reported, soon after the reintroduc-
tion, the reactivation of neurological adverse effects [41].

Finally, a note of interest should also be given to the
patient's psychiatric history which represents an excellent
example of how the trajectory of the disease may evolve
during the course of life. On an underlayer of vulnerability,
portrayed by autistic traits and personality traits belonging
to cluster B, a major trauma represented by the sudden loss
of a close relative led to a posttraumatic symptomatology
and to an exacerbation of a severe BD, with many recurrent
mixed episodes [42–44].

Data Availability

All data generated or analyzed during this study are included
in this published article.

Consent

A written informed consent of publication was obtained
directly by the involved subjects. A copy of the consent
forms is available for the editor to review upon request.

Conflicts of Interest

The authors declare that they have no competing interests.
No specific grant from any funding agency in the public,
commercial, or not-for-profit sectors exist.

Supplementary Materials

The supplementary file “EEG” reports the electroencephalo-
gram performed on the patient during the hospitalization, also
reported in Figures 1 and 2. A written consent for publication
was given by the patient, after seeing the copy of the manu-
script, agreeing that the authors have removed as much iden-
tifying information as possible. (Supplementary Materials)

References

[1] F. N. Johnson, Ed., The History of Lithium Therapy, McMillan,
London, 1984.

3Case Reports in Psychiatry

https://downloads.hindawi.com/journals/crips/2022/8052471.f1.zip


[2] S. W. Mitchell, “On the use of bromide of lithium,” The Amer-
ican Journal of the Medical Sciences, vol. 60, pp. 443–445, 1870.

[3] E. Shorter, “The history of lithium therapy,” Bipolar Disorders,
vol. 11, Supplement S2, pp. 4–9, 2009.

[4] J. F. Cade, “Lithium salts in the treatment of psychotic excite-
ment,” The Medical Journal of Australia, vol. 2, no. 10,
pp. 349–352, 1949.

[5] F. López-Muñoz, C. Alamo, and E. Cuenca, Eds., Sales de litio y
otros reguladores del humor. En: Historia de la Neuropsicofar-
macología, Ediciones Eurobook S.L., Madrid, 1998.

[6] R. W. Licht, “Lithium: still a major option in the management
of bipolar disorder,” CNS Neuroscience & Therapeutics, vol. 18,
no. 3, pp. 219–226, 2012.

[7] E. M. Grandjean and J. M. Aubry, “Lithium: updated human
knowledge using an evidence-based approach: part I: clinical
efficacy in bipolar disorder,” CNS Drugs, vol. 23, no. 3,
pp. 225–240, 2009.

[8] L. Dell’Osso, C. Del Grande, C. Gesi, C. Carmassi, and
L. Musetti, “A new look at an old drug: neuroprotective effects
and therapeutic potentials of lithium salts,” Neuropsychiatric
Disease and Treatment, vol. 12, pp. 1687–1703, 2016.

[9] R. M. Hirschfeld, Ed., Guideline Watch: Practice Guideline for
the Treatment of Patients with Bipolar Disorder, Arlington,
VA, American Psychiatric Association, 2005.

[10] R. J. Baldessarini, L. Tondo, and J. Hennen, “Lithium treat-
ment and suicide risk in major affective disorders: update
and new findings,” The Journal of Clinical Psychiatry, vol. 64,
Supplement S5, pp. 44–52, 2003.

[11] A. Cipriani, K. Hawton, S. Stockton, and J. R. Geddes, “Lith-
ium in the prevention of suicide in mood disorders: updated
systematic review and meta-analysis,” BMJ, vol. 346, article
f3646, 2013.

[12] R. J. Baldessarini, L. Tondo, P. Davis, M. Pompili, F. K.
Goodwin, and J. Hennen, “Decreased risk of suicides and
attempts during long-term lithium treatment: a meta-
analytic review,” Bipolar Disorders, vol. 8, pp. 625–639, 2006.

[13] R. J. Baldessarini and L. Tondo, “Suicidal risks during treat-
ment of bipolar disorder patients with lithium versus anticon-
vulsants,” Pharmacopsychiatry, vol. 42, no. 2, pp. 72–75, 2009.

[14] D. De Berardis, F. Vellante, M. Pettorruso et al., “Suicide and
genetic biomarkers: toward personalized tailored-treatment
with lithium and clozapine,” Current Pharmaceutical Design,
vol. 27, no. 30, pp. 3293–3304, 2021.

[15] J. R. Geddes and D. J. Miklowitz, “Treatment of bipolar disor-
der,” Lancet, vol. 381, no. 9878, pp. 1672–1682, 2013.

[16] BALANCE investigators and collaborators, “Lithium plus
valproate combination therapy versus monotherapy for
relapse prevention in bipolar I disorder (BALANCE): a rando-
mised open-label trial,” The Lancet, vol. 375, no. 9712,
pp. 385–395, 2010.

[17] E. Won and Y. K. Kim, “An oldie but goodie: lithium in the
treatment of bipolar disorder through neuroprotective and
neurotrophic mechanisms,” International Journal of Molecu-
lar Sciences, vol. 18, no. 12, p. 2679, 2017.

[18] M. Bauer, M. Alda, J. Priller, and L. T. Young, “Implications of
the neuroprotective effects of lithium for the treatment of
bipolar and neurodegenerative disorders,” Pharmacopsychia-
try, vol. 36, Supplement 3, pp. 250–254, 2003.

[19] O. V. Forlenza, V. J. De-Paula, and B. S. Diniz, “Neuroprotec-
tive effects of lithium: implications for the treatment of Alzhei-

mer's disease and related neurodegenerative disorders,” ACS
Chemical Neuroscience, vol. 5, no. 6, pp. 443–450, 2014.

[20] E. Beurel, S. M. Michalek, and R. S. Jope, “Innate and adaptive
immune responses regulated by glycogen synthase kinase-3
(GSK3),” Trends in Immunology, vol. 31, no. 1, pp. 24–31,
2010.

[21] L. Dell'Osso, C. Carmassi, A. Del Debbio et al., “Brain-derived
neurotrophic factor plasma levels in patients suffering from
post-traumatic stress disorder,” Progress in Neuro-
Psychopharmacology & Biological Psychiatry, vol. 33, no. 5,
pp. 899–902, 2009.

[22] L. Dell'Osso, A. Del Debbio, A. Veltri et al., “Associations
between brain-derived neurotrophic factor plasma levels and
severity of the illness, recurrence and symptoms in depressed
patients,” Neuropsychobiology, vol. 62, no. 4, pp. 207–212,
2010.

[23] M. Fornaro, D. De Berardis, A. Anastasia et al., “The identifi-
cation of biomarkers predicting acute and maintenance lith-
ium treatment response in bipolar disorder: a plea for further
research attention,” Psychiatry Research, vol. 269, pp. 658–
672, 2018.

[24] G. Martinotti, M. Pettorruso, D. De Berardis et al., “Utilizzo
clinico del litio e nuova formulazione a rilascio prolungato:
risultati di una survey su psichiatri italiani,” Rivista di Psichia-
tria, vol. 55, no. 5, pp. 269–280, 2020.

[25] R. F. McKnight, M. Adida, K. Budge, S. Stockton, G. M. Good-
win, and J. R. Geddes, “Lithium toxicity profile: a systematic
review and meta-analysis,” The Lancet, vol. 379, no. 9817,
pp. 721–728, 2012.

[26] U. Albert, D. De Cori, G. Blengino, F. Bogetto, and G. Maina,
“Lithium treatment and potential long-term side effects: a sys-
tematic review of the literature,” Rivista di Psichiatria, vol. 49,
no. 1, pp. 12–21, 2014.

[27] W. R. Adam, I. Schweitzer, and R. G. Walker, “Trade-off
between the benefits of lithium treatment and the risk of
chronic kidney disease,” Nephrology, vol. 17, no. 8, pp. 776–
779, 2012.

[28] D. Kibirige, K. Luzinda, and R. Ssekitoleko, “Spectrum of lith-
ium induced thyroid abnormalities: a current perspective,”
Thyroid Research, vol. 6, no. 1, p. 3, 2013.

[29] L. N. Yatham, S. H. Kennedy, C. O'Donovan et al., “Canadian
Network for Mood and Anxiety Treatments (CANMAT)
guidelines for the management of patients with bipolar disor-
der: update 2007,” Bipolar Disorders, vol. 8, no. 6, pp. 721–739,
2006.

[30] H. M. Khandwala and S. Van Uum, “Reversible hypercalcemia
and hyperparathyroidism associated with lithium therapy:
case report and review of literature,” Endocrine Practice,
vol. 12, no. 1, pp. 54–58, 2006.

[31] M. Jafferany, “Lithium and psoriasis: what primary care and
family physicians should know,” Prim Care Companion J Clin
Psychiatry, vol. 10, no. 6, pp. 435–439, 2008.

[32] J. Cookson, “Lithium: balancing risks and benefits,” The Brit-
ish Journal of Psychiatry, vol. 171, no. 2, pp. 120–124, 1997.

[33] C. Sarappa, R. Delli Veneri, and G. Muscettola, “A case of lith-
ium salts encephalopathy: the diagnostic role of EEG,” Gior-
nale Italiano di Psicopatologia, vol. 13, pp. 374–377, 2007.

[34] B. Shopsin and S. Gershon, “Pharmacology-toxicology of the
lithium ion,” in Lithium. Its role in psychiatric research and
therapy, S. Gershon and B. Shopsin, Eds., pp. 110–113, Plenum
Press, New York - London, 1973.

4 Case Reports in Psychiatry



[35] J. F. Hayes, L. Marston, K. Walters, J. R. Geddes, M. King, and
D. P. Osborn, “Lithium vs. valproate vs. olanzapine vs. quetia-
pine as maintenance monotherapy for bipolar disorder: a
population-based UK cohort study using electronic health
records,” World Psychiatry, vol. 15, no. 1, pp. 53–58, 2016.

[36] L. V. Kessing, M. Bauer, W. A. Nolen, E. Severus, G. M.
Goodwin, and J. Geddes, “Effectiveness of maintenance
therapy of lithium vs other mood stabilizers in monotherapy
and in combinations: a systematic review of evidence from
observational studies,” Bipolar Disorders, vol. 20, no. 5,
pp. 419–431, 2018.

[37] L. Musetti, A. Tundo, A. Benedetti et al., “Lithium, valproate,
and carbamazepine prescribing patterns for long-term treat-
ment of bipolar I and II disorders: a prospective study,”
Human Psychopharmacology, vol. 33, no. 6, article e2676,
2018.

[38] C. Del Grande, M. Muti, L. Musetti et al., “Long-term treat-
ment of bipolar disorder: how should we use lithium salts?,”
Rivista di Psichiatria, vol. 47, no. 6, pp. 515–526, 2012.

[39] A. P. West and H. Y. Meltzer, “Paradoxical lithium neurotox-
icity: a report of five cases and a hypothesis about risk for neu-
rotoxicity,” The American Journal of Psychiatry, vol. 136, no. 7,
pp. 963–966, 1979.

[40] J. Fetzer, G. Kader, and S. Danahy, “Lithium encephalopathy: a
clinical, psychiatric, and EEG evaluation,” The American Jour-
nal of Psychiatry, vol. 138, no. 12, pp. 1622-1623, 1981.

[41] A. Jha, N. M. Pai, S. Ganjekar, G. Desai, and S. K. Chaturvedi,
“Resurrecting the discussion on neurotoxicity of lithium at
therapeutic levels,” International Clinical Psychopharmacol-
ogy, vol. 36, no. 2, pp. 106–108, 2021.

[42] C. Carmassi, C. A. Bertelloni, V. Dell'Oste et al., “Post-
traumatic stress burden in a sample of hospitalized patients
with bipolar disorder: which impact on clinical correlates
and suicidal risk?,” Journal of Affective Disorders, vol. 262,
pp. 267–272, 2020.

[43] L. Dell'Osso, B. Carpita, C. A. Bertelloni et al., “Subthreshold
autism spectrum in bipolar disorder: prevalence and clinical
correlates,” Psychiatry Research, vol. 281, article 112605, 2019.

[44] L. Dell'Osso, E. Da Pozzo, C. Carmassi, M. L. Trincavelli,
A. Ciapparelli, and C. Martini, “Lifetime manic-hypomanic
symptoms in post-traumatic stress disorder: relationship with
the 18 kDa mitochondrial translocator protein density,” Psy-
chiatry Research, vol. 177, no. 1-2, pp. 139–143, 2010.

5Case Reports in Psychiatry


	A Case of Lithium Encephalopathy with Therapeutic Lithium Levels: The Diagnostic Role of EEG
	1. Introduction
	2. Case Presentation
	3. Discussion
	Data Availability
	Consent
	Conflicts of Interest
	Supplementary Materials



