
BRIEF REPORT
Lithium Carbonate in a Poststroke Population
Exploratory Analyses of Neuroanatomical and Cognitive Outcomes
Yue Ran Sun, MSc,*†‡Nathan Herrmann, MD,*†§|| Christopher J.M. Scott, BScH,†¶ Sandra E. Black, MD,†||¶
Richard H. Swartz, MD,†¶# Julia Hopyan, MD,†# and Krista L. Lanctôt, PhD*†‡§||
Abstract:
Purpose/Background: Loss of gray matter after stroke has been asso-
ciated with cognitive impairment. This pilot study aimed to investigate the
therapeutic potential of lithium, a putative neurotrophic agent, in the stroke
recovery process within a year of stroke occurrence.
Methods: Twelve stroke patients (mean ± SD age, 71.1 ± 11.9 years)
were recruited to the study, and eligible participants were prescribed
open-label lithium for 60 days. Magnetic resonance imaging was used to
assess global gray matter at baseline and end of treatment; global cognition
was assessed using the standardized Mini-Mental State Examination and
Montreal Cognitive Assessment, and verbal memory was evaluated using
the Hopkins Verbal Learning Test—Revised.
Findings/Results: Therewas no difference in global graymatter volume
between baseline and follow-up (t = 1.977, P = 0.074). There was a signif-
icant interaction between higher lithium dose and increased global gray
matter volume (F = 14.25,P = 0.004) and a correlation between higher lith-
ium dose and improved verbal memory (r = 0.576, P = 0.05).
Implications/Conclusions: Lithiumpharmacotherapymay be associated
with gray matter volume change and verbal memory improvement in stroke
patients, providing a rationale for future trials assessing therapeutic poten-
tial of lithium in a poststroke population.
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A pproximately 795,000 strokes occur in the United States each
year, and stroke remains a leading cause of death globally.1

Of the different types of stroke, ischemic stroke is by far the most
common, accounting for 87% of stroke cases.1 Immediately after
the ischemic event, excitotoxicity, oxidative stress, and inflamma-
tion all contribute to neuronal damage and atrophy.2 These apo-
ptotic processes culminate in observable changes in gray matter
volume after stroke.3 Diminishing gray matter volume is associ-
ated with cognitive impairment4 and notable in a large number
of stroke survivors,5 and the presence of cerebral infarcts increases
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the risk of dementia.6 Although there is some spontaneous recov-
ery after stroke,7 poststroke cognitive impairment does not improve
in a large proportion of patients.8

Currently, pharmacotherapy after stroke is limited to acute
thrombolysis9 and prophylaxis addressing underlying risk factors
of stroke (eg, hypertension, dyslipidemia, and atrial fibrillation).1,10

Addressing cognitive and functional impairment has largely been
left to rehabilitation programs. Although rehabilitation is associ-
ated with better functional outcomes, there is limited evidence
on its benefits for cognition.11 Previously published guidelines
have also highlighted the limited benefits of pharmacotherapies
such as cholinesterase inhibitors for poststroke cognitive impair-
ment.12 Therefore, it is prudent to develop new strategies to com-
plement and strengthen current poststroke treatments.

Given that clinical outcomes after stroke are attributable to
neuroanatomical changes,13 pharmacological agents that target
neuroanatomical remodeling are a promising avenue of study.
Lithium is recommended as a first-line option when it comes to
prophylaxis of mood disorders.14 Lithium has been shown to pro-
tect against neuronal apoptosis, promote factors associated with
neurogenesis, and increase global gray matter volumes, making it
an attractive candidate to study in poststroke neuronal atrophy.15,16

Lithium therapy has also been reported to be associatedwith cognitive
changes, including improvement in verbal memory.17–19

Our pilot study aimed to assess changes in gray matter volume
and cognitive function in a lithium-treated poststroke population.

MATERIALS AND METHOD

Study Design
Men and women older than 40 years who met the World

Health Organization MONICA Project and National Institute of
Neurological Disorders and Stroke criteria for a recent (<1 year)
ischemic cortical stroke (evidenced by magnetic resonance imag-
ing [MRI] report from stroke neurologist) were recruited. All par-
ticipants were required to speak and understand English. We
excluded individuals who had evidence of hemorrhagic stroke,
aphasia, significant acute medical illness, acute neurological illness,
or psychiatric illnesses other than depression; individuals who met
inclusion criteria but had contraindications to lithium treatment
were enrolled in the study but were not initiated on lithium treat-
ment. This study was approved by the Research Ethics Board at
Sunnybrook Health Sciences Centre, and we received written in-
formed consent from all patients enrolled in the study; this study
is registered on clinicaltrials.gov (NCT01112813).

Treatments and Monitoring
After obtaining informed consent from eligible patients, lith-

ium carbonate (Carbolith; Valeant Canada Ltd, Montreal, Canada)
was administered open label for 60 days, with target serum lithium
concentrations of 0.4 to 0.8 mmol/L. However, participants who
did not reach target serum lithium concentrations were not
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withdrawn from the study. Participants were monitored over the
course of treatment of adverse events using the Udvalg for
Kliniske Undersogelser Side Effects Rating Scale20; in the event
of intolerable adverse events, lithium pharmacotherapy was
discontinued, but participants were followed up.

Outcome Measures

Demographics
Demographic data, including age, sex, marital status, level of

education, living situation, employment, and history of depres-
sion, were collected at screening. Date of stroke, current medica-
tions, National Institutes of Health stroke score (NIHSS), and
medical history were extracted from patient charts oncewritten in-
formed consent was received from patients.

Global Gray Matter Volume
Enrolled patients underwent MRI at baseline and termina-

tion visits. Images were acquired using a 3.0-T General Electric
MR750 scanner (GE Healthcare) with an 8-channel head coil. After
a 3-plane localizer scan, T1-weighted images were obtained using
a 3-dimensional fast spoiled gradient echo protocol (repetition time,
8.1 milliseconds; echo time, MinFull; flip angle, 8 degrees; field
of view, 22 cm; slice thickness, 1.0 mm ). T2/Proton density images
were also obtained using a dual-echo 2-dimensional fast spin echo
protocol (repetition time, 2500 milliseconds; echo time, 11.1 and
90 milliseconds; field of view, 22 cm; slice thickness, 3.0 mm).
Using Semi-Automatic Brain Region Extraction,21MRI imageswere
assessed by research staff and focal stroke tracing was verified by
an experienced neuroradiologist. Briefly, baseline masks for
supratentorial intracranial vault and regional parcellation were
coregistered to follow-up space to keep total global and regional
brain volumes invariant, for better identification of subtle regional
changes in relative gray matter, white matter, and stroke volume
tissue segmentations.

Cognitive Function
Cognitive function was assessed at baseline and termination

visits. We evaluated global cognition using the standardized Mini-
Mental State Examination (sMMSE)22 and the Montreal Cognitive
Assessment (MoCA).23 Cognitive domains were assessed using the
National Institute of Neurological Disorders and Stroke–Canadian
Stroke Network 30-minute neuropsychological protocol,24 specif-
ically using the revised Hopkins Verbal Learning Test (HVLT-R)
to assess verbal memory.25

Statistical Analyses
All data analyses were conducted using IBM SPSS Statistics

24. Using descriptive statistics, demographics such as age and sex
were characterized; days since stroke, NIHSS score, stroke vol-
ume, sMMSE, and MoCA were also calculated for the entire
group. Demographic data are presented as means or medians,
as appropriate.

Lithium treatment was analyzed in 2 ways. Cumulative lith-
ium dose (ie, sum of lithium doses across 60 days) was calculated
for all participants. Becausewe followed up all patients, regardless
of lithium treatment, we also stratified participants by average
daily lithium dose. Because 300 to 600 mg of lithium per day is
considered a therapeutic dose in patients with bipolar disorder,26

we selected 300 mg/d as the cutoff value between our 2 dose groups:
less than 300 mg/d (low-dose group) and at least 300 mg/d (high-
dose group). Demographic data between dose groups were com-
pared using a 2-tailed independent t test for continuous variables
and a 1-tailed Fisher exact test for discrete variables.
68 www.psychopharmacology.com
Change in global graymatter volumewas determined using a
2-tailed paired t test comparing global gray matter volumes at
baseline and termination. Because potential changes in global gray
matter volume may be associated with lithium dose, correlational
analysis was conducted on cumulative lithium dose and percent
change in global gray matter volume using Pearson correlation.
Furthermore, interaction between dose groups and change in global
graymatter volumewas assessed using a repeated-measures analysis
of variance, with dose group as the between-subject factor; direction
of the interaction was evaluated by comparing mean percent global
gray matter change between dose groups using a 2-tailed indepen-
dent t test. A repeated-measures analysis of covariance was con-
ducted to adjust for effects of age and baseline cognition.

Changes in verbal memory were evaluated using z scores ob-
tained from the delayed recall component of the HVLT-R. z Scores
were compared between baseline and termination using a 2-tailed
paired t test. The interaction between cumulative lithium dose
changes in this score was analyzed using a repeated-measures
analysis of covariance, with cumulative lithium dose as a covari-
ate. Direction of interaction was evaluated using Pearson correla-
tion. Furthermore, the interaction between dose group and change
in this score was assessed using a repeated-measures analysis of
variance comparing baseline and termination, with dose group
as the between-subject factor.
RESULTS

Demographic Features
Twelve patients with ischemic stroke were recruited to the

study. Participants had a mean age of 71.1 ± 11.9 years and were
evenly split between men and women. Six participants had left
hemispheric stroke, 2 had right hemispheric stroke, and 4 had bi-
lateral stroke. On average, each participant was on 5.8 ± 2.3 med-
ications and were 90.2 ± 65.3 days removed from their stroke at
baseline. Median NIHSS score at enrollment was 1 (interquartile
range [IQR], 0–1), and the average stroke volume at baseline
was 6.2 ± 8.8 mL. Median sMMSE and MoCA scores were 28
(IQR, 25–29) and 22.5 (IQR, 16–25.5), respectively (Table 1).
Baseline values were comparable between dose groups (<300 or
≥300 mg/d) for all demographic features except age (t = 2.45,
P = 0.035) and baseline MoCA score (t = −4.33, P = 0.002), with
patients in the higher-dose group scoring higher.

Of the 12 participants, 8 completed 60 days of lithium treat-
ment, 3 participants discontinued pharmacotherapy early because
of adverse events (2 cases of nausea/vomiting, 1 case of constipation),
and 1 participant was excluded because of contraindication to lithium
therapy (impaired renal function). On average, participants re-
ceived 231.0 ± 150.5 mg of lithium per day and maintained an av-
erage serum lithium level of 0.275 ± 0.190 mM.

Global Gray Matter Volume and
Cognitive Function

There was no significant difference in gray matter volumes be-
tween baseline (528.3 ± 59.2mL) and termination (524.3 ± 60.6mL;
t = 1.977, P = 0.074). There was no correlation between cumulative
lithium dose and percent change in gray matter volume (r = 0.447,
P = 0.145). However, comparing change in global gray matter
volume over time between dose groups, there was a significant in-
teraction between time and dose group (F = 14.25, P = 0.004).
This interaction remained significant after adjusting for age
(F = 10.72, P = 0.01), baseline sMMSE (F = 21.66, P = 0.001),
or MoCA scores (F = 16.13, P = 0.003). Mean percent change
in global gray matter volume was significantly different between
© 2018 Wolters Kluwer Health, Inc. All rights reserved.

http://www.psychopharmacology.com


TABLE 1. Gray Matter and Cognitive Outcomes, Baseline and Follow-Up

Assessment

Total
Subthreshold Lithium Dose

(<300-mg Daily Dose)
Lithium Therapy

(≥300-mg Daily Dose)

Baseline Follow-Up Baseline Follow-Up Baseline Follow-Up

Gray matter volume (mean ± SD), mL 528.3 ± 59.2 587.3 ± 60.6 511.5 ± 54.5 503.7 ± 53.8 562.1 ± 60.2 565.4 ± 57.8
MoCA, median (IQR) 23 (16–24) 21 (16–24) 19 (16–22) 18 (16–20) 27 (26–28) 27 (25–28)
HVLT delayed recall (mean ± SD) 4.8 ± 3.4 6.3 ± 2.7 4.4 ± 2.7 5.0 ± 1.7 5.8 ± 4.8 8.8 ± 2.6
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the 2 dose groups: at least 300 mg/d (0.63 ± 0.61) and less than
300 mg/d (−1.52 ± 1.03; t = −3.80, P = 0.003; Fig. 1).

There was no significant difference in sMMSE scores be-
tween baseline and termination (t = 0.252, P = 0.806), even after
adjusting for cumulative lithium dose (F = 0.098, P = 0.760) or
comparing between dose groups (F = 0.029, P = 0.868). Likewise,
therewas no significant difference inMoCA scores between base-
line and termination (t = 0.688,P = 0.506), even after adjusting for
cumulative lithium dose (F = 0.091, P = 0.769) or comparing be-
tween dose groups (F = 0.283, P = 0.606).

There was no significant difference in delayed recall scores
between baseline and termination. However, higher cumulative
lithium dose was associated with improvement in delayed recall
(β = 0.58, P = 0.05), where cumulative lithium dose accounted
for 27% of the variation in delayed recall change (adjusted
R2 = 0.27, F = 4.97, P = 0.05; Fig. 2). There was no significant
interaction between change in delayed recall score and dose group
(F = 0.917, P = 0.361).

DISCUSSION
This study provided preliminary data on the interactions be-

tween lithium and physiological and clinical outcomes in a poststroke
population. There was an interaction between change in global gray
matter and lithium dose group; patients who received the thera-
peutically significant daily dose of lithium (ie, 300 mg) showed
positive change in global gray matter volume, and those who re-
ceived less than the target daily dose showed negative change in
global gray matter volume. Through clinical assessments, we iden-
tified a positive association between cumulative lithium dose and
verbal memory. Findings from this study provided novel insight
into the possible relationship between lithium and neuroanatomical
FIGURE 1. Percent change in global gray matter volume was
significantly different between the 2 dose groups: at least
300 mg/d and less than 300 mg/d group (t = −3.80, P = 0.003).

© 2018 Wolters Kluwer Health, Inc. All rights reserved.
and clinical changes in a poststroke population, which could be
used to inform future studies on new pharmacotherapies for
stroke recovery.

Our study also highlighted tolerability of lithium as a po-
tential limitation for its therapeutic use in elderly stroke patients.
Patients in the higher-dose group were significantly younger than
those in the lower-dose group, suggesting lower tolerance in the
elderly. Although most were mild, 3 patients were discontinued
because of intolerable adverse events: 1 because of constipation
and 2 because of nausea and vomiting. None of thesewere consid-
ered related to the lithium.

Given tolerability of lithium in our participants, the average
serum lithium level (0.27 mM) was low and well below our target
range (0.4–0.8 mM). This may limit observed effects over time in
both neuroanatomical and clinical measures. However, previous
studies have shown that prolonged exposure to even minute
amounts of lithium may be neuroprotective,27–29 suggesting that
greater length of exposure may be needed to detect an effect at
lower dose. Furthermore, the sample size of this pilot study was
small, limiting power: based on existing literature,16 26 patients
would be needed to detect a change in global gray matter volume
over time with 80% power. In addition, there may be mediating
factors that affect the correlation of cumulative lithium dose and
change in HVLT-delayed recall. A larger sample would also allow
multiple covariates to be added to the analyses. Given that this was
an exploratory study, we did not include a placebo control arm and
lithium was prescribed open label, which can lead to bias and prac-
tice effect confounds. However, our data can be used to inform
FIGURE 2. Greater cumulative lithium dose was positively
correlated with a more positive change in delayed recall score
(r = 0.576, P = 0.05).
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design of a larger randomized, double-blind placebo-control trial
that would be required to validate the findings from this prelimi-
nary study. The lack of placebo arm also means that we cannot ac-
count for natural healing through the passage of time. However,
based on the literature, this is unlikely to have been the case, for
neither the graymatter volume finding nor the improvement in de-
layed recall. Yu et al30 found that gray matter volume decreased
from the time of stroke to 6months after stroke in most brain struc-
tures, and Cai et al31 found the same in patients 1 year after stroke.
Similarly, studies found that natural improvement of cognition
after stroke was rare.8,32

Considering the increase in stroke prevalence over time and
impact of stroke on daily function, it is imperative to develop new
strategies to improve poststroke outcomes. Our study suggested
an interaction between change in global gray matter and lithium
dose. Furthermore, we identified a positive association between
lithium dose and verbal memory. Doses of at least 300 mg/d
seemed to be required for these effects. Findings from this study
provide a preliminary signal suggesting future studies assessing
the therapeutic potential of lithium in a poststroke population
and invite further research in this area.
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