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ABSTRACT
BACKGROUND: Lithium (Li) is a ﬁrst-line treatment for bipolar disorder (BD). To study its cerebral distribution and
association with plasma concentrations, we used 7Li magnetic resonance imaging at 7T in euthymic patients with
BD treated with Li carbonate for at least 2 years.
METHODS: Three-dimensional 7Li magnetic resonance imaging scans (N = 21) were acquired with an ultra-short
echo-time sequence using a non-Cartesian k-space sampling scheme. Lithium concentrations ([Li]) were estimated
using a phantom replacement approach accounting for differential T1 and T2 relaxation effects. In addition to the
determination of mean regional [Li] from 7 broad anatomical areas, voxel- and parcellation-based group analyses
were conducted for the ﬁrst time for 7Li magnetic resonance imaging.
RESULTS: Using unprecedented spatial sensitivity and speciﬁcity, we were able to conﬁrm the heterogeneity of the
brain Li distribution and its interindividual variability, as well as the strong correlation between plasma and average
brain [Li] ([Li]B z 0.40 3 [Li]P, R = .74). Remarkably, our statistical analysis led to the identiﬁcation of a well-deﬁned
and signiﬁcant cluster corresponding closely to the left hippocampus for which high Li content was displayed
consistently across our cohort.
CONCLUSIONS: This observation could be of interest considering 1) the major role of the hippocampus in emotion
processing and regulation, 2) the consistent atrophy of the hippocampus in untreated patients with BD, and 3) the
normalization effect of Li on gray matter volumes. This study paves the way for the elucidation of the relationship
between Li cerebral distribution and its therapeutic response, notably in newly diagnosed patients with BD.
Keywords: Bipolar disorder (BD), Brain, High magnetic ﬁeld, Hippocampus, Lithium-7 (7Li), Magnetic resonance
imaging (MRI)
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Bipolar disorder (BD) is a chronic affective disorder characterized by recurrence of manic and depressive episodes and
affects 1%–3% of the adult population worldwide (1). It is a
severe and debilitating illness leading to major disruptions of
daily life and higher mortality, particularly by increasing the rate
of suicides in affected individuals (2).
For more than half a century, lithium (Li) salts have been
used to treat BD (3). Although other types of medication have
appeared since, Li has remained one of the ﬁrst-line drugs to
treat BD (4), preventing acute manic episodes (5) and lowering
the suicide rate (6). Despite decades of therapeutic use,
mechanisms underlying Li effects remain largely unknown.
One prevalent theory is that Li might exert neurotrophic and/or
neuroprotective effects on gray matter (GM), preventing GM

atrophy related to BD through inhibition of proapoptotic
pathways, such as glycogen synthase kinase-3b (7). These
effects seem to impact speciﬁc subcortical regions, which
have been widely highlighted in the literature, particularly the
hippocampus, amygdala, and thalamus (8–11). It remains unclear, however, why Li would have localized effects on speciﬁc
GM volumes. One hypothesis is that the distribution of Li
throughout the brain could be heterogeneous owing to a
discrepancy in the density of its available transporters, especially sodium channels (12,13). There is indeed strong evidence that these channels show distinct distribution across the
different regions of the human brain (14–17). The heterogeneous distribution of Li across the brain could in turn explain
why its neurotrophic effects would manifest differently across
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the brain and across patients with BD. Indeed, only 30% of
patients show an optimal outcome (18), and variability in Li
response and tolerability is poorly understood.
It is at this point that nuclear magnetic resonance (NMR)
provides a unique solution to detect and quantify in a noninvasive manner the local concentration of Li ([Li]). Indeed,
Lithium-7 (7Li), the most abundant stable Li isotope, possesses
a good NMR sensitivity (w29% of 1H), and its detection using
in vivo 7Li NMR spectroscopy has been performed successfully in animal models as well as in humans (19–21). More
recently, 7Li NMR spectroscopic imaging (22–25) and magnetic resonance imaging (MRI) (26–28) have been applied for
the noninvasive determination of brain Li distribution in patients with BD. However, the spatial resolution and precision of
those images remain limited by the low [Li] at therapeutic range
(0.3–1.0 mmol/L in the plasma). Even so, those 7Li-NMR
studies have made important observations about Li compartmentation and its cerebral distribution (21,23,25,27,29). Yet so
far, those studies have failed to identify regions of the brain
where Li would accumulate signiﬁcantly. We determined that
such limits could be addressed by acquiring 7Li MRI at 7T to
improve the spatial resolution of our Li images and consequently help in determining the heterogeneity of Li distribution
in the brain of euthymic patients with BD. In addition, we aimed
at quantifying the total brain [Li]. For this purpose, we chose to
use an ultra-short echo-time steady-state free-precession
(SSFP) sequence combined with a twisted projection imaging
k-space sampling scheme (30) with a reasonably short repetition time (TR) as was proposed by Boada et al. (31) and a
quantiﬁcation pipeline that we validated in a previous ex vivo
preclinical study on rats pretreated with Li (29).

scale) (36). Clinical details are summarized in Table 1. The
institutional review board and ethics committee (Comité de
Protection des Personnes Ile-de-France VI) approved the
study protocol in October 2016. Every patient received a
complete description of the study and gave written informed
consent.

Magnetic Resonance Data Acquisition
7
Li-NMR acquisitions were performed on a 7T Magnetom
scanner (Siemens Healthineers, Erlangen, Germany) with a
dual-resonance 1H/7Li RF birdcage coil (Rapid Biomedical,
Rimpar, Germany). The protocol consisted of the acquisition of
a T1-weighted image (magnetization prepared rapid gradient
echo sequence, 2-mm isotropic resolution) for anatomical
reference; the acquisition of two B0 ﬁeld-maps, one for B0
shimming and another for the correction of B0 inhomogeneities
in postprocessing; and the calibration of the reference voltage
for the 7Li channel using nonlocalized spectra (echo time [TE]/
TR = 0.3/3000 ms), before the acquisition of the 3D 7Li image
(SSFP sequence, TE/TR = 0.3/200 ms, a = 20 , 1769 projections, 50% linear fraction, 352 points per spoke, 10.6-ms
readout duration, 15-mm isotropic nominal resolution, 17mm effective resolution, 24-minute acquisition time). Global
T1 and T2 relaxation times for 7Li were estimated from nonlocalized spectra acquired from a subset of our cohort of

Table 1. Demographics and Clinical Characteristics of the
Cohort of Patients With Bipolar Disorder (N = 21)
Characteristics

Value

Categorical Variables, na
Male/female

METHODS AND MATERIALS

11/10

Other current medication
Antiepileptic

Participants
Twenty-one euthymic adult outpatients with BD (10 women
and 11 men, mean age 6 SD = 41.2 6 12.3 years) were
recruited from the Center of Expertise for Bipolar Disorders of
the
Saint-Louis-Lariboisière-Fernand
Widal
University
Hospitals (Paris, France). The criteria for inclusion were
age18–65 years, a diagnosis of BD type I or type II (by DSMIV-R criteria), scores on the Montgomery–Åsberg Depression
Rating Scale (32) and Young Mania Rating Scale (33) # 7, and
a current daily treatment of Li carbonate extended-release
tablets ingested daily for at least 2 years before inclusion.
Exclusion criteria were contraindications to NMR examination
and an ongoing pregnancy. Trained practitioners established
the diagnosis using the Diagnostic Interview for Genetic
Studies (34). Co-prescriptions (including antipsychotics, anticonvulsants, and antidepressants) and history of substance
misuse were recorded. All subjects had taken their Li treatment
between 8 and 10 PM in the evening before the MRI examination, which was performed systematically between 9:00 and
11:00 AM. Blood samples were drawn just before the scanning
session to determine serum Li levels using inductively coupled
plasma–mass spectrometry (Elan DRCe; Perkin Elmer, Courtaboeuf, France) by standard addition calibration, as previously
reported (35). For each participant, response to Li was evaluated using the Retrospective Criteria of Long-Term Treatment
Response in Research Subjects with Bipolar Disorder (Alda

10

Antipsychotic

8

Antidepressant

2

Nonpsychotropic drug

4

History of substance misuse
Tobacco

14

Alcohol

2

Cannabis

4

Others

0

Numerical Variables, Mean 6 SD
Age at MRI, years

41.2 6 12.3

Lithium treatment duration, years

5.5 6 3.5

Lithium dosage, mg/day

976 6 241

Serum lithium concentration, mmol/L

0.80 6 0.19

Erythrocyte lithium concentration, mmol/L

0.39 6 0.19

Alda scoresb
Total

6.1 6 2.5

A

7.8 6 2.2

B

1.8 6 1.4

MADRS

3.1 6 2.6

YMRS

1.3 6 1.9

MADRS, Montgomery–Åsberg Depression Rating Scale; MRI,
magnetic resonance imaging; YMRS, Young Mania Rating Scale.
a
All values represent the number of participants with the characteristic.
b
A = Lithium response; B = weight against lithium factors; Total =
A 2 B.
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Figure 1. Gallery of lithium concentration ([Li]) maps acquired at 7T from 10 patients with bipolar disorder. Individual 7Li images were interpolated at the
resolution of their anatomical reference for transformation into the MNI152 template space.

patients with BD (5 out of 21) using the progressive saturation
technique (37) (TR ranging from 0.4 to 20 seconds) and by
varying the TE (ranging from 30 to 120 ms).

Magnetic Resonance Data Reconstruction
Non-Cartesian reconstruction of the 7Li MRI was realized using
a homemade Python gridding algorithm (38) with additional
correction for B0 inhomogeneities using the second experimental B0 ﬁeld-map (39–41). After [Li] maps were aligned with
their 1H anatomical reference, all clinical Li distribution images
were interpolated and co-registered into the MNI152 space
provided by the Statistical Parameter Mapping software (42).

Lithium Concentration Quantiﬁcation
To estimate [Li] from the intensity of our 7Li images, we
adopted a modiﬁed phantom replacement approach that we
validated in a previous ex vivo 7Li MRI study of rats pretreated
with Li (29). The same 7Li MRI protocol was used to acquire at
room temperature an image from a 7-L cylindrical phantom of
Li chloride (50 mmol/L, pH = 7.0). Copper sulfate (1.2 g/L) was
added to the solution to lower the T1 and T2 relaxation times of
7
Li in this reference phantom. In addition, in vitro T1 and T2
relaxation times for 7Li were estimated from nonlocalized
spectra acquired from this phantom using the same progressive saturation technique (37) (TR ranging from 0.4 to 20
seconds) and by varying the TE (ranging from 30 to 2000 ms).
This in vitro 7Li MR image was used as a 3-dimensional
external reference of concentration. By considering the
experimental in vivo and in vitro T1 and T2 relaxation times of
7
Li and the proper signal equation (43), individual in vivo 7Li
intensity images were converted into [Li] maps:
a
SSSFPFID f½Li:tan :ð1 2 ðE1 2 cosaÞ:rÞ
2
rﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2
12E
with: r ¼ ð1 2 E cosaÞ2 2 E 22 ðE 2 cosaÞ2 and E1;2 ¼ expð2 T1;2 =TRÞ
1
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Data Analysis
First, the average brain [Li] ([Li]B) was estimated from the individual [Li] map (Figure 1). Then, average [Li] value were
evaluated over 7 broad anatomical regions of interest (broad
ROIs [bROIs]): the frontal, parietal, temporal, and occipital
lobes, the brainstem, the midbrain region, and the cerebellum.
These large anatomical areas are well suited for a primary
description of the brain Li distribution, particularly at the individual scale. The masks were deﬁned with a combination of
probabilistic atlases provided by the FMRIB Software Library
(44), in particular the Montreal Neurological Institute and
Harvard-Oxford atlases (45,46). For a better visualization of the
brain Li distribution across our cohort of patients, each [Li] map
was normalized (i.e., the mean [Li] was set to 1.0), coregistered to the Montreal Neurological Institute brain atlas,
and averaged (Figure 2). Those regional and whole-brain [Li]
value were then compared with the individual plasma concentrations ([Li]P) via a linear regression (Figure 3) to compute
average brain-to-plasma ratios and the corresponding Pearson
correlation coefﬁcients (R) (Table 2).
As a second analysis step, we used a reﬁned version of the
Harvard-Oxford atlas covering 48 cortical and 21 subcortical
areas (parcellation ROIs [pROIs]) to investigate whether Li tends
to concentrate preferentially in those more speciﬁc structures.
Individual [Li] maps were centered and scaled with global individual means and SDs computed over a mask of intracerebral
voxels. The average of normalized images over the reﬁned
pROIs were computed and regressed onto a design matrix
made of an intercept with the patient age and sex. The intercept
captures the deviation of Li within each pROI from zeros, i.e.,
from the global individual means. Then, we computed the p
values associated with the Student t test statistic corrected
from multiple comparisons over the 69 pROIs using the
Benjamini-Hochberg (false discovery rate) procedure (47). A
standard threshold of .05 was considered on Q values (adjusted
p values) for statistical signiﬁcance. For visualization purpose,
Figure 4 shows the statistical map at the voxel level, thresholded at p , 1023 and uncorrected for multiple comparisons.

1
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Figure 2. Normalized brain lithium distribution
averaged across all our patients with bipolar disorder. Coronal, sagittal, and axial views. [Li], lithium
concentration.

Areas Where Li Is Consistently More Concentrated

RESULTS
In Vivo T1 and T2 Relaxation Times of Lithium-7
Although 7Li is a 3/2 spin with a priori biexponential longitudinal and transversal relaxation decays in complex media such
as the brain (48), apparent monoexponential longitudinal and
transverse relaxation times were estimated in vivo from our ﬁrst
5 patients with BD at T1,mono = 3950 ms and T2,mono = 63 ms.
For comparison, the T1 and T2 relaxation times measured for
our external reference were estimated at 4.1 and 1.7 seconds,
respectively.

Cerebral Lithium Distribution
As illustrated in Figure 1, the adopted 7Li MRI protocol
allowed us to image the whole-brain Li distribution and estimate its concentration with a satisfactory sensitivity
(normalized signal-to-noise ratio of 7.3 105 mol21.min2½). As
a consequence, all 21 7Li images were kept for our group
analysis. For all patients, brain Li distribution was highly
heterogeneous. Figure 2 shows the average normalized Li
distribution across our cohort. Of note, we observed higher
Li levels in the white matter and in subcortical areas. Table 2
summarizes the average (as well as the normalized) [Li] in
our 7 bROIs and the whole brain. Those values conﬁrm that
higher [Li] values are observed in the brainstem, the
midbrain (constituted with a large portion of white matter),
and the cerebellum, while lower [Li] values could be found in
the frontal and occipital lobes.

Across our cohort and pROIs, [Li] was found to be signiﬁcantly
higher than the average [Li]B in the left hippocampus (coefﬁcient = 1.85, SE = 0.47, 95% conﬁdence interval [CI] =
0.87–2.83, t = 4, corrected p = .01) and in the right pallidum
(coefﬁcient = 1.98, SE = 0.58, 95% CI = 0.76–3.2, t = 3.4,
corrected p = .02). At a voxel level, the statistical map
thresholded at p , 1023 clearly ﬁts speciﬁcally the left hippocampus shape deﬁned in the atlas (Figure 4).

DISCUSSION
In this study, we managed to map the cerebral distribution of Li
in a cohort of 21 euthymic patients with BD using 7Li MRI at 7T.
While [Li]P and [Li]B were strongly correlated, our results
highlighted the heterogeneity of Li distribution in the brain as
well as the interindividual variability of this distribution between

Brain-to-Plasma Lithium Comparison
As illustrated by the linear regression shown in Figure 3, we
observed a good correlation between individual [Li]P and
average [Li]B values. Assuming a direct proportionality, we
found that [Li]B values were w40% of [Li]P values (R = .74). As
summarized in Table 2, the brain-to-plasma ratios were systematically superior to the slopes of the linear regression,
ranging from 0.40 to 0.65, while the corresponding slopes
ranged from 0.34 to 0.57. At the regional level, the strongest
correlations were observed in the temporal and frontal lobes
(R = .74 and .72, respectively), while the weakest correlations
were seen in the brainstem and occipital lobes (R = .52 and .56,
respectively).

Figure 3. Average brain [Li]B vs. plasma [Li]P lithium concentrations.
Overall, a good correlation between both [Li] levels was observed across our
cohort, as illustrated by the linear regression, with [Li]B being w40% of [Li]P
(R = .74).
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Table 2. Mean Regional Lithium Concentrations ([Li]), Normalized [Li] Levels, Brain-to-Plasma Ratios ([Li]B/[Li]P), Slopes of
the Linear Regressions, and Pearson’s Correlation Factors
Brain Region of Interest

[Li], mmol/L

Normalized [Li] mmol/L

[Li]B/[Li]P

Slope

R

Brainstem

0.46 6 0.17

1.38 6 0.36

0.65 6 0.23

0.57

.52

Cerebellum

0.36 6 0.08

1.10 6 0.07

0.51 6 0.12

0.44

.70

Frontal Lobe

0.28 6 0.05

0.87 6 0.07

0.40 6 0.06

0.34

.72

Midbrain

0.39 6 0.10

1.16 6 0.11

0.54 6 0.14

0.48

.69

Occipital Lobe

0.33 6 0.07

1.00 6 0.11

0.47 6 0.10

0.40

.56

Parietal Lobe

0.32 6 0.06

0.98 6 0.06

0.45 6 0.08

0.39

.71

Temporal Lobe

0.34 6 0.08

1.03 6 0.08

0.48 6 0.11

0.42

.74

Whole Brain

0.33 6 0.06

1.00

0.46 6 0.09

0.40

.74

Values are mean 6 SD, N = 21.

patients. Remarkably, our results suggest that the left hippocampus displayed high Li content consistently across our
cohort. Finally, our data further validate the use of advanced
MRI approaches to map Li—performed here in 24 minutes, a
clinically feasible time.
The heterogeneity of Li distribution corroborates similar
results obtained at lower spatial resolutions (24,28). It supports
the hypothesis of an active transport of Li inside the brain,
possibly through sodium and magnesium transporters (12,13).
In particular, the distribution of sodium channels across the
central nervous system is complex, owing to the molecular
diversity of each subtype of sodium transporter and the differential regulation of their expression. Consequently, distinct
localization patterns of those sodium channel subtypes have
been observed for the different types of neurons within the
brain parenchyma and the various epithelial cells at the level of
the blood-brain or blood–cerebrospinal ﬂuid barriers, leading
to widely variable levels of expression and density across the
brain (14–17). This could explain the heterogeneity of Li distribution in our study.
Thanks to the additional net magnetization available at 7T, we
acquired our 7Li images with an effective spatial resolution of 17

mm isotropic and a sensitivity threshold of w0.05 mmol/L, thus
reaching the highest spatial resolution for clinical Li imaging obtained so far. By exploiting the experimental T1 and T2 relaxation
times of 7Li in a subset of patients with BD, [Li] maps were
established. Those global monoexponential T1,mono and T2,mono
values were well within the range of previous reports (20,22,48). It
is of interest to note here that the use of an SSFP sequence with
an ultra-short TE minimizes the T2* weighting and reduces
sensibly the T2 weighting of the 7Li image than a balanced SSFP
sequence (28). Yet owing to our short TR, our quantiﬁcation
approach is vulnerable to local variations in T1. Therefore, local
differences in Li compartmentation (e.g., between intra- and
extracellular compartments leading to varying apparent T1 relaxation times) could contribute to the observed heterogeneity.
Our study corroborates previous studies concerning the
relationship between [Li]P and [Li]B (21,24,25), with average
[Li]B values w40% of [Li]P in our study despite methodological
differences. However, a stronger correlation was found in our
study, probably due to the larger number of patients and the
greater signal-to-noise ratio of our acquisitions.
Another favorable technical factor was the fact that our
spatial resolution and our ultra-short echo-time SSFP

Figure 4. Voxel-based statistical map (Student’s t
test score) of increased lithium concentration over
the individual mean, thresholded at p , 1023. Top:
coronal, sagittal, and axial glass views highlight a
large cluster in the left hippocampus and a small
cluster in the right pallidum. Bottom: The hippocampus, as deﬁned by the Harvard-Oxford atlas
(blue contour), overlaps with our thresholded statistical map. L, left; R, right.
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sequence limit the interference of Li contained in the cerebrospinal ﬂuid compared with other in vivo 7Li MRI studies (28).
Still, this interference can be felt through the larger variabilities
and lesser correlations observed for ROIs close to the ventricles (such as the midbrain or the brainstem).
Using a parcellation-based t test analysis, we identiﬁed few
regions displaying consistently high normalized [Li] across our
cohort despite our modest cohort size and a quite stringent
false discovery rate correction [compared with a correction
procedure that would account for the correlation between
imaging features such as the one proposed by Westfall and
Young (49)]. Among those regions were the left middle temporal gyrus, the lateral occipital cortex, and the right pallidum.
However, the most well-deﬁned and most signiﬁcant cluster
was the one that corresponded closely with the left hippocampus. To the best of our knowledge, this is the ﬁrst study
reporting such results. This observation is of potential importance for several reasons. First, the hippocampus (along with
the amygdala) plays a major role in emotion regulation and
processing and in inhibition of stress responses (50). Second,
it has been demonstrated that individuals with BD exhibited
GM atrophy throughout the entire cortex as well as in
subcortical limbic structures (8,51). In particular, the ENIGMA
(Enhancing NeuroImaging Genetics through Meta-Analysis)
consortium has found that the hippocampus was the subcortical structure with the largest shrinkage in BD (8). The hippocampus thus plays a central role in current neural models of
emotion dysregulation in BD (50). Third, other neuroimaging
studies have suggested the neuroprotective and neurotrophic
effects of Li, which can slow down GM atrophy in BD or may
even promote a normalization of GM volumes (50,52), particularly in the hippocampus (9–11,53). Preclinical studies are
also supportive of a neurotrophic effect of Li. In particular,
Zanni et al. (54) have also reported higher concentration levels
of Li in the hippocampus of mice using inductively coupled
plasma atomic emission spectroscopy, which directly supports our ﬁnding. Identifying a consistently high normalized Li
concentration speciﬁcally in a region could therefore be an
intriguing ﬁnding and supports the neurogenic hypothesis of Li
mode of action. Indeed, the hippocampus seems to be the
main location of neurogenesis in the brain (55).
Interestingly, previous neuroimaging studies suggested that
the physiopathological processes taking place in the hippocampus of patients with BD could manifest in an asymmetrical
way. For instance, both Moorhead et al. (56) and Quigley et al.
(57) have reported smaller left hippocampus volumes among
patients with BD compared with healthy control subjects. Also
of interest is the observation, in a recent multimodal molecular
imaging study (58), of decreased levels of N-acetyl-aspartate
1 N-acetyl-aspartyl-glutamate (NAA1NAAG) in the left hippocampus of patients with BD. This decrease was positively
correlated with deregulated microglial activation [measured via
the 11C-(R)-PK11195 binding potential] and depression
symptoms in BD. Furthermore, our observation could be
related to asymmetrical effects of Li on hippocampus volume.
Indeed, several studies reported larger left hippocampus volume among patients with BD treated with Li compared with
patients without Li (59,60). Remarkably, Selek et al. (61) highlighted, in a longitudinal volumetric study of patients with BD

treated for 4 weeks with Li, a decrease of the left hippocampus
volume in Li nonresponders but not in Li responders, suggesting that a decreased left hippocampus volume might be an
early marker of nonresponse to Li among patients with BD.
Another interesting result of our study is that [Li] values were
highest in the brainstem, midbrain, and cerebellum regions.
However, the interindividual variance found for these regions
was also very large, as most patients showed elevated concentration levels in those regions while for few others, [Li] in
those regions did not exceed the whole-brain average values.
Though it is too early to establish a relationship between those
observations and the clinical response of Li, it seems relevant
to ponder if [Li] in these areas could be linked to some of Li’s
most problematic side-effects. In particular, chronic toxicity of
Li can lead to physiological tremors and ataxia (62), while acute
toxicity can lead to permanent loss of eye and speech coordination alongside cerebellar dysfunction (63). Future research
is needed to conﬁrm if an elevated [Li] in the brainstem and
cerebellar regions could be an indicator that a patient is at risk
of neurological Li toxicity.
While those results are promising, especially our ability to
identify for the ﬁrst time, using 7Li MRI, the hippocampus as an
area of interest to focus our attention regarding the investigation of Li therapeutic action, it is important to remain humble
regarding the limited size of our cohort. As a consequence, we
are unable at this stage to account for the potential bias linked
to the many sources of interindividual variability, such as sex,
age, and the administration of co-medication or eventual addictions, especially alcohol and tobacco.
Finally, this 7Li MRI study represents important scientiﬁc
and technical steps toward the identiﬁcation of Li-targeted
brain regions involved in Li clinical response in patients
with BD. In particular, individual brain [Li] maps hold the
promise to inform us about the relationship between the
local [Li] and its neuroprotective action as it has been
previously evaluated using structural, functional MRI, and
1
H magnetic resonance spectroscopy data (64). It also
opens avenues to explore to what extent local [Li] correlates
with therapeutic response and/or tolerance, as well as the
brain regions involved in the different levels of Li response.
It would also be of great interest to exploit such data to
predict in newly diagnosed patients with BD which ones will
beneﬁt from receiving Li.
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