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SUPPLEMENTARY MATERIAL 

Inclusion and Exclusion Criteria 

Inclusion criteria:  

• Subjects aged 18 years or older, regardless of gender, race or social status; 

• Patients presenting an episode of behavioral change lasting 4 or more days characterized by elevated, expansive, or irritable mood, and 

abnormally increased energy. Additionally, at least three of the following were present: inflated self-esteem/grandiosity, decreased need 

for sleep, excessive talkativeness, flight of ideas, distractibility, increased goal-directed activity, and excessive involvement in activities 

with potentially harmful consequences. 

• Reports not providing details on behavioral changes as defined in the previous point remained eligible if authors explicitly stated that 

contemporary criteria for manic, hypomanic or mixed affective state were met. 

• At least one confirmed (either in vivo or post-mortem) brain lesion caused by a tumor or a vascular insult, i.e. infarctions, hemorrhage, 

arterio-venous malformations, regardless of location, size and age of occurrence. 

• The lesion must have occurred before the first manifestations of manic or mixed affective symptoms. 

• Patients with brain lesion diagnosed or documented after the first manifestations of mania, BPD or mixed affective state were still 

considered eligible given unequivocal evidence that the lesion was acquired before the psychiatric manifestations developed (e.g. indolent 

tumor with neurologic signs prior to psychiatric manifestations). 
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Exclusion criteria: 

• Diagnosis of manic episode or mixed affective state before the age of 18 years. 

• Evidence of manic episode or mixed affective state prior to the occurrence of the brain insult, or when the chronological relationship 

between the two events was unclear or equivocal.  

• Presumed brain lesion that was not confirmed by in vivo imaging or post-mortem methods. 

• Presence of factors other than the structural brain-insult that may have induced the manic episode, including, but not limited to, use of anti-

depressant medication, corticosteroids or illicit substances, treatment with electroconvulsive therapy or deep-brain stimulation, or diagnosis 

of endocrine conditions or infection. 

• Lesions depicted in group diagrams, when it was not possible to individualize each patient lesion. 
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Search Terms 

PubMed: ((bipolar disorder) OR (manic) OR (mania)) AND ((cerebral) OR (cerebellum) OR (brain) OR (central nervous system)) AND ((injury) 

OR (tumor) OR (neoplasm) OR (mass) OR (infection) OR (abscess) OR (cyst) OR (stroke) OR (hemorrhage) OR (bleeding)) 

 

Web of Science: TS=(bipolar disorder OR manic OR mania) AND TS=(cerebral OR cerebellum OR brain OR central nervous system) AND 

TS=(lesion OR focus OR injury OR tumor OR neoplasm OR mass OR infection OR abscess OR cyst OR stroke OR hemorrhage OR bleeding) 

NOT TS=(animal OR monkey OR chimpanzee OR mouse OR mice OR rat OR cat OR dog OR rabbit OR bird OR fish OR child) 
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Supplementary Figures 

Figure S1. Overlap in lesion location for each mania 

lesion cohort. In the mania lesion cohort derived from a 

systematic literature search (N=41), where lesion 

locations are defined in two-dimensions (2D), maximum 

overlap (black arrows) included only 6/41 lesions and 

occurred in the right temporal lobe and right basal ganglia 

(A). In a mania lesion cohort derived from chart review at 

an academic medical center (N=15), where lesion 

locations are defined in three-dimensions, maximum 

overlap (blue arrow) included 12/15 lesions and occurred 

in the right superior frontal lobe (B). Note that lesion 

locations are heterogeneous between cohorts: regions of 

maximum overlap in the literature cohort were only 

impacted by one lesion in the clinical cohort (black arrows 

in panel B), while maximum overlap in the clinical cohort 

was not impacted by any lesion in the literature cohort 

(blue arrows in panel A).   
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Figure S2. Additional brain slices for mania lesion network maps.  
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Figure S2. Additional brain slices for mania lesion network maps. Mania lesion network maps were obtained by statistically comparing lesion 

network maps from each mania cohort to lesion network maps from the respective control cohort. The literature mania lesion cohort (n = 41) was 

compared to a cohort of lesions causing several non-psychiatric symptoms (asterixis, aphasia, freezing of gait and post stroke pain), obtained from 

similar literature searches (n=79) (A). The clinical mania lesion cohort (n = 15) was compared to a cohort of control lesions from a database of 

stroke lesions not associated with any specific symptoms (n=490) (B). The mania lesion network maps in panels A and B were obtained using a 

voxel-wise permutation-based two-sample t-test performed within FSL PALM (two thousand permutations) and were corrected for multiple 

comparisons using threshold free cluster enhancement and displayed at an FWE-corrected level of p<0.05. A more stringent voxel-based FWE-

corrected level of p<3.0x10-4 was used also used for the literature mania lesion network map, to enhance demonstration of the peak regions of that 

map (C). Warm and cold colors represent areas that are more or less connected to mania lesions as compared to controls, respectively. 
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Figure S3. Reliability of lesion tracing and network mapping techniques.  
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Figure S3. Reliability of lesion tracing and network mapping techniques. All 41 literature lesions were traced by two independent tracers onto 

a standard brain atlas, six representative example lesions are shown (A & B). To quantify the reliability of the tracing technique, the median 

distance between the center of gravity (CoG) for tracings of the same lesion was computed (8mm; 3 voxels) and was compared to the median 

distance between the CoG for different lesions (51mm; 26 voxels, p<0.00001). Literature mania lesion network maps contrasting each of the two 

sets of independent tracings of the mania lesions (n=41) with a set of control lesions (N=79) were also similar, with high spatial correlation 

(Pearson’s r=0.96) reflecting very strong to excellent agreement between the two maps (C & D). Panels C and D were obtained using a voxel-wise 

permutation-based two-sample t-test performed within FSL PALM (two thousand permutations), corrected for multiple comparisons using 

threshold free cluster enhancement and displayed at an FWE-corrected level of p<0.05. Warm and cold colors represent areas that are more or less 

connected to mania lesions as compared to controls, respectively. 
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Figure S4. Additional brain slices for the conjunction and combined mania lesion network maps.  



 

 

 

10 

Figure S4. Additional brain slices for the conjunction and combined mania lesion network maps. A conjunction of the mania lesion network 

map derived from the literature cohorts and the mania lesion network map derived from the clinical cohorts shows connections significantly 

associated with mania in both cohorts tested independently (A). This conjunction map was obtained by binarizing the maps depicted in figures 

S2B and S2C and computing their overlap. A combined mania lesion network map, obtained using a voxel-wise permutation-based two-sample t-

test performed within FSL PALM (two thousand permutations). shows connections significantly associated with mania when including all mania 

lesion locations (n=56) and all control lesion locations (n=569) in a single combined analysis, including lesion dimensionality (2D in literature 

lesions vs. 3D in clinical lesions) as a covariate (B). Panel B was corrected for multiple comparisons using threshold free cluster enhancement and 

displayed at an FWE-corrected level of p<0.05. A more stringent voxel-based FWE-corrected level of p<1.0x10-4 was used to enhance 

demonstration of peak regions of connectivity in the combined map (C). Warm and cold colors represent areas that are more or less connected to 

mania lesions as compared to controls, respectively. 
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Figure S5. Overlap of peak coordinates in the mania lesion network map with Brodmann Areas.  
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Figure S5. Overlap of peak coordinates in the mania lesion network map with Brodmann Areas. Peak coordinates from our combined mania 

lesion network map were identified across the entire brain (A-C, see Table S3), as well as in the right and left dorsolateral prefrontal cortex (D-F, 

see main text). In each image, the peak coordinate is represented as a black dot overlaid on a map of Brodmann areas. The outline for our a priori 

regions of interest in the left (blue outline) and right (red outline) dorsolateral prefrontal cortex are also shown for panels D-F. The positive peak 

in the right orbitofrontal cortex (OFC) overlaps with BA47 (pink) (A), while that in the right inferior temporal gyrus (ITG) overlaps with BA20 

(purple) (B). The site in the right frontal pole (FP) overlaps with BA11 (yellow), very close to BA10 (light blue) (C). The positive peak in the right 

DLPFC overlaps with BA8 (orange) and BA9 (dark blue) (D), while the negative peaks in the left DLPFC overlap with BA6 (dark green), very 

close to BA8 (orange) (E) and with BA9 (dark blue) (F). Two negative peaks are reported for the left DLPFC since two distinct clusters of negative 

connectivity were found in the combined mania network map within this ROI (see Figure 7 in main text). Due to close proximity to some of the 

aforementioned areas, BA46 (light green) is also represented.  
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Figure S6. Intersection of subthalamic nucleus (STN) deep brain stimulation (DBS) sites 

with our mania lesion network map. DBS coordinates (A) previously associated with mania 

(red region) are slightly offset from the average STN DBS site (blue region). Intersection of these 

DBS sites with our combined mania lesion network map (B), is consistent with increased 

connectivity with the lesion network map at the mania inducing DBS site (red outline) compared 

to the standard DBS site (blue outline). Note that both STN DBS sites fall on negative regions in 

our mania lesion network, thus we would expect the overall incidence of mania following STN 

DBS to be low, but with greater relative risk at the mania inducing DBS site. Connectivity map 

in panel B was obtained using a voxel-wise permutation-based two-sample t-test performed 

within FSL PALM (two thousand permutations). 
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Supplementary Tables 

Table S1. Demographics and clinical information for literature cases of lesion-induced mania. 

Case 
# Author Year Age 

(M) Gender Time 
E-M Scan Lesion 

Side Etiology D* FH* MM 
Recur. 

Depr. 
Recur. 

DSM 5 Criteria* 

A B1 B2 B3 B4 B5 B6 B7 C Psy. n.d. 

1 Antelmi, E. (1) 2014 50 Female 1y MRI Bilateral Infarction 0       1   1     1 1         

2 Asghar-Ali,  
A. A. (2) 2004 50 Female n.d. MRI Bilateral Multiple 

Sclerosis 0             1 1   1   1 1   

3 Belli, H. (3) 2012 62 Male n.d. MRI Left Infarction 0   0 0 1 1 1 1 1   1 1 1 1   
4 Benjamin, S. (4) 2000 41 Male 1w MRI Left AVM 0   1 0 1 0 1 1     1     0   
5 Benke, T. (5) 2002 38 Male 48h MRI Bilateral Infarction 0   0 0 1 1   1 1 1 1     0   

6 Bogousslavsky,  
J. (6)  1988 72 Female i CT Right Infarction 0   0 0 1     1 1   1         

7 Bornke, C. (7) 1998 67 Female n.d. CT Right Infarction 0   0 0 1 1 1 1 1   1   1 1   
8 Brooks, J. O. (8) 2005 60 Male n.d. MRI Right Tumor 1   0 0 1 1 1 1     1   1 1   

9 Claude, H. (9) 1928 52 Female n.d. Autposy Right Tumor 0       1 1 1 1 1   1   1 1   

10 Danel, T. (10) 1989 57 Male 11m CT Right Infarction 0   1 1                     1 
11 Das, P. (11) 2015 86 Male 1m MRI Right Infarction 0   1   1 1 1 1 1   1   1 1   
12 Filley, C. M. (12) 1995 56 Female n.d. MRI Bilateral Tumor 1             1 1   1         
13 Haq, M. Z. (13) 2009 26 Female n.d. CT Bilateral Tumor 0   0 0 1 1 1 1   1 1   1 1   
14 Hunt, N. (14) 1990 n.d. Female n.d. CT Right AVM 1   1 1 1 1         1         

15 Koreki, A. (15) 2012 68 Male 6w CT Right Hemorrhage 0   0 0 1   1 1 1   1         

16 Kulisevsky, J. (16) 1993 81 Female <3d MRI Right Infarction 0   0 0 1 1 1 1 1 1 1   1 1   
17 Liu, C. Y. (17) 1996 48 Male 4m MRI Left Infarction 0   0 0 1 1 1 1 1   1     0   

18 Modrego, P. J. (18) 2000 19 Female 2m MRI Bilateral Multiple 
Sclerosis 0 1 1   1   1 1 1   1   1 1   

19 Mumoli, N. (19) 2013 55 Male n.d. MRI Right Tumor 1   1   1         1 1 1       
20 Nagaratnam,  

N. (20) 2006 
72 Female 3y CT Left Infarction 0       1   1 1 1   1         

21 80 Male n.d. CT Bilateral Infarction 0       1   1 1     1   1 1   
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Case 
# Author Year Age 

(M) Gender Time 
E-M Scan Lesion 

Side Etiology D* FH* MM 
Recur. 

Depr. 
Recur. 

DSM 5 Criteria* 

A B1 B2 B3 B4 B5 B6 B7 C Psy. n.d. 

22 
Okun, M. S. (21) 2003 

72 Female i MRI Left Surgery         1   1       1         
23 56 Female i MRI Bilateral Surgery           1 1 1     1         
24 Pathak, A. (22) 2014 65 Male 2d CT Left Infarction 0       1 1 1 1     1   1 1   
25 Rocha, F. F. (23) 2008 57 Male n.d. MRI Right Infarction 0   0 0 1   1 1 1             

26 Salazar-Calderon, 
V. H. P. (24) 1993 27 Female n.d. CT Right Tumor 1       1 1 1 1     1   1 1   

27 Sidhom, Y. (25)  2014 23 Female n.d. MRI Right Surgery 0 1     1 1 1       1   1     
28 

Starkstein,  
S. E. (26) 1988 

66 Male 1y CT Bilateral Infarction 0 1     1 1 1 1     1   1 1   
29 35 Female n.d. CT Right Hemorrhage 0 1     1 1 1 1 1   1   1 1   
30 63 Male 4w CT Bilateral Surgery 0         1 1       1 1 1 1   
31 61 Female i CT Right Surgery 0   1   1   1 1     1         
32 48 Female n.d. CT Right Tumor 0   1   1     1     1         
33 28 Male i CT Right Surgery 0 0 1   1 1   1 1   1   1 1   

34 

Starkstein,  
S. E. (27) 1990 

55 Male 4wk CT Right Infarction 0       1 1 1 1   1     1 1   

35 79 Female i CT Right Infarction 0   1   1 1 1 1 1   1   1 1   

36 

49± 
17 

Male 

n.d. 

CT Right Infarction 0       1 1 1 1 1   1 1 1 1   

37 Male MRI Right Infarction 0       1 1 1 1 1   1 1 1 1   

38 Male MRI Right AVM 0 1     1 1 1 1 1   1 1 1 1   

39 Male CT Right Hemorrhage 0       1 1 1 1 1   1 1 1 1   

40 Stern, K. (28) 1942 30 Female n.d. Scheme Right Tumor 0 1     1   1 1 1   1   1     

41 Trillet, M. (29) 1995 71 Male 2-3d MRI Left Hemorrhage 0       1   1 1 0   1   0 0   
 AVM – Arteriovenous malformation; CT – Computerized tomography; d – days; D – Depressive episode before the event; Depr. – Depressive episode; E – Event; FH – 

Family history of affective disorder or suicide; h – hours; Imm. – immediate after event; m – months; MM – Manic/mixed state episode; MRI – Magnetic resonance imaging; 

n.d. – non defined; Psy. – Psychotic symptoms; Recur. – Recurrence of affective episode; w – weeks; y – years 

* 0 means absence; 1 means presence; blank means not defined/unknown 
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Table S2. Demographics and clinical information for clinical cases of lesion-induced mania. 

Case 
# 

Age 
(MM) Gender Time 

E-MM Scan Lesion 
Side Etiology D* FH* MM 

Recur.* 
Depr. 

Recur.* 
DSM 5 Criteria* 

A B1 B2 B3 B4 B5 B6 B7 C Psy. n.d. 

1 64 Female 6m MRI Right Infarction 0       1   1     1 1   1 1   

2 47 Female i MRI Bilateral Infarction 1 1 0 1 1   1 1     1         

3 72 Female 1y MRI Right Infarction 1 1     1           1 1 1 1   

4 60 Male n.d. MRI Right Tumor 1   0 0 1   1   1 1 1         

5 70 Female n.d. MRI Right Hemorrhage         1       1 1 1   1     
6 50 Male >3y MRI Right Infarction 0 0 1 1 1   1       1 1       

7 51 Male >10y MRI Bilateral Tumor 1 0 0 1 1 1 1 1     1 1       

8 33 Male 8y MRI Right Tumor 0 0 1 1 1   1       1 1       

9 64 Female 3y MRI Right Infarction 0 0 0 0 1     1 1   1 1 1     

10 79 Female 1m MRI Right Hemorrhage 0       1 1   1 1   1   1 1   

11 79 Male n.d. MRI Bilateral Tumor 1       1 1 1       1 1       
12 55 Male i MRI Right Hemorrhage 0 0 1 1 1   1 1     1 1       

13 74 Male >4y MRI Right Tumor         1   1 1 1 1 1 1       

14 77 Male 2y MRI Bilateral Hemorrhage 0 0 1 0   1   1     1   1 1   

15 60 Male <17y MRI Bilateral Tumor 0 1 1 0 1     1     1 1 1     
 D – Depressive episode before the event; Depr. – Depressive episode; E – Event; FH – Family history of affective disorder or suicide; i – immediate after event; m – months; 

MM – Manic/mixed state episode; MRI – Magnetic resonance imaging; n.d. – non defined; Psy. – Psychotic symptoms; Recur. – Recurrence of affective episode; w – weeks; 

y – years 

* 0 means absence; 1 means presence; blank means not defined/unknown 
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Table S3. Selected regions of interest in the mania lesion network map and respective peak coordinates.  

ROIs Anatomy 

(Harvard-Oxford Atlas) 

ROIs Peak 

X Y Z T-value 

 

Right Frontal Orbital Cortex 42 42 -20 8.19 

 

Right Inferior Temporal Gyrus 50 -26 -16 8.01 

 

Right Frontal Pole 12 54 -14 7.95 
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Three regions of interest (ROI) were identified in the combined mania lesion network map (see Figure S4C, voxel-based FWE-corrected 

p<1x10-4) using a Python 2 notebook, nilearn, and a clustered volume threshold of 200 mm3 . The resulting ROIs were the right orbitofrontal 

cortex, right inferior temporal gyrus and right frontal pole, according to the Harvard-Oxford atlas (red regions). Peak coordinates within each 

ROI were identified from the combined mania lesion network map using fslstats.   
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4-5 

INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of what is already known.  6 
Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, 

comparisons, outcomes, and study design (PICOS).  
6 

METHODS   
Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, 

provide registration information including registration number.  
16 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years 
considered, language, publication status) used as criteria for eligibility, giving rationale.  

16; 1-2 (Supp.) 

Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to 
identify additional studies) in the search and date last searched.  

3 (Supp.) 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it 
could be repeated.  

3 (Supp.) 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if 
applicable, included in the meta-analysis).  

16; 1-2 (Supp.) 

Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any 
processes for obtaining and confirming data from investigators.  

16; 1-2 (Supp.) 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any 
assumptions and simplifications made.  

16; 14-16 (Supp.) 

Risk of bias in individual 
studies  

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether 
this was done at the study or outcome level), and how this information is to be used in any data synthesis.  

18-20 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  17-20 
Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of 

consistency (e.g., I2) for each meta-analysis.  
17-20 
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Section/topic  # Checklist item  Reported on page 
#  

Risk of bias across studies  15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, 
selective reporting within studies).  

17-20 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, 
indicating which were pre-specified.  

20-23 

RESULTS   
Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for 

exclusions at each stage, ideally with a flow diagram.  
7; 1-2 (Supp.); 14-
16 (Supp.) 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up 
period) and provide the citations.  

7; 1-2 (Supp.); 14-
16 (Supp.) 

Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  7-9 
Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for 

each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  
7-9 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  7-9 
Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  7-9 
Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see 

Item 16]).  
9-11 

DISCUSSION   
Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their 

relevance to key groups (e.g., healthcare providers, users, and policy makers).  
11-14 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete 
retrieval of identified research, reporting bias).  

14-15 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future 
research.  

15 

FUNDING   
Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of 

funders for the systematic review.  
25 

 
From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. 
doi:10.1371/journal.pmed1000097  

For more information, visit: www.prisma-statement.org.  
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