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a b s t r a c t
The Medio-Dorsal Nuclei (MDN) including the thalamic magnocellular and parvocellular thalamic regions has
been implicated in verbal memory function. In a 77 year old lady, with a prior history of a clinically silent infarct
of the left MDN, we observed the acute onset of spontaneous confabulations when an isolated new infarct occurred in the right MDN. The patient and ﬁve age-matched healthy subjects underwent Magnetic Resonance Imaging (MRI) and Diffusion Tensor Imaging (DTI). The thalamic lesions were localized by overlapping Morel
Thalamic Atlas with structural MRI data. DTI was used to assess: i) white matter alterations (Fractional Anisotropy, FA) within ﬁbers connecting the ischemic areas to cortex; ii) the micro-structural damage (Mean Diffusivity)
within the thalamic sub-regions deﬁned by their structural connectivity to the Anterior Cingulate Cortex (ACC)
and to the temporal lobes. These target regions were chosen because their damage is considered associated with
the appearance of confabulations. Thalamic lesions were localized within the parvocellular regions of the right
and left MDNs. The structural connectivity study showed that the ﬁber tracts, connecting the bilaterally damaged
thalamic regions with the frontal cortex, corresponded to the anterior thalamic radiations (ATR). FA within these
tracts was signiﬁcantly lower in the patient as compared to controls. Mean diffusivity within the MDNs
projecting to Broadman area (BA) 24, BA25 and BA32 of ACC was signiﬁcantly higher in the patient than in control group. Mean diffusivity values within the MDN projecting to temporal lobes in contrast were not different
between patient and controls. Our ﬁndings suggest the involvement of bilateral MDNs projections to ACC in
the genesis of confabulations and help provide clarity to the longstanding debate on the origin of confabulations.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
Confabulations are deﬁned as “falsiﬁcation of memory occurring in
clear consciousness in association with an organically derived amnesia”
(Berlyne, 1972). Confabulations are classiﬁed as spontaneous (i.e.
Abbreviations: ACoA, Anterior communicating artery; ACC, Anterior Cingulate Cortex;
AN, Anterior thalamic nuclei; ATR, Anterior thalamic radiations; BA, Broadman area;
BEDPOSTX, Bayesian Estimation of Diffusion Parameters obtained using Sampling; BET,
Brain Extraction Tool; CSF, cerebrospinal ﬂuid; DTI, Diffusion Tensor Imaging; DWI-SE,
Diffusion Weighted Image Spin-Echo; FA, Fractional Anisotropy; FAST, FMRIB's
Automated Segmentation Tool; FIRST, FMRIB's Integrated Registration and Segmentation
Tool; FNIRT, FMRIB's Non-Linear Registration Tools; FLIRT, FMRIB's Linear Image
Registration Tool; KS, Korsakoff Syndrome; MDN, Medio-dorsal thalamic nuclei; MNI,
Montreal Neurological Institute (MNI); MRI, Magnetic Resonance Imaging; SUSAN,
Smallest Univalue Segment Assimilating Nucleus; TE, Echo time; TR, Repetition time; W
TFE, Weighted Turbo Field-Echo W TFE.
⁎ Corresponding author at: Department of Neuroscience, Imaging and Clinical Sciences,
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spontaneous outpouring of erroneous memories which can be sustained,
wide-ranging, grandiose) or provoked (i.e. by questions probing memory) (Berlyne, 1972). The narrative of confabulation varies with the environment context (spontaneous) or probing (provoked) and this is in
contrast with delusions which are characterized by consistent narratives,
which do not vary through time, and have recognizable patterns or
themes e.g. persecutory, jealous, guilt, of reference, as reported in 5th
edition of Diagnostic and Statistical Manual of Mental Disorders
(American Psychiatric Association, 2013). It is not clear whether the
two types of confabulations represent different disorders (Van der
Horst, 1932; Kopelman, 1987) or different degrees of a condition
which in the presence of concurrent amnesia starts with the appearance
of provoked (“moderate”) confabulations and progresses to spontaneous
(“severe”) production of false memories (Kapur and Coughlan, 1980;
DeLuca and Cicerone, 1991; Della Barba, 1993; Fischer et al., 1995).
Patients who confabulate spontaneously act upon memories that are
obviously false or provide false information without intending to lie,
and are unaware of these falsehoods.
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Confabulations may be present in several different conditions, including ruptured aneurysms of the anterior communicating artery,
subaracnoid haemorrage, encephalitis, Alzheimer' disease (AD) and
traumatic brain injury. Spontaneous confabulations were originally described in Korsakoff Syndrome (KS) following Wernicke encephalopathy. KS is typically due to thiamine deﬁciency, and is clinically
characterized by anterograde amnesia although confabulations may or
may not be a feature (Markowitsch, 2000). Pathologically, KS is characterized by variable lesions of mammillary bodies, of anterior (AN) or
medio-dorsal thalamic nuclei (MDN) and of mammillo-thalamic projections (Gold and Squire, 2006; Harding et al., 2000; Mair et al., 1979;
Mayes et al., 1988).
From an imaging perspective, patients with KS have been shown
to have hyperintensities in diencephalic, mesencephalic (Cerase et
al., 2011), hypothalamic (Ptak et al., 2001), encephalic (Kopelman et
al., 2009; Victor et al., 1971) and cerebellar (Laureno, 2012)
structures.
Nevertheless, the clinic-pathological origin of confabulations in KS
are still a subject of debate. Historically the amnesia associated with
KS was reported not to correlate with the severity of spontaneous confabulations (Benson, 1994; Mercer et al., 1977), and the onset of confabulation was attributed to the disconnection of one of the relays of Papez
circuit, with the debate ﬁrst focusing on lesions of the mammillary bodies and fornices (Dusoir et al., 1990; Mair et al., 1979; Victor et al., 1971),
independently of thalamic lesions. Subsequently the possible role of the
AN and, in particular, the impact of damage to mammillo-thalamic
tracts which carry projections from the mammillary bodies to the AN
(Aggleton and Brown, 1999; Clarke et al., 1994; Harding et al., 2000;
Carlesimo et al., 2011; Danet et al., 2015; Ghika-Schmid and
Bogousslavsky, 2000) was highlighted. Other authors have further implicated the medial structures of the thalamus as the MDN (Aggleton
and Brown, 1999; Cipolotti et al., 2008; Graff-Radford et al., 1990;
Markowitsch, 1983; Van der Werf et al., 2000) in the aetiology of confabulations whilst others have suggested that confabulations, in KS, do
not occur without thalamic lesions of anterior, or of medial or mediodorsal nuclei (Brion et al., 1983; Mair et al., 1979).
Isolated lesions may provide clarity on these debates on the origin of
confabulations but the majority of studies focusing on diencephalic amnesia due to vascular lesions, have not reported on these. Limited studies have suggested that confabulations occur after AN or MDN lesions
(Markowitsch et al., 1993; Schnider et al., 1996a), but in other studies,
patients with similar lesions of the MDN and posterior thalamic nuclei
lesions did not express any confabulations (Karnath et al., 2001;
Muller et al., 1999).
Florid confabulations have also been described in patients who survived ruptures of anterior communicating artery (ACoA), and these
have been identiﬁed as patients with ACoA amnesic confabulatory syndrome. Notably however confabulations can occur in these cases in the
absence of thalamic lesions (Damasio et al., 1985; DeLuca and Cicerone,
1991; DeLuca, 1993; Schnider et al., 1996a; Ptak and Schnider, 1999)
and instead have been suggested to arise as a result of cortical lesions
of orbitofrontal areas and Anterior Cingulate Cortex (ACC), which are
not affected in KS.
With the present report we describe the occurrence of spontaneous
confabulations following bilateral isolated ischemic lesions of MDN,
mainly involving the parvocellular nuclei.
The patient described in the present report qualiﬁed as a ‘spontaneous confabulator’ based on the criterion proposed by Berlyne in 1972 in
that the patient acted upon her self-generated confabulations.
We also combined structural MRI and DTI to assess the possible microstructural damage of thalamic regions projecting to the ACC to further understand the anatomical impact of the lesions in our patient
and their relation to the confabulations.
Finally, we compared lesions observed in ﬁve previously described
cases of thalamic confabulations, with lesions observed in the present
case.
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2. Materials and methods
2.1. Case description
At the time of admission and appearance of confabulations, the patient was a 77 year old lady, married for 56 years, mother of two daughters and grandmother of four grandchildren. She was moderately obese
(BMI = 31.2) and she had an eight-year history of type 2 Diabetes in the
context of a Metabolic Syndrome, which was treated with 500 mg
metphormine b.i.d., three years history of hypertension treated with
candesartan, 16–32 mg day, and hypercholesterolemia, treated with
rosuvastatine 20 mg day. Her family history was unremarkable, and a
detailed post-hoc collateral history obtained from her General Practitioner and family members conﬁrmed absence of any psychiatric history preceding the events leading to admission to the hospital.
Two years before her most recent infarct, she had been admitted to
our hospital because of an acute sensation of lightheadedness and confusion, with lethargy, which had lasted for 2 h and which had occurred
26 h before hospital admission. She was completely asymptomatic
when admitted on ward, and the event was interpreted as Transient Ischemic event, but a CT scan performed two days after this ﬁrst event,
showed an isolated hypodensity in the left MDN (Fig. 1A).
The primary presentation leading to the new and most recent admission, according to her family members, was that of confusion and
disorientation. The ﬁrst CT scan performed 8 h after the onset of symptoms, at arrival to the hospital, showed only a residual hypodensity of
the left MDN.
On the following day disorientation was still present, and bedside
neuropsychiatric examination revealed anterograde amnesia and a retrograde amnesia for the three days preceding admission.
However, the symptom of major concern for the family was that the
patient had bizarre thought content, the most consistent being that she
was in the hospital because of pregnancy and was close to partum.
When involved in spontaneous conversation with neurologists, she
could not be averted from the topic of the imminent delivery, and her
confabulations were detailed and ﬂorid; when asked about the role of
attending nurses she explained that they were midwives, and when in
the presence of her husband, she jocularly identiﬁed him as the “culprit”
of her hospital admission.
Further attempts, by the examiners, to involve the patient in conversation, always resulted in ﬂorid confabulations, about different issues
(e.g. professional activities of her relatives, housework, culinary ability
etc.). Objectively, the bedside Cookie Theft picture test (Goldglass and
Kaplan, 1983) was described with ﬂorid confabulations about events
preceding the activities represented in the picture.
A CT scan performed two days after onset of confabulations showed
the appearance of right MDN hypodensity (Fig. 1A–B). Subsequent CTangiography, extracranial and intracranial artery ultra-sound scan and
echocardiography were normal. Two EEGs, performed during the hospital stay were normal. The patient underwent MRI at day 7 after the
onset of confabulations and conﬁrmed the presence of bilateral ischemic thalamic lesions (Fig. 2).
Our clinical interpretation was that the observed bilateral MDN lesions were due to lacunae in the territory of the polar pre-mammillary
thalamic or tubero-thalamic arteries, rather than to cardiac emboli.
The patient underwent lumbar puncture to exclude the presence
of cerebrospinal ﬂuid marker of AD. CSF AD proﬁle was deﬁned as
follows: beta amyloid level b800 pg/mL, total tau N 300 pg/mL, and
phosporylated-tau protein N 60 pg/mL (Parnetti et al., 2008). CSF
protein levels were normal: 42-amino-acid isoform of amyloid-β142 (Aβ42) was 971 pg/mL (normal values N 800 pg/mL), total tau
165 pg/mL (normal values b300 pg/mL), phosphorylated tau (Ptau) 25 pg/mL (normal values b60 pg/mL).
The patient was discharged three days after the acute onset of confabulations. A detailed neuropsychological evaluation was performed
8 days after the onset of confabulations. The patient's engagement
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Figure 1. CT scan performed after the two admissions. Panel A shows CT scan performed two days after the left ischemic lacune appearance. Panels B and C show CT scans performed 3 and
6 days after the right MDN lacune appearance, two years after the left lacune.

with the neuropsychological assessments was good. The evaluation
demonstrated that the patient was remarkably impaired in tests
assessing declarative episodic memory for verbal material and she also
showed abnormal scores of episodic memory tests based on visuospatial material. On tests assessing executive functions the patient scored
poorly and confabulated as shown by speciﬁc neuropsychological battery results (Table 1).
Confabulations continued after discharge from the hospital: themes
of pregnancy and partum subsided 2 weeks after her return at home,
but were substituted by further confabulations related to daily life issues, family relationships, economic matters, and her husband's job
and these confabulations were sustained even 5 years after the right

MDN infarct. For example, when asked about her husband, who was
85 years old by then and had been retired for 20 years, she would explain that he was out to work detailing cores and activities. No evidence was ever reported of delusional ideation, e.g. persecutory,
jealousy, guilt, grandiose, religious, somatic, ideas of reference
(Fernandez et al., 2008), nor of hallucinations in any sensory modality.
Because of amnesia, confabulations and apathy, the latter being the
main concern of the patient's caregivers during follow-up, and lack
of other neurological explanations, our clinical opinion was that the
symptoms were consistent with anterior (Ghika-Schmid and
Bogousslavsky, 2000) or combined polar and paramedian (Perren et
al., 2005) thalamic infarction.

Figure 2. MRI scan performed after second admission. Figure show MRI performed 8 days after the right MDN lacune appearance.
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Table 1
Patient's neuropsychological assessment.
Domain/test

Raw scores

Stanine (StN) or *corrected scores

Cut-off scores

General Cognition
MMSE
Raven (coloured matrices)

%ile or %ile range

23
18

*22.3
StN = 2

24

Immediate
Delayed
2

20
1
StN = 0

StN = 1
StN = 0

6–17
b5
b5

Immediate and delayed
1

3
StN = 0

StN = 0

Supra-span spatial learning

b5
b5

Attention/WM
Digit span forward
Corsi
TMTA
TMTB
Visual search

4
3
121
289
34

StN
StN
StN
StN
StN

Executive Functions
FAB
WCST (% perseverative errors)
WCST (% errors)
Verbal ﬂuency (semantic)

11/18
53
74
8

17–28

Memory
Rey verbal learning

Words paired associate learning
Short story

Neuropsychiatric inventory
Confabulation battery

32
Correct/total resp.
Personal semantic memory
Episodic memory
Time and place orientation
General semantic memory

=2
=1
=1
=0
=2

17–28
6–17
6–17
b5
17–28

13.4
6
4
17–28

StN = 2

Confabul./total resp.
12/20
8/15
6/10
8/15

6/20
7/15
2/10
0/15

Bold type: relevant ﬁndings. Cut-off scores are only reported when applicable.
StN: stanine scores, this is a method of scaling test scores on a nine-point standard scale with a mean of ﬁve and a standard deviation of two. It is the Standard Method for rating neuropsychological test scores on the Italian Population. StN = 0 is outside normative limits, StN = 1indicates lower limit of control population. %ile indicates conversion from the stanine scale
into percentile based on the normative data. FAB: Frontal assessment battery; WCST: Wisconsin Card Sorting Test; TMTA: trail making test part A; TMTB trail making test part B. In bold the
impaired performance.

Deﬁcits in neuropsychological test scores remained consistent during follow up. Supplementary Table 1 shows the results of an assessment performed two years after Right MDN lesion, supporting the
argument that there was no progressive neurodegenerative process.

don't know” by a normal subject. Responses were classiﬁed as correct,
wrong or confabulatory. No standard scores are available for the battery,
however the number of confabulatory responses for each set can deﬁnitely provide a picture of the confabulatory behavior.

2.2. Neuropsychological assessment

2.3. MR protocol

The Neuropsychological assessment consisted of tests standardized
on the Italian population, investigating the following cognitive domains
(Table 1 and Supplementary Table 1): general cognition [Mini Mental
Examination (Folstein et al., 1975); Raven Coloured Progressive Matrices (Basso et al., 1987)], executive functions [Frontal Assessment Battery (Appollonio et al., 2005); Wisconsin Card Sorting Test (Heaton,
1981); Verbal Fluency (Spinnler and Tognoni, 1987)], short and long
term memory [Rey Verbal Learning (Carlesimo et al., 1996); Words
Paired Associate Learning and Short Story (Novelli et al., 1986); SupraSpan Spatial Learning, Spinnler and Tognoni, 1987)], working memory
and attention [Trail Making Test (Giovagnoli et al., 1996); Digit Span
and Corsi Test (Orsini et al., 1987); Visual Search (Spinnler and
Tognoni, 1987)]. Visuospatial skills were investigated, by means of visual attention and visual memory tests. A detailed evaluation of language
was not assessed because the patient did not show any symptoms (such
as anomia or paraphasia) at bedside test. In addition we also investigated the presence of neuropsychiatric symptoms (the NPI; Cummings et
al., 1994) as well the tendency to confabulate by means of a structured
questionnaire (Della Barba, 1993). This last is a pool of 95 questions involving the retrieval of various kinds of information such as personal,
general and linguistic semantic memory, episodic memory and orientation. We used 4 out of the 6 original sets for a total of 60 questions. We
did not administer the two sets of “I don't know” questions, i.e. questions constructed so that the appropriate response is likely to be “I

The ﬁrst MR data were collected 7 days after the acute onset of the
symptoms. A second recording was performed 3 months later. All MR
data were collected with a Philips Achieva 3 T scanner (Philips Medical
System, Best, the Netherlands) equipped with 8-channel receiver coil.
After scout and reference sequences, a 3-dimensional T1-Weighted
Turbo Field-Echo (3D T1-W TFE, TR/TE = 11/5 ms, slice thickness of
0.8 mm, FOV = 256 × 192 × 170 mm) and Diffusion Weighted Image
Spin-Echo (DWI-SE; TR/TE = 3691/67 ms, 15 diffusion-sensitive gradient directions) sequences were performed.
Five age-matched healthy women were used as controls.
2.4. MR data analysis
MR data were processed by using Functional MRI of the Brain
(FMRIB) Software Library (FSL version 4.1 (http://www.fmrib.ox.ac.
uk/fsl; (Smith et al., 2004) and TrackVis (http://trackvis.org).
2.4.1. Preprocessing
Noise reduction on T1 images was performed using Smallest
Univalue Segment Assimilating Nucleus (SUSAN) algorithm on structural images. Eddy-currents correction was performed on diffusion images. For structural and DWI images, brain and skull extraction was
carried out using Brain Extraction Tool (BET).
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2.4.2. Localization of thalamic lesions
The T1 structural image of the patient was co-registered in common space on the non-linear MNI152 template with 1 × 1 × 1 mm
resolution, by means of afﬁne transformations based on 12 degrees
of freedom (three translations, three rotations, three scalings and
three skews) using FMRIB's Linear Image Registration Tool (FLIRT).
Working on MNI space, a Morel three-dimensional atlas of the
human thalamus (Morel et al., 1997; Krauth et al., 2010) was overlapped on the patient T1 image in order to localize the thalamic bilateral lesions.

2.4.3. Thalamic parcellation and micro-structural assessment
Segmentation of thalami was performed by processing T1-W structural images with FMRIB's Integrated Registration and Segmentation
Tool (FIRST) (Patenaude et al., 2011).
Mean diffusivity was assessed because it is an index for both grey
and white matter damage and high values of mean diffusivity are related to membrane density reduction and cell loss of both neurons and glia
(Canu et al., 2010; Delli Pizzi et al., 2014, 2015).
For each participant, mean diffusivity maps were obtained from a
tensor-model ﬁt in FSL (FDT, FMRIB's Diffusion Toolbox). Next, mean

Figure 3. Structural connectivity-based subdivision of medio-dorsal thalamic regions (MDNs) obtained from control subjects. Voxels are classiﬁed and coloured according to the highest
probability of connection to a speciﬁc cortical region. Red = connectivity-deﬁned sub-region (CDR) that projects from MDN thalamus to BA25; dark Blue = CDR that projects from
thalamus to BA32; green = CDR that projects from MDN to BA24; yellow = CDR that projects from thalamus to temporal lobe. R = right; L = left.

V. Onofrj et al. / NeuroImage: Clinical 12 (2016) 776–784

diffusivity maps were registered to MNI standard space using FMRIB's
Non-Linear Registration Tools (FNIRT).
By using the methods described by Behrens et al. (2003), the MRI
and DWI data of control subjects were combined to parcellate MDN
(deﬁned by MNI Morel Atlas) according to their cortical structural connectivity with BA24, BA25 and BA32. These data were merged for constructing a MDN structural connectivity atlas. The binarized MDN
obtained from the MNI Morel Atlas was used as “seed” structure. The
binarized Harvard Oxford Cortical Atlas (provided by FSL) was then
used to “target” cortical regions. Thalamic CDR projecting to temporal
cortex was obtained from Oxford thalamic connectivity atlas (provided
by FSL). All masks were in Montreal Neurological Institute (MNI) space
(1× 1 ×1 mm). After Bayesian Estimation of Diffusion Parameters obtained using Sampling Techniques (BEDPOSTX), the DTI maps were registered to MNI standard space using: 1. FLIRT to register each subject's
b0 image to its native structural image, and 2. FMRIB's Non-Linear Registration Tools (FNIRT) to register the structural and diffusion images to
MNI space (1× 1× 1 mm). All masks were then propagated onto each
individual's DTI scalar maps using the inverse of the above transformations. To exclude thalamic voxels that contained cerebrospinal ﬂuid
(CSF), the b0 images were segmented using FMRIB's Automated Segmentation Tool (FAST) and CSF binarized to be used as exclusion
mask. Next, probabilistic tracking was performed by PROBTRACKX
tool. “Find the biggest” command line was used to obtain an atlas deﬁning the MDN subdivision on basis of its connection with ACC (Fig. 3).
Finally, the mean diffusivity values were calculated in each connectivity-deﬁned sub-region (CDR).

2.4.4. Tractography and structural connectivity assessment
For each participant, fractional anisotropy (FA) maps were obtained
from a tensor-model ﬁt in FSL (FDT, FMRIB's Diffusion Toolbox).
TrackVis (http://trackvis.org) was used for visualization purpose and
to perform tractography. Speciﬁcally, by using the subject's b0 image
as reference, two spheres (radius = 3 mm) were placed on the right
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and left thalamic lesions, as “seed regions”. Structural connectivity
along the resulting tracts of interest was assessed by FA.
2.5. Comparison with previous cases
A complete literature search (PubMed search: thalamus and confabulations), and careful reading of case descriptions, allowed the identiﬁcation of ﬁve previous cases, presenting with unequivocally described
confabulations and isolated thalamic lesions documented by MRI ﬁgures. One further case, of bilateral combined thalamic lesions with confabulations, did not have any MRI data (Perren et al., 2005). The ﬁve
cases were reported by Markowitsch et al. (1993), Schnider et al.
(1996a), Nys et al. (2004), Yoneoka et al. (2004), and one was a case
out of 12 of the Ghika-Schmid and Bogousslavsky (2000) series. None
of these studies performed the thalamus parcellation based on structural connectivity, neither did they identify the lesion sites by coregistering
with a thalamic atlas (e.g. Morel) on their structural MRI data. Indeed,
the identiﬁcation of the lesion location was carried out by visual comparison with atlases or by redrawing the lesions on anatomical templates developed by the authors within their respective research
centers (Ghika Schmidt and Bougousslavski, 2000). In order to compare
the different ﬁndings we manually reported the thalamic lesions described by the different authors on an MNI template of one of the planes
showing lesions in our patient. As MRI raw data from the different studies were not available, we are well aware that our drawings of lesions
described by other authors represent an approximation, yet the ﬁgure
renders a concise idea of sidedness and anteromedial location of thalamic lesions.
2.6. Statistical analysis
Conﬁdence interval (mean ± 3 SD) was estimated on FA and mean
diffusivity values obtained from the control groups. Patient FA values
were standardized (z-scores) and z scores ≥3 were considered as a substantial change in FA and mean diffusivity.

Figure 4. Location of right and left thalamic lesion on mediodorsal nuclei, according with the Morel Atlas. The red and orange boundaries delimit respectively the magnocellular and
parvocellular portions of the thalami.
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Table 2
Mean diffusivity values within the right and left thalamic regions projecting to anterior
cingulate cortex (including BA24, BA25 and BA32 areas) and to temporal cortex.
Controls
BA24-R
BA24-L
BA25-R
BA25-L
BA32-R
BA32-L
Temporal-R
Temporal-L

0.000760
0.000757
0.000816
0.000787
0.000781
0.000761
0.000799
0.000785

±
±
±
±
±
±
±
±

0.000081
0.000030
0.000061
0.000056
0.000016
0.000031
0.00016
0.00026

Table 3
Fractional anisotropy (FA) values within the right and left anterior thalamic radiations in
patient and controls.

Patient

Lower CI

Upper CI

FA

0.000834
0.000925
0.001129
0.000911
0.000820
0.000771
0.000805
0.000801

0.000719
0.000696
0.000690
0.000671
0.000736
0.000698
0.000776
0.000788

0.000800
0.000818
0.000942
0.000903
0.000814
0.000824
0.000823
0.000827

Right ATR

Left ATR

0.43 ± 0.02
0.37
0.46
0.39

0.43 ± 0.02
0.36
0.43
0.38

Mean diffusivity values are expressed as mean ± standard deviation (SD); CI = Conﬁdence Interval (mean ± 3 SD). Signiﬁcant results are reported in bold.

3. Results
Visual inspection of patients' MRI images showed symmetrical lacunar thalamic infarctions (Fig. 2A–F). The thalamic lesions were localized
within the parvocellular MDN of the right and left thalami (Fig. 4). No
additional brain abnormalities were detected on T2-weighted and
FLAIR scans. None of the healthy controls had any MRI-detectable
abnormality.
The comparison between our patient and controls showed bilaterally increased mean diffusivity values in thalamic CDR, evidencing reduced integrity of medio-dorsal thalamic regions projecting to BA25,
BA24 and BA32 areas (Table 2). No difference was observed for the
mean diffusivity within the MDN projecting to temporal lobes.
The tractography showed that ﬁbers, which started from thalamic
regions involved by ischemic lesions and project to the frontal cortex,
were accurately matched with right and left anterior thalamic radiations (ATR) (Fig. 5). The FA within these tracts was signiﬁcantly lower
in the patient as compared to controls (Table 3).
Volumetric measures of the thalami showed no signiﬁcant differences between the patient and the controls subjects.
4. Discussion
The case report described in our paper demonstrates that confabulations can occur as a result of isolated bilateral and symmetric ischemic
lesions of the MDN, particularly the parvocellular nuclei. The identiﬁcation of thalamic nuclei was carefully obtained by matching with Morel's
Atlas and by thalamic parcellation. This evidence provides a clinical answer to the vexed question about the origin of confabulations. In KS the
variability and extent of observed lesions in previous studies has made
it difﬁcult to delineate precisely which anatomical structures account
for confabulations (Victor et al., 1971). In contrast, in our reported
case we observed that isolated ischemic lesions of MDN were characterized by ﬂorid confabulations, which accompanied anterograde amnesia.

Controls
Patient
Upper CI
Lower CI

FA values are expressed as mean ± standard deviation (SD); CI = Conﬁdence Interval
(mean ± 3 SD). Signiﬁcant results are reported in bold.

In our patient, MDN lesions were particularly symmetric and anatomically discrete, involving only limited parts of thalami, unlike lesions
observed in KS and in other neurodegenerative disorders.
The MDN lesions occurred in different times in our patient, but the
onset of confabulations only manifested when the second lacunar
stroke of the right MDN occurred.
In Fig. 6 we present a reconstruction, in comparison with lesions observed in our patient, of sites and extent of lesions reported in the four
previous single case studies, where spontaneous confabulations were
unequivocally described (Markowitsch et al., 1993, Schnider et al.,
1996b; Nys et al., 2004, Yoneoka et al., 2004) and in the patient R2 of
the case series by Ghika-Schmid and Bogousslavsky (2000), who was
the only one presenting with confabulations out of twelve patients. As
explained in methods, our reconstruction is based on MRI ﬁgures reported in the original studies, while, in our case, the identiﬁcation of nuclei is based on connectivity parcellation and atlas matching. In the
quoted studies, excluding the study by Markowitsch (1983), the involved thalamic nuclei are indicated as anterior or anteromedial. In
the case of patient R2, by Ghika-Schmid and Bogousslavsky (2000), thalamic lesions involved only the right AN and MDN. In the case reported
by Nys et al. (2004), thalamic lesions were in the right anteromedial
thalamic nuclei, but further bilateral thalamic lesions involved also the
MDN. In the case reported by Yoneoka et al. (2004), the left AN were instead involved, but bilateral lesions also encompassed the mammillothalamic tracts. The extent and locations of the infarcts described in
Markowitsch's patient are strikingly similar to those reported in our
study, and in the case by Schnider et al. (1996b), like in the case by
Ghika-Schmid and Bogousslavsky (2000), only the right AN were affected by ischemia, but the capsular genu and white matter (where ATRs
are located, Fig. 5) were also affected.
Therefore, our comparison of the few reported cases of ischemic thalamic confabulations, suggests that, in order to induce confabulations,
anterior and MDN lesions should involve the right thalamus [as evident
in the second ischemic lesion observed in our patient, or in the patient
described by Schnider et al. (1996b), and in the case of patient R2 by
Ghika-Schmid and Bogousslavsky (2000)] or should involve bilateral

Figure 5. Tractography results. Left panel: the right and left anterior thalamic radiations (ATRs) projecting from the “seed region” (thalamic lesions) to prefrontal cortex. Right panel: box
plot reporting the distribution of the FA values for the right and left ATRs in the patient (red line in the plot) and controls.
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of ongoing reality (Schnider et al., 1996a, 1996b; Schnider, 2001,
Schnider, 2003, Schnider et al., 2005), or by causing a dysfunction in strategic memory retrieval (Moscovitch, 1989; Moscovitch and Melo, 1997).
As an alternative explanation, we suggest that the ACC could modulate, by inhibition, the activity of posterior cingulate cortex, which is the
main hub of the Default Mode Network (DMN). Lesions of MDN, by altering glutamatergic facilitatory projections to ACC, could downregulate
ACC and disinhibit the DMN, whose role is thought to consist mainly in
the introduction of self-referential narrative into experience (Gusnard
and Raichle, 2001; Catani et al., 2013). The ensuing disinhibition of the
DMN could explain the ﬂorid narratives occurring in confabulations.
This hypothesis is speculative, however, and will need further experimental assessments to determine its veracity: fMRI studies should assess, in confabulating patients, whether DMN is disinhibited, like in
frontotemporal lobar degeneration (Zhou et al., 2010), Lewy body dementia and Parkinson's Disease with Dementia patients with delusions
and hallucinations (Franciotti et al., 2013; Franciotti et al., 2015; Galvin
et al., 2011; Kenny et al., 2012; Peraza et al., 2014; Shine et al., 2015), or
inhibited, like in AD patients (Greicius et al., 2004).
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.nicl.2016.10.011.

Figure 6. Comparison of the lesions observed in present case with lesions of confabulating
patients described in ﬁve previous studies. Image shows the sites and extent of the lesions
of the previous studies reporting the emergence of spontaneous confabulations in
comparison with the lesions observed in our patient (delimited with orange
boundaries). The lesions reported in Schnider et al. (1996b), Markowitsch et al. (1993),
Nys et al. (2004), Ghika-Schmid and Bogousslavsky (2000) and Yoneoka et al. (2004)
were highlighted with blue, green, yellow, fuchsia and black boundaries, respectively.
All lesions boundaries were manually drawn on the basis of the ﬁgures reported in the
original studies.

thalamic areas [our case, Markowitsch et al. (1993), Nys et al. (2004),
Yoneoka et al. (2004)]. We therefore suggest that any lesion of right
or left anteromedial thalamus disinhibits the production of narrative
confabulations, but bilateral involvement of the Papez circuit (in any
site of the circuit) is needed in order to provide the severity of the background amnesia, which will, in turn, drive the richness of the confabulatory narrative.
The novelty of our study, is that by combining MRI and DTI techniques, not used in prior studies, we could also demonstrate microstructural damage of the MDN, which connects thalamus with the frontal
cortex and the ACC.
We focused our attention to projections of MDN to ACC and medial
frontal cortex given that the only other clinical condition where confabulations occur, as a result of spatially restricted lesions, is the AcoA syndrome, where orbitofrontal (OF) and ACC are variably disrupted by
aneurismal ruptures (Turner et al., 2008), and because a previous Single
Photon Emission CT study in a patient with KS (Benson et al., 1996)
showed hypoperfusion in ACC.
In our patient, we found WM alterations within the anterior thalamic radiations and micro-structural damage within MDN projecting to
BA24, BA25 and BA32. Conversely, we also observed that thalamic projections to the temporal lobe were preserved bilaterally. Therefore, we
suggest that these projections do not play a signiﬁcant role in the
aetiology of confabulations. Whereas temporal lobes are known to
have connections with anterior thalamic nuclei via the Papez circuit
(Jankowski et al., 2013) and sparse connections of the perirhinal cortex
are known to reach the MDN (Mitchell and Charbotky, 2013), the largest bundle of ﬁbers (the temporo-pulvinar bundle) reaches the posterior thalamic nuclei (pulvinar) (Zhang et al., 2010, Klein et al., 2010,
Aggleton and Brown, 2006), which was not damaged in our patient.
A previous hypothesis on the mechanism of confabulations in patients
with ACoA syndrome suggests that lesions of orbitofrontal areas and ACC
induce confabulations by altering reality monitoring and representation
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