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Functional brain imaging using |8F-
fluorodeoxyglucose positron emission
tomography/computerized tomography in 138
patients with Kleine-Levin syndrome: an early
marker?

Benjamin Dudoignon,'? Laure-Eugénie Tainturier,>* Pauline Dodet,'? Géraldine Bera,**
Elisabeth Groos,"2 Charlotte Chaumereuil,"2 Jean-Baptiste Maranci,"2 Aurélie Kas®** and
®lsabelle Arnulf'2#

* These authors contributed equally to the study.

Kleine-Levin syndrome is a rare disorder characterized by relapsing-remitting episodes of severe hypersomnia, cognitive impairment, ap-
athy, derealization and behavioural disturbances. Between episodes, most patients experience normal sleep, mood and behaviour, but
they may have some residual abnormalities in brain functional imaging; however, the frequency, localization and significance of abnor-
mal imaging are unknown, as brain functional imaging have been scarce and heterogenous [including scintigraphy 18F-fluorodeoxyglu-
cose positron emission tomography/computerized tomography (FDG-PET/CT) and functional MRI during resting state and cognitive ef-
fort] and based on case reports or on group analysis in small groups. Using visual individual analysis of 18F-fluorodeoxyglucose
positron emission tomography/computerized tomography at the time of Kleine-Levin syndrome diagnosis, we examined the frequency,
localization and clinical determinants of hypo- and hypermetabolism in a cross-sectional study. Among 179 patients with Kleine-Levin
syndrome who underwent 18F-fluorodeoxyglucose positron emission tomography/computerized tomography, the visual analysis was
restricted to the 138 untreated patients studied during asymptomatic periods. As many as 70% of patients had hypometabolism, mostly
affecting the posterior associative cortex and the hippocampus. Hypometabolism was associated with younger age, recent (<3 years) dis-
ease course and a higher number of episodes during the preceding year. The hypometabolism was more extensive (from the left tem-
poro-occipital junction to the entire homolateral and then the bilateral posterior associative cortex) at the beginning of the disorder. In
contrast, there was hypermetabolism in the prefrontal dorsolateral cortex in half of the patients (almost all having concomitant hypome-
tabolism in the posterior areas), which was also associated with younger age and shorter disease course. The cognitive performances
(including episodic memory) were similar in patients with versus without hippocampus hypometabolism. In conclusion, hypometabolism
is frequently observed upon individual visual analysis of 18F-fluorodeoxyglucose positron emission tomography/computerized tomog-
raphy during asymptomatic Kleine-Levin syndrome periods; it is mostly affecting the posterior associative cortex and the hippocampus
and is mostly in young patients with recent-onset disease. Hypometabolism provides a trait marker during the first years of Kleine-Levin
syndrome, which could help clinicians during the diagnosis process.
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ECD = ethyl cysteinate dimer; FDG-PET/CT = 18F-fluorodeoxyglucose positron emission tomography/computer-
ized tomography scan; HMPAQO = hexa-methyl-propryl-amineoxime; KLS = Kleine-Levin syndrome; SPECT = ingle photon emis-

sion computed tomography
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Introduction

Kleine-Levin syndrome (KLS) is a rare (3/million) neuro-
logical disorder affecting mostly teenagers or young
adults. The syndrome is characterized by recurrent,
relapsing-remitting episodes of severe hypersomnia, cogni-
tive impairment, apathy and derealization, sometimes
associated with disinhibited behaviour (megaphagia,
hypersexuality and rudeness), altered mood and halluci-
nations.! Sleep, mood, cognition and behaviour are usual-
ly normal between episodes, although some mild
cognitive abnormalities may persist during asymptomatic
periods,”® as well as emerging psychiatric disorders in
20% of patients.* The mechanisms and causes of KLS
are unknown, but autoimmune or inflammatory hypothe-
ses are suggested. The diagnosis is clinical, as there is yet
no identified marker in the cerebrospinal fluid, and
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morphological brain imaging is normal.” Consequently,
the diagnosis is easy in the presence of clear-cut brief
(e.g. 1 week) episodes with severe symptoms in adoles-
cents, but it is more difficult in cases with unsure or ab-
sent history, amnesia, long episodes, attenuated or
unusual symptoms and concomitant psychiatric or neuro-
logical disorders.

Of interest, functional brain imaging may be abnormal
during symptomatic and asymptomatic periods. Case
reports and small series have identified some hypoperfu-
sions in single photon emission computed tomography
(SPECT) using ethyl cysteinate dimer (ECD) or hexa-me-
thyl-propryl-amineoxime (HMPAQO) and, more recently,
some hypometabolisms using 18F-fluorodeoxyglucose
positron emission tomography/computerized tomography
(FDG-PET/CT).® During episodes, the hypoperfused area
includes the hypothalamus,” thalamus,”” basal ganglia®
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and some cortical areas in parts of the frontal,”'® tem-
poral”'12 and parietal” cortex. Group analysis using
ECD SPECT in 11 patients showed that, compared to
asymptomatic periods, there was hypoperfusion in the
right dorsomedial prefrontal cortex and the right parieto-
temporal junction.'® In the FDG-PET/CT, hypometabolism
is also found in the hypothalamus, in both caudate nuclei,
and in the striatum in single cases.'®'® Decreased metabol-
ism in the occipital and temporal gyrus (versus para-cen-
tral, pre-central and post-central areas, supplementary
motor area, medial frontal gyrus, the thalamus and puta-
men hypermetabolism) was found in four patients during
symptomatic versus asymptomatic periods.'®

In addition, in case reports, some local hypoperfusions
were found to possibly persist during the asymptomatic
period.”!" The thalamus metabolism was initially targeted
as a specific marker of KLS, as it was decreased on ECT
SPECT during episodes in 7/7 children with KLS (and
normalized during asymptomatic periods) on one hand’
and was recruited in KLS patients (but not in controls)
during a memory task using fMRI and magnetic reson-
nance (MR) spectroscopy in asymptomatic periods.'’ ™"’
However, other regions (mostly in the cortex) than the
thalamus were abnormal using brain functional imaging.
Compared to healthy controls using group analysis, 41
patients presented during asymptomatic periods hypoper-
fusions on ECD SPECT in the thalamus, hypothalamus
and caudate nucleus and in cortical areas, including the
orbitofrontal cortex, anterior cingulate cortex and left su-
perior temporal gyrus, extending to the insula.'> On vis-
ual analysis, 11 of 24 KLS patients had hypoperfusion
using HMPAO SPECT in the temporal or frontotemporal
regions.”’ FDG-PET has been visually analysed during
asymptomatic periods in a single case report showing
mild residual hypometabolism in the cingulate gyri, tem-
poral lobes, left frontal lobe, left parietal lobe and right
parahippocampus.”! Compared to healthy controls using
group analysis, four patients with KLS had no hypome-
tabolism but hypermetabolism in the frontal cortex, infer-
ior and medial temporal gyri, left posterior cingulate and
right precuneus.'®

Overall, this information about brain functional imag-
ing is scarce in KLS and is mostly based on case reports
or on group analysis in groups of 4 to 41 patients.
Additionally, it is difficult to perform functional imaging
during symptomatic episodes (in agitated, uncompliant
patients). Eventually, most patients are referred to refer-
ence centres during asymptomatic periods when they are
freely willing to undergo the FDG-PET/CT. As the FDG-
PET/CT has been a routine test in our centre since 2012,
we decided to collect retrospectively the FDG-PET/CT in-
formation obtained during asymptomatic periods at the
time of diagnosis in a large series of well-characterized
patients with KLS. Our aim was to provide some useful
clues for clinicians, including reporting on the sensitivity
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of the test, the common cerebral locations where hypo-
and hypermetabolism should be looked for, and their
demographic and clinical determinants.

Materials and methods

The study was performed in the National Reference
Centre for KLS in the Pitie-Salpétriere University Hospital
in Paris between December 2011 and March 2019. All
patients referred for suspected KLS and their families
underwent a long interview with the KLS physicians
(including a neurologist and a psychiatrist, both sleep
specialists), a cognitive assessment and blood sampling.
The physicians examined previous medical information
collected before referral, including medical history, brain
morphological imagery, EEG, sleep studies, the results of
the spinal tap if performed, as well as biological results
(mostly autoantibodies and urine organic acid chromatog-
raphy). To be included in the present study, patients had
to meet the international KLS criteria,”” including the fol-
lowing: (i) experiencing at least two episodes of excessive
sleepiness and sleep duration, each persisting for 2 days
to 5 weeks; (ii) episodes recur usually more than once a
year and at least once every 18 months; (iii) the patient
has normal alertness, cognitive function, behaviour and
mood between episodes; (iv) the patient must demonstrate
at least one of the following during an episode: (1)
Cognitive dysfunction; (2) Altered perception; (3) Eating
disorder (anorexia or hyperphagia); (4) Disinhibited be-
haviour (such as hypersexuality); and (v) symptoms are
not better explained by another sleep, medical, neurologic
or psychiatric disorder (especially bipolar disorder), or
use of drugs or medications. Patients with atypical or dif-
ferential diagnoses, those with KLS secondary to other
disorders and those with severe mental deficiency were
excluded. Notably, this cohort of KLS patients was differ-
ent from the 41 patients with KLS who benefitted from
SPECT analysis between 2007 and 2011."% For this ana-
lysis, patients who had the FDG-PET/CT during an epi-
sode were excluded, as well as those already treated for
KLS at the time of the scan. All patients (including minor
patients, in this case, in association with their parent-
signed consent) signed an informed consent form for hav-
ing their measures collected in the study. The research
programme was approved by the ethics committee.

The patients completed the Stanford KLS questionnaire,”?

which was later reviewed face to face with the neurolo-
gist. In addition, we paid attention to the last year of the
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disorder (just before brain imaging) and measured the
number and mean duration of episodes, the time incapa-
citated during the last year and the time since the last
episode. Patients completed the Depersonalization/
Derealization Inventory regarding symptomatic periods>*
and the apathy scale during symptomatic and asymptom-
atic periods.”® Physicians performed a physical examin-
ation. Regarding cognitive function during asymptomatic
periods, the patients underwent cognitive tests the same day
as the functional brain imaging, as previously described.’

Dedicated 3D brain FDG-PET/CT was acquired using
Gemini Dual PET/CT (Philips Medical Systems) 30 min
after the injection of 2 MBg/kg FDG (range: 125-250
MBq). Patients fasted for at least 4h with glycaemia
<1.4g/l. They rested in quiet surroundings with the eyes
closed at least 20-min post-injection. The FDG-PET/CT
acquisition lasted 15min with inline CT for attenuation
correction. A conventional 3D iterative algorithm was
used to reconstruct images, including attenuation, scatter
and random coincidence corrections, and a post-recon-
struction filter in a 128 x 128 matrix. Qualitative analysis
of the FDG-PET/CT was performed by one board of two
nuclear medicine physicians with 6 and 11years of experi-
ence in neuroimaging, respectively (G.B. and A.K.). The
age and sex of the patients at the time of the examination
were the only information available during reading ses-
sions (these physicians ignored whether the patient had a
true diagnosis of KLS, was in symptomatic or asymptom-
atic episodes and was or was not treated). Visual interpret-
ation was performed with the Advantage Workstation
(ADW 4.7, GE Healthcare) with images reoriented on the
intercommissural line and displayed in three orthogonal
views with the French colour scale. Activity normalization
was performed by setting the maximum activity on the
pons. The whole brain was examined. In particular, re-
gional cerebral glucose metabolism was scored as normal,
hypometabolic or hypermetabolic in the following regions:
the associative posterior cortex (including the lateral par-
ietal, occipital, temporal areas, precuneus and temporo-oc-
cipital junction), the prefrontal cortex (orbitofrontal,
mediofrontal and dorsolateral areas), the hippocampus,
striatum, thalamus and cerebellum. In a second step, the
conclusion of the FDG-PET/CT visual interpretation (nor-
mal versus abnormal) was compared to the medical report
produced in clinical practice at the time of the FDG-PET/
CT examination to assess concordance between readings
using Cohen’s kappa test. The inter-scorer agreement was
0.80. To take into account the extent of anomalies in the
posterior cortex, a second classification was performed
identifying five cortical patterns: (i) normal metabolism, (ii)
mild hypometabolism involving only the left temporo-oc-
cipital junction, (iii) hypometabolism involving the whole
associative posterior cortex of the left hemisphere, (iv)
hypometabolism involving the right-associative cortex
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without anomalies on the left side and (v) hypometabolism
of the bilateral posterior associative cortex.

Qualitative measures are described using percentages, and
quantitative measures are described by means and stand-
ard deviations. Comparisons between groups were performed
using chi-square or Fisher tests for qualitative measures and
Student’s #test for quantitative measures. Ordinal logistic re-
gression was performed with the type of the hypometabolism
as the ordinal qualitative dependant variable and the clinical
quantitative parameters as a regressor.

Detailed data are available upon request, provided that
the requested clinical measures cannot lead to breach the
patient anonymity.

Results

Between December 2011 and March 2019, ~260 patients
suspected to have KLS were referred to the expert centre.
Among them, 21 were excluded because they had no KLS.
Atypical cases were also excluded. Eventually, 210 patients
had clear-cut KLS (Fig. 1). Thirty-one patients did not have
the FDG-PET/CT for medical or logistical reasons (non-avail-
ability or technical problems of the FDG-PET/CT system, un-
available pregnancy test for some women, and one case
with diabetes). Among 179 patients who underwent the
FDG-PET/CT, 14 patients underwent a scan during an epi-
sode (of whom 2 were treated), and 27 patients were asymp-
tomatic but had already received preventive treatment for
KLS (valproate or lithium). Twelve (85.7%) of the 14
patients who were scanned during an episode also had ab-
normal FDG-PET/CT. This percentage was not different
from the percentage (70.3%) of 138 untreated patients with
abnormal FDG-PET/CT during the asymptomatic period
(P=0.23). Sixteen (59%) of the 27 patients who were
scanned during an asymptomatic period but were taking
medication also had abnormal FDG-PET/CT, a percentage
that was not different (P=0.26) from that of the untreated
asymptomatic group.

Eventually, the 138 patients with KLS who were
asymptomatic and did not receive any treatment at the time
of the FDG-PET/CT scan were included in the present ana-
lysis. Their demographic and clinical characteristics are
shown in Table 1. During at least one of the episodes, 138
(100%) patients had hypersomnia, 138 (100%) had cogni-
tive impairment, 137 (99%) had apathy, 133 (96%) had de-
realization, 88 (64%) had disinhibited behaviour [including
megaphagia in 49 (36%) and hypersexuality in 32 (24%)],
54 (39%) had mood disturbances, 40 (29%) had hallucina-
tions or delusions and 37 (27%) had hyporexia.
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Figure | Flow chart of patients with KLS and frequency of abnormal (with hypometabolism) FDG-PET/CT.

Table | Demographic and clinical characteristics of patients with KLS, in the function of FDG-PET/CT results

Total group Hypometabolism in the Hippocampus Prefrontal dorsolateral
posterior associative hypometabolism hypermetabolism
cortex
Without With P Without With P Without With P
No of patients 138 52 86 77 6l 90 48
Demographical characteristics
Sex, % female 34.8 (48) 23.1 (12) 41.9 (36) 0.025 35.1 (27) 344 (21) 094 30 (27) 43.8 (21) 0.08
Birth problems, % 16.7 (23) 15.4 (8) 174 (15) 075 104(8) 24.6 (15) 0.026 6.7 (15) 16.7 (8) 1.00
Left-handed or ambidextrous, % 17.4 (24) 21.2(11) I5.1 (13) 19.5 (15) 148(9) 047 189 (17) 146 (7) 0.53
Clinical measures
Age at disease onset, y 16.3*+3.7 16.4+3.8 16237 073 168*42 156+30 006 16235 16443 079
Age at FDG-PET/CT time, y 21,692 249*122 196+6.0 0.004 239+ 1.0 188+50 <0.001 22.6+104 19860 0.046
Number of days of the first 151 £19.6 139+105 159*235 051 160*+204 140=186 056 153166 149*+244 0.93

episodes, days
Time since last episode, days 988+758 103.8+752 957*+764 0.46 958+725 1025802 088 958*+729 1043814 0.55

Disease course, month 60.5+91.3 947 +130.3 404479 0.006 788+ 112.3 37.0=44.1 0.004 72.1 = 108.6 39.6 =388 0.013
Since disease onset

Number of episodes 146 +319 208+488 108*+132 O0.15 187*+416 93+88 006 [57+380 123*+149 046

Time incapacitated, d 119.7 = 139.3129.1 = 138.5 1144+ 1403 0.52 146.6 = 173.6 88.6 =74.0 0.015 120.5+ 140.5118.2+ 1385 0.93

Mean episode duration, d 13.1 =134 132111 13.1x146 094 134x97 129=167 091 134=115 128=*16.7 087
Year before FDG-PET/CT

Number of episodes 34+28 28+26 38+29 0.037 27+*22 43+32 0.001 3.1=*25 40+32 0.07

Time incapacitated, d 404 +333 379+358 41.8+319 053 392+329 41.9+340 0.65 38.1+305 445+380 033

Mean episode duration, d 189 +259 235+351 164*+192 021 22.1*+297 147+196 0.10 199*+259 17.0*+262 0.55

The bold text corresponds to the significant results.



6 | BRAIN COMMUNICATIONS 2021: Page 6 of | |

Table 2 Abnormalities in the FDG-PET/CT in 138
patients with KLS

Abnormalities % (N)
Hypermetabolism
Prefrontal dorsolateral 34.8 (48)
Left only 0.0 (0)
Right only 29.7 (41)
Bilateral 5.1 (7)
Precuneus 11.6 (16)
Hypometabolism
Posterior associative area
Temporo-occipital junction 17.4 (24)
Left only 16.0 (22)
Right only 1.4 (2)
Bilateral 0.0 (0)
Temporo-parieto-occipital cortex 442 (61)
Left only 29.7 (41)
Right only 0.0 (0)
Bilateral 14.5 (20)
Other areas
Hippocampus 44.2 (61)
Left only 16.0 (22)
Right only 6.5 (9)
Bilateral 21.7 (30)
Thalamus 6.5(9)
Right only 0.0 (0)
Bilateral 1.4 (2)
5.1(7)
Cerebellum 29 (4)
Left only 0.0 (0)
Right only 0.0 (0)
Bilateral 29 4)

FDG-PET/CT = I8F-fluorodeoxyglucose positron emission tomography/computer-
ized scan.

Prefrontal dorsolateral hypermetabolism

Posterior associative cortex hypometabalism

N=3 N=19 N=19
2.9% 18.7% 18.7%

Hippocampal hypometabolism

Figure 2 Associations between areas with FDG-PET/CT
hypometabolism in patients with KLS.

There were at least one or more hypometabolic areas
(designed as ‘abnormal FDG-PET/CT’) in 97/138 (70.3%)
untreated patients scanned during asymptomatic periods
(Table 2). The most frequent abnormalities were localized
in the posterior associative area (61.6%) and in the med-
ial temporal regions (44.2%). In contrast, only 6.5% of
patients had thalamic hypometabolism, and 2.9% had
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Figure 3 Example of brain FDG-PET/CT images in three
patients with KLS. The images are displayed in axial and coronal
views in radiological convention [right (R) is on the left (L)] with
the French colour scale. Patient A, 18 y.o., had two episodes with
hypersomnia, derealization, apathy and mood disturbances before
the FDG-PET/CT. The cortical and subcortical metabolism was
normal. Patient B, 17 y.o., had six episodes with hypersomnia,
derealization, apathy, behavioural disturbances, hallucinations and
psychiatric symptoms before the FDG-PET/CT scan. There was
mild left temporo-occipital (white arrow) and hippocampal
hypometabolisms (white dotted arrow). Patient C, 36 y.o., had 21
episodes with hypersomnia, derealization, apathy, behavioural
disturbances and psychiatric symptoms. There was a bilateral
associative parieto-temporo-occipital (white arrow) and
hippocampal hypometabolism (white dotted arrow).

cerebellar hypometabolism. No hypometabolism was
found in the prefrontal cortex. The left hemisphere was
more often affected than the right hemisphere. The fre-
quencies of bilateral, left or right hypometabolisms in the
hippocampus and the posterior associative cortex were not
different between left/ambidextrous and right-handed
patients (data not shown). The combination of hypometab-
olism and hypermetabolism in the same patients is shown
in Fig. 2. All but three patients with hypermetabolism had
concomitant hypometabolism in the posterior associative
cortex. Among the 85 patients with hypometabolism in
the posterior associative cortex, 24 (28.2%) patients had
hypometabolism limited to the temporo-occipital junction,
41 (48.2%) had hypometabolism of the left-associative
parieto-temporo-occipital cortex and 20 (23.5%) had
hypometabolism in the bilateral posterior associative cortex
(examples in Fig. 3).

The factors associated with at least one hypometabolism
in the posterior associative cortex included the female
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Figure 4 Patients with FDG-PET/CT hypometabolism
according to disease course. Percentage of patients with FDG-
PET/CT hypometabolism in the posterior associative area (upper
panel) and mesotemporal structure (lower panel) according to

disease course. Patients with imprecise disease course are omitted.
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sex, a younger age at the time of the FDG-PET/CT, a
shorter disease course and a higher number of episodes
during the preceding year (Table 1). The frequency of
patients with hypometabolism in this area, depending on
the disease course, is illustrated in Fig. 4. Within the pos-
terior associative cortex, more severe hypometabolism
was associated with a progressively shorter disease
course, a lower number of episodes (measured over the
total disease course) and a progressively shorter amount
of time spent incapacitated (Table 3). Hypometabolism in
the hippocampus was associated with more frequent birth
defects, younger age, shorter disease course, a shorter
amount of time spent incapacitated (over the total disease
course) and a higher number of episodes during the pre-
ceding year. The recency of the episode was not respon-
sible for this result, as the frequencies of hypometabolism
in the posterior associative cortex and in the hippocam-
pus, as well as of the frontal hypermetabolism in patients
with versus without recent (<2 months) episodes were
similar (data not shown). Because the hippocampus is
involved in memory processes, we evaluated whether cog-
nitive impairments (measured during the cognitive assess-
ment performed the same day as the FDG-PET)
correlated with hypometabolism in this structure in an
exploratory study (Table 4). The performances on the
verbal episodic memory test, spatial memory test, and ex-
ecutive and attentional function tests were similar in
patients with and without hippocampal hypometabolism.
However, there were more patients with working mem-
ory impairment (measured as performance on the back-
ward and forward digit tests) in the group with
hippocampal hypometabolism than in the group without
hippocampal hypometabolism.

Table 3 Demographical and clinical characteristics depending on the extension of the hypometabolisms within the

posterior associative cortex

Hypometabolism Temporo- Left posterior Bilateral P
occipital junction associative cortex posterior associative cortex
Number of patients 24 41 20
Sex, % male (N) 62.5 (15) 58.5 (24) 55(11) 0.6l
Birth problems, % (N) 16.7 (4) 22 (9) 10 (2) 0.64
Clinical measures
Age at disease onset, year 16.0 2.6 162+ 43 16.3 3.9 0.77
Age at FDG-PET/CT, year 21.0+74 19556 182 5.1 0.12
First episode duration, day 19.5 +359 173 £19.5 88*+59 0.16
Time since last episode, day 784 £ 56.7 106.4 =758 82.9 +84.6 0.56
Disease course, month 62.2+729 374+328 20.6 =21.2 0.004
Events since disease onset
Number of episodes 17.5 205 82+85 83*6.0 0.018
Time incapacitated, day 162.1 = 199.8 102.0 = 115.0 67.1 =47.2 0.04
Mean episodes duration, day 11.3*x104 13.6 9.3 92+87 0.85
Events during the year preceding the FDG-PET/CT
Number of episodes 39+x24 3.0x26 53x104 0.16
Time incapacitated, day 427 £22.7 37.0+32.2 46.4 = 36.8 0.76
Mean episode duration, day 174209 156 134 11.4+107 0.20

The P-value is the result of ordinal logistic regression with the type of hypometabolism classified in the following order: (i) temporo-occipital junction; (ii) left posterior associative
cortex; (iii) bilateral posterior associative cortex as independent variable and the clinical quantitative variable as regressor. The bold text corresponds to the significant results.
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Table 4 Cognitive functions in patients with and without hippocampal hypometabolism

Cognitive domains

Hippocampal hypometabolism

Without With P
N 60
Attention
WNMS digit span forward (0-9) 63 1.1 6.7+13 0.10
Subjects with deficient score (<5), % (N) 0(0) 5(3)
Trail Making Test -A, sec 29.9 =153 29.1 = 14.0 0.76
Subjects with deficient score, % (N) 4(3) 10 (6)
Stroop |, correct words 1102177 108.7 = 16.4 0.60
Subjects with deficient score, % (N) 11(8) 10 (6)
Stroop I, correct colour-words 100.4 = 18.4 98.9 + 17.1 0.63
Subjects with deficient score, % (N) 20 (15) 18 (11)
Stroop I, correct colours 734+ 12.1 71.5* 155 0.42
Subjects with deficient score, % (N) 5(4) 5@3)
Working memory (Wechsler Memory Scale)
Digit span backward (0-8) 46+ 1.2 47+1.2 0.42
Subject with deficit score (<3 or delta >2 24 (18) 45 (27)* 0.012
between forward and backward), % (N)
Executive functions
TMT-B, sec 64.5 +27.7 68.0 = 39.5 0.57
Subjects with deficient score, % (N) 3(2) 5@3)
Stroop Interference, correct words 462 +9.8 456+ 11.3 0.74
Subjects with deficient score, % (N) 9(7) 10 (6)
Stroop Interference score 27.1 79 25.7+9.6 0.38
Subjects with deficient score, % (N) 3(2 74
Semantic fluency (categories) 21.6 £6.1 220* 6.8 0.69
Subjects with deficient score, % (N) 20 (15) 5@3)
Verbal fluency (letter M) 122+ 44 122 =44 0.93
Subjects with deficient score, % (N) 20 (15) 15(9)
Verbal fluency (letter P) 13.3+48 13.1 £5.5 0.79
Subjects with deficient score, % (N) 27 (20) 33 (20)
Episodic memory (Free and Cued Selective Reminding Test)
Immediate free total recall (0—48) 34.1 5.0 334+54 041
Subjects with deficient score, % (N) 0(0) 2(1)
Immediate total recall (0—48) 46.6 = 1.6 46.0*+24 0.69
Subjects with deficient score, % (N) 11 (8) 18 (11)
Delayed free recall (0—16) 128 +23 126 2.4 0.69
Subjects with deficient score, % (N) 16 (12) 20 (12)
Delayed cued recall (0-16) 15.7+0.8 15.7+0.6 0.75
Subjects with deficient score, % (N) 54) 74

There was some regional hypermetabolism in 45 patients,
including 3 without concomitant hypometabolism and 42
with  concomitant  hypometabolism  (Table  2).
Hypermetabolism was observed in the prefrontal dorso-
lateral cortex in 48 patients (41 with right dorsolateral
cortex hypermetabolism and 7 with bilateral hypermetab-
olism) and in the precuneus in 16 patients (of whom 11
had concomitant prefrontal dorsolateral hypermetabo-
lism), leading to 46% of KLS patients with hypermetabo-
lism in the prefrontal dorsolateral and precuneus areas.
No hypermetabolism was found in any other brain area.
The disease course age at the FDG-PET/CT was lower in
patients with hypermetabolism than in those without
hypermetabolism (Table 1). No other demographical or
clinical determinant of hypermetabolism was found. In
particular, hypermetabolism was as frequent in patients

with (23/48, 47.9%) megaphagia or hypersexuality (25/
48, 52.1%, P=0.44).

Discussion

In this large series of 138 untreated patients with KLS, 70%
of patients had hypometabolism visible in FDG-PET during
an asymptomatic period. The most frequently affected struc-
tures included the posterior associative cortex and the hippo-
campus, whereas the thalamus and the cerebellum were
rarely affected. Hypometabolism in the posterior associative
cortex and in the hippocampus was associated with younger
age, shorter disease course and a higher number of episodes
during the preceding year (plus female sex for the posterior
associative cortex). Hypometabolism was more extensive in
the posterior associative cortex at the beginning of the
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disorder. In contrast, there was hypermetabolism in the pre-
frontal dorsolateral cortex and the precuneus in half of the
patients (almost all having concomitant hypometabolism in
the posterior structures), which was also associated with
young age and shorter disease course.

Of interest, 70% of 138 untreated patients with KLS had
visible hypometabolism on the FDG-PET/CT. Although sev-
eral groups have previously studied brain functional imag-
ing during asymptomatic KLS periods, methods (HMPAO
and ECD SPECT, FDG-PET/CT and functional MRI) vary.
Additionally, most studies are performed in single cases or
small series.® If one focuses on the FDG-PET/CT measures,
only five patients with KLS (a series of four and an indi-
vidual patient) have been previously studied.'®*® In add-
ition, these studies analyse differences  between
asymptomatic and symptomatic periods, but they do not
describe what is visible on individual scans during asymp-
tomatic periods. Our results here, performed in a large ser-
ies, help determine how sensitive a brain scan visual
measure is, at the level of an individual patient, during the
diagnosis procedure in KLS. Patients are often referred dur-
ing the asymptomatic period because performing the FDG-
PET/CT during symptomatic periods is challenging, as
patients may be unmovable, uncompliant or sleeping dur-
ing the test.”® The sensitivity of abnormal FDG-PET/CT is
high, reaching 70% here. This sensitivity increases up to
86% during symptomatic periods (but in N= 14 patients).
As a comparison, brain ECD scintigraphy yielded a 28.6%
sensitivity for visually detecting hypoperfusions in seven
boys during asymptomatic KLS periods,” and brain
HMPAO scintigraphy yielded a 48% sensitivity for detect-
ing hypoperfusions in 24 patients.”’ Consequently, PET-
FDG/CT seems to be more efficient than HMPAQO and
ECD scintigraphy at detecting functional abnormalities in
KLS brains. Notably, the time since the last episode is not
associated here with the presence of hypometabolism (re-
gardless of the affected area), suggesting that these hypo-
metabolisms are trait markers of the disorder. We cannot
determine the specificity of the method, as it is not applied
here to other neurological and psychiatric disorders that
could mimic some KLS symptoms or to an appropriate
young healthy control group (not ethical, especially in teen-
agers). Note, however, that the abnormal metabolism
found in bipolar disorder (limbic hypermetabolism and
frontal hypometabolism) and in narcolepsy (limbic hyper-
metabolism) affects different areas than in KLS.2*

The major finding here is frequent hypometabolism in
the posterior associative cortex, which is found in 62.3%
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of patients with KLS. This location is coherent with the
hypoperfusion in the left superior temporal cortices and
insula observed in ECD scintigraphy in our 41 previous
(and different) asymptomatic patients with KLS versus
healthy controls found by group analysis,'® but this loca-
tion is not detected by HMPAO scintigraphy.?® This
hypometabolism in the posterior associative cortex is
associated with female sex, younger age at the time of
the FDG-PET/CT, a shorter disease course and a higher
number of episodes during the preceding year. The asso-
ciation with the female sex is robust (75% of girls and
women had hypometabolism in the posterior associative
cortex) and somehow unexpected, as KLS predominantly
affects males. Women with KLS have a few clinical dif-
ferences from men, including more frequent depression
and less frequent hypersexuality during episodes as well
as a shorter disease course®® and a higher risk of emer-
gent psychiatric disorders during asymptomatic periods.®
Younger age at the time of the FDG-PET/CT and a
shorter disease course (and probably a high number of
episodes in the last year, as episodes are usually more
frequent during the first years of the disorder) are
markers of a recent disorder. This impairment can be
graded from hypometabolism restricted to the left tem-
poro-occipital junction, then extended to the rest of the
left posterior associative cortex, and then bilaterally. In
this case, the larger extension is associated with a more
recent disease course (which corresponds to a lower total
number of episodes and the amount of time incapaci-
tated). These findings reinforce the idea that hypometabo-
lism and the severity of hypometabolism are markers of a
more recent disorder. Based on FDG-PET/CT findings,
one may hypothesize that there is brain inflammation at
the beginning of the disease (here, within 3years after
onset) that is later attenuated. In this direction, KLS is
different from other inflammatory brain diseases, such as
multiple sclerosis, as episodes tend to become less severe
and less frequent with time and often disappear after
30years of age.

There is hypometabolism in the mesotemporal cortex,
including the hippocampus, in almost half of patients
with KLS, which is mostly bilateral (21.7%) or affects
the left hippocampus (16%). This area is normal in brain
perfusion scintigraphy using group analysis in 41 asymp-
tomatic patients with KLS,"> but a visual analysis found
that 2 of 4 patients with KLS have hypoperfusion in the
medial part of the temporal lobe in HMPAO scintig-
raphy,” as here. The determinants of hippocampal hypo-
metabolism include birth problems, younger age at the
time of the FDG-PET, more recent KLS onset (which cor-
responds to a shorter total number of episodes), and a
higher number of episodes in the last year. Interestingly,
birth problems are more frequent in patients with KLS
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than in controls in several large series.”>*’ One may
wonder whether this brain structure has been damaged
during the delivery and if it may be linked to a large
intraventricular haemorrhage; however, such haemor-
rhages are observed in extreme prematurity, which was
not the case here. A recent genetic study (performed in
most KLS cases in the world, including the patients here)
suggests that the risk of developing KLS results from an
interaction between a genetic (carrying a TRANK-1 gene
mutation) predisposition and birth problems.>* As the
hippocampus plays a major role in episodic memory, one
may be anxious about observing some hypometabolism
in this area, especially in teenagers and young adults fol-
lowing academic studies. Indeed, approximately one-third
of 120 patients with KLS have residual, mild cognitive
problems during asymptomatic periods, including reduced
logical reasoning, short-term verbal memory, processing
speed, attention and retrieval strategies in verbal mem-
ory.” In eight patients with KLS, functional MRI per-
formed during a working memory task indicates that
patients have deficient executive and associative networks
during rest but are able to compensate them by recruiting
different networks during the memory task.>! In our ser-
ies, 134 of 138 patients underwent complete cognitive
testing the same day as the FDG-PET. More patients
with than without hippocampal hypometabolism have
reduced working memory (which uses a frontoparietal
network, possibly affected here via hypometabolism in
the posterior associative cortex), but surprisingly, they
have no more frequent impairment in other cognitive
domains (including attention, executive functions and epi-
sodic verbal memory). The deficiencies caused by hippo-
campal hypometabolism may be compensated by other
networks in these young brains.

There was visible hypermetabolism in the prefrontal dorso-
lateral cortex (more often the right than the left part) in
one-third of the patients. This hypermetabolism was excep-
tionally (N=23/48 patients) isolated and mostly (N=45/
48) associated with concomitant hypometabolism in the
posterior associative cortex and in the hippocampus (more
often the left than the right part). Widespread hypermetab-
olism (in the frontal and temporal cortices, posterior cin-
gulate and precuneus) and no hypometabolism were found
in four asymptomatic patients with KLS versus healthy
controls using a group analysis in FDG-PET.'® These
major differences from our study may be due to different
(N=138 versus N=4 patients) group sizes and to the
method of analysis (visual individual analysis versus group
analysis). In our series, hypermetabolism was more fre-
quent at a younger age and when the disease course was
shorter, again suggesting, as for hypometabolism, that this
anomaly is a marker of recent KLS. One could imagine
that this prefrontal hypermetabolism would correlate with
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more frequent symptoms of the frontal lobe (e.g. hypersex-
uality or megaphagia) during episodes, but this is not the
case in our series and may rather concern the orbitofrontal
cortex rather than the prefrontal cortex. Alternatively, pre-
frontal hypermetabolism during the asymptomatic period
could be viewed as a compensatory mechanism for some
deficient networks.

The main limitation of the study is the absence of a con-
trol group of young subjects. This could be useful to de-
termine the specificity of the findings here to the price of
irradiating a large group of very young subjects (when
FDG-PET/CT is rarely used in other disorders affecting
young subjects, i.e. haemopathies). One should note that
the FDG-PET/CT was performed in a single expert centre
that is highly experienced in KLS, which means that local
nuclear medicine physicians may have been trained to de-
tect subtle changes in KLS brain imaging. On the other
hand, the study provides reliable measures (e.g. date of
first KLS episode is a precise date, because of the sudden
aspect of the disease; only untreated patients were ana-
lysed to avoid the variability linked to treatments) and
homogenous analysis (the same clinicians for diagnosis,
the same nuclear medicine physicians for visual analysis
and the same neuropsychologist for cognitive tests) in a
large group of patients having this extremely rare dis-
order. Further analyses could be more quantitative using
voxel analysis. The predictive role of hypometabolism in
determining the evolution of KLS (e.g. are patients with
hypometabolism exposed to longer periods of disease,
more severe episodes or residual symptoms?) remains to
be determined in the future. Longitudinal FDG-PET/CT
studies looking at whether hypometabolism disappears
when KLS improves or changes with time and disease
evolution are needed. Eventually, our study was per-
formed during resting state, which is different from acti-
vations during cognitive tests on fMRI as previously
performed,'”?! and may explain why we rarely found
some thalamic dysfunction. Overall, hypometabolism is
frequent on visual analysis of the FDG-PET/CT in KLS,
affecting mostly the posterior associative cortex and the
hippocampus and is associated with young age and recent
(<3 years) onset. Consequently, this information could be
useful for clinicians rarely seeing patients with KLS to
help them wuse this trait marker during the diagnosis
process.
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