
CONVEGNO SIN CAMPANIA 
Focus su novitaȮ diagnostiche e terapeutiche 

Napoli, 13 dicembre 2019 

Aula Magna G. Salvatore AOU Federico II

Demenze Rapidamente Progressive

Gianfranco Puoti

CIRN
Centro Interuniversitario di Ricerca 
per le Neuroscienze

/w/ ǇŜǊ ƭŀ 5ƛŀƎƴƻǎƛ Ŝ {ƻǊǾŜƎƭƛŀƴȊŀ ŘŜƭƭŜ aŀƭŀǘǘƛŜ Řŀ tǊƛƻƴƛ ŘŜƭƭΩ¦ƻƳƻ



× No formal definition existsfor what constitutesa rapidly progressive 
dementia(RPD), generallywe use the term when dementiaoccursin 
lessthan 1ς2 yearsfrom illnessonset, but more commonlyover weeks 
to months.

Rapidlyprogressive dementia(RPD)
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× Prion diseases are the prototypical causes of RPDé 

ébut reversible causes of RPD might mimic prion disease and 

should always be considered in a differential diagnosis

At first: excludedelirium !!

× Prevalenceof RPD in a Tertiarycare dementiareferral center : 2%
ÅGender: F=M

ÅMean Age: 67,8 yrs ± 11 (41-86)

ÅDisease duration: 6,4 mth ± 5 Tagliapietra et al, JAD 2013 

DEMOGRAFICS



A) A disturbancein attention (i.e., reducedability to direct, focus, sustain, and shift
attention) and awareness(reducedorientation to the environment).

B) The disturbancedevelopsover a short periodof time (usuallyhours to a few days), 
representsa changefrom baseline attention and awareness, and tendsto fluctuatein 
severityduringthe courseof a day.

C) An additionaldisturbancein cognition(e.g., memorydeficit, disorientation, language, 
visuospatialability, or perception).

D) The disturbancesin CriteriaA and C are not explainedby anotherpreexisting, 
established, or evolvingneurocognitivedisorderand do not occurin the contextof a 
severelyreducedlevelof arousal, suchascoma.

E) Thereisevidencefrom the history, physicalexamination, or laboratoryfindingsthat
the disturbanceisa direct physiologicalconsequenceof anothermedicalcondition, 
substanceintoxicationor withdrawal(i.e., due to a drugof abuseor to a medication), or 
exposureto a toxin, or isdue to multiple etiologies.

DSM-5 criteria for delirium
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Prion diseases are the 
prototypical causes of RPD 

Sporadic  (80-85%)
VSporadic Creutzfeldt-Jakob (sCJD)
VSporadic Fatal Insomnia (sFI)
VVariably Protease Sensitive Prionopathy(VPSPr)

Genetic (10-15%)   
VFamilial Creutzfeldt-Jakob familiare(fCJD)
VFatal Familial Insomnia (FFI) 
VGerstmann-Staussler-Sheinkerdisease (GSS)

Transmissible ( 1%)
VIatrogenic Creutzfeldt-Jakob
VNew variant Creutzfeldt-Jakob disease (nvCJD)
VKuru

Human PrionDiseases

PrionProtein(PrPC)



ΨtǊƻǘŜƛƴ ƻƴƭȅ ƘȅǇƻǘƘŜǎƛǎΩ

Prions, the causative agents of transmissible spongiform encephalopathies, appear 
to consist entirely of PrPScΣ ŀƴ ƻǊŘŜǊƭȅ ŀƎƎǊŜƎŀǘŜŘΣ ʲ ǎƘŜŜǘςrich isoform of a 
ubiquitous membrane protein termed PrPC.

ΨtǊƛƻƴΩ ŎƻƴŎŜǇǘ
- a self-propagating state of a protein (the prion) that is biologically accessible but 

rarely formed spontaneously
- Prions replicate themselves by acting on their nonprionsubstrate protein
- Prions spread to naive hosts and find new substrate pools for replication.
- Prions also cause phenotypic changes in the host.
- Replication can be maintained over multiple serial passages from one animal to 

another
- Prions are usually partially proteinase K (PK) resistant
- Prions are usually insoluble in nonionic detergents.

PrPScPrPC
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PrPC PrPSc

PrP conversioné

ü stochastic eventin the sporadic forms

ü induced by exogenPrPSc in the iatrogenic or  transmitted forms

ü as consequence of mutated PrP instability , in the familial forms

...represents the key molecular event of prion diseases
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adapted from PuotiG. et al. Lancet Neurology 2012

(A) Diagrammatic representation of each of the three 129 genotypes (MM, MV, and VV) with their average relative prevalence in allsubtypes of sCJD.
(B) PrPSctype1 is associated with the 129MM genotype in about 95% of cases, whereas MV and VV genotypes are associated with PrPSctype 2 in about 86% of 

cases.
(C) Diagrammatic representation of PrPSctypes 1 and 2; each consists of an amino-terminal region (N) of different size that is protease-sensitive and is digested 

down to amino acid (AA) 82 in type 1 and to amino acid 97 in type 2 (arrows). The different cleavage site is thought to be the result of the different 
conformation in PrPSctypes 1 and 2.

(D) Types 1 and 2 PrPSchave distinct electrophoretic mobilities because of the different size of their respective protease-resistant fragments. 
(E) Both 129 genotype and PrPSctypes are thought to act as determinants of the phenotypes of sporadic prion diseases that are commonly identified with 

letters and numbers to indicate the associated genotype and PrPSctype.

RerationshipbetweenPrPgenotype, determinedby MV-polymorphism
at codon129, and type 1 or 2 PrPSc
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Pathogenic Mutations and Phenotypes
- Creutzfeldt-Jakob Disease
- Gerstmann-Sträussler-ScheinkerDisease
- Fatal Familial Insomnia

-
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FLAIR MRI showing bilateral 
anterior basal ganglia high 
signaling a sCJDVMM1 patient

FLAIRMRIshowingbilateralandsy
mmetricalhighsignalinthepulvin
arnucleiofthethalamus-the 
'pulvinar signΩ ƻŦ ǾŀǊƛŀƴǘ /W5

MRI

FLAIR MRI (row above) and DWI (row below) in a 
sCJDVV11 patient. Note the much more prominent 
signal hyperintensityin the cortical ribbon on DWI 
c/w FLAIR images.

Periodic lateralized epileptiform discharges (PLEDs) 
in the right hemisphere, with some widespread

Generalized periodic epileptiform discharges 
(GPEDs)or periodic sharp-waves complexes

EEG

Creutzfeldt-Jakob disease
Diagnosis
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Histogram of distribution of tau values (log) per 0.1 log unitReceiver operating characteristic (ROC) curves for 
tau and 14-3-3 protein

A comparisonof CSF Tau and 14-3-3 protein in the diagnosis
of Creutzfeldt-Jakobdisease

HamlinC, Puoti G. Berri S. Neurology2012

Creutzfeldt-Jakob disease
Diagnosisi
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This technique exploits the ability of PrPSc to induce PrPC to misfold in a cyclical fashion to form aggregates of 

PrPSc fibrils. The formation of these aggregates is monitored in real time by their ability to bind a fluorescent dye, 

namely thioflavin T

Real-time quaking-inducedconversion(RT-QuIC)

Key Points

Å CSF RT-QuIC is a highly sensitive and specific test for 

sporadic Creutzfeldt-Jakob disease (sCJD).

Å It is not affected by age at onset of disease or PRNP 

codon 129; however, it may be less sensitive in the rarer

forms of sCJD such as MM2 with cortical changes and 

VV1.

Å Of those patients who are negative for CSF RT-QuIC, 

90% have an alternative positive diagnostic investigation, 

such as CSF Tau or 14-3-3, the presence of cortical

ribboning and/or basal ganglia changes on MRI or 

triphasic waves on electroencephalogram.

Å The interpretation of CSF RT-QuIC is hampered by the 

presence of elevated red cell counts (>1250 x 10^6/L), 

white cell counts (>10 x 10^6/L) and raised total protein

concentrations (>1 g/L).

Brain homogenate

CSF

CJD

AD

Unseeded reaction

Control subject

CJD

Control subject

Creutzfeldt-Jakob disease
Diagnosis
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Diagnostic criteria for surveillance of sporadic Creutzfeldt -Jakob disease

from 1 January 2017

Mackenzie and will. Verson1. F1000Res. 2017;6:2053 
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Creutzfeldt-Jakob disease
Diagnosis



Puoti G. et al. LancetNeurology2012

Sporadic prion diseases ςClinical heterogeneity
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sCJD
MM(MV)1

sCJD
MV2

sCJD
129 VV2

sCJDMM 1+2 
(PrPScco-occurrence)

adapted from PuotiG. et al. Neurology 1999  and J  Neuropath Exp Neurol 2005

Sporadic prion diseases ςNeuropathological heterogeneity
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Variant Creutzfeldt-Jakob disease cases by year and country

Mackenzie G and Will R. Creutzfeldt-Jakob disease: recent developments 
[version 1]. F1000Research 2017, 6:2053 

BSE and nvCJD
3F4-Ab

T1A T2A T2B

sCJD vCJD
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Sporadic Prion 
Diseases

31%

Potential Prion 
diseases

27%

Non 
Prion Diseases

25%

Genetic Prion 
Diseases

16%

Acquired prion 
diseases

1%

Sporadic Prion 
Diseases

29%

Potential Prion 
diseases

3%

Non 
Prion Diseases

44%

Genetic Prion 
Diseases

23%

Acquired 
prion diseases

1%

Evaluatedat UCSF
(N=622)

Referredat UCSF
(N=2535)

Major diagnostic categories of patients with rapidly progressive dementia (RPD) referred
to, versus evaluatedat the University of California, San Francisco (UCSF) rapidly 
progressive dementia program over 13 years.

The breakdown of etiologiesof RPDsvaries
amongdementiacenters

Etiologiesof RPDs
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Prion diseases
61%

Other 
neurodegenerative 

diseases
15%

Autoimmune
8%

Infectious
4%

Vascular Diseases
2%

Psychiatric diseases
2% toxic-metabolic 

enchephalopathies
2%

Cancer
2% Undetermined

4%

The breakdown of etiologiesof RPDsat Universityof California, San 
Francisco, Memory and AgingCenter 

PetersonRW et al. Neurology®ClinicalPractice2012

18% had potentially treatable etiologies

(50% autoimmune, 13% eachinfectious, psychiatric, and cancer, and 10% toxic-metabolic)
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AD
14%

FTD
12%

Dementia with 
Lewy bodies

10%

Prion diseases
31%

Vascular 
dementias

8%

Other secondary 
dementias

19%

Unknown
6%

BarcelonaCohort(n. 49)

Sala I et al. Alzheimer Dis Assoc Disord 2012 

Causesof RapidlyProgressive Dementiain a major tertiary
care dementiareferral center in Spain
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REVERSIBLECAUSES
(NPH, infectious, autoimmune, 

vasculitis, toxic-metabolic)
31%

AD
21%

FTD
18%

Prion diseases
15%

OTHER
DEGENERATVE
DEMENTIAS

15%

Causesof RapidlyProgressive Dementiain a major tertiary
care dementiareferral center in Greece

AthensCohort (n. 68)

Papageorgiou SG et al. Alzheimer Dis Assoc Disord 2009
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US National PrionDiseasePathologySurveillanceCenter 
(CWRU - Cleveland, Ohio)

Χwhichtreatabledisordersare mostcommonlymistakenfor CJD 

1,106 Patientsautopsied(aa. 2006-2009)

352 Negative Cases

754 prion Positive Cases

48 Insufficienttissue

71 (23%) with 
potentially
treatablediagnosis

233 (77%) with 
incurableprion
diseasemimics

Immuno
(26) 37%

Neoplasms
(25) 35%

Infections
(14) 20%

Toxic/Metabolic
(6) 8%

Vascular 
Dementia

16%

AD
66%

FTLD
4%

Diffuse Lewy body disease
2%

Tauopathy, NOS
2%

PSP
1%

Hereitary diffuse 
leukoenchephalopaty with 

spheroids
1%CBD

1%

Unspecified degenerativeΧ

Huntington disease
1%

Marchiafava Bignami diseaseΧ

Superficial siderosisΧ

Mesial temporal sclerosis
2%

Chitravas et al. Ann Neurol 2011 
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Vascular

Infectius Autoimmune

Toxic/ Metabolic Malignancy

Iatrogenic

Neurodegenerative

Systemic/ Seizure

RapidlyProgressive Dementia

ETIOLOGIC CATEGORY
Michael D. GeschwindContinuum  2016 
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TOXIC/METABOLIC

üWernickesyndrome

ü Extrapontinemyelinolysis

ü Vitamine B12 deficiency

ü Acquiredhepatocerebraldegeneration

ü Acute intermitermittent porphyria

SYSTEMIC/SEIZURES

ü Hypertensiveencephalopathy

ü Non convulsive status epilepticus(NCSE)

INFECTIOUS

ü Neurosyphilis

üWippledisease

ü Lymedisease

ü HIV dementia

ü Herpeticenchephalitis

VASCULAR

ü Multi -infarct VaD

ü Strategic Infarct dementia

ü InflammatoryCAA

ü PrimaryCNS angiitis

ü Cerebralvenoussinusthrombosis

AUTOIMMUNE

ü LimbicEncephalopathy

ü NMDA-R encephalopathy

ü VGKC antibodiesencephalopathy

ü Acute demielinatingencephalomyelitis

IATROGENIC

ü Medications

MALIGNANCY

ü Primarylymphomaof CNS

ü Gliomatosiscerebri

NEURODEGENERATIVE

ü Priondiseases

ü!ƭȊƘŜƛƳŜǊΩǎdisease

ü LBD

ü FTD

ü CBS



V.I.T.A.M.I.N.S. VASCULAR
Vascolare 

!   Infarti strategici 

!   Leucoencefalopatia 

!   CADASIL 

!   Angiopatia amiloide 

VITAMIN 

CADASIL

Vascolare 

!   Infarti strategici 

!   Leucoencefalopatia 

!   CADASIL 

!   Angiopatia amiloide 

VITAMIN 
Strategic stroke

Thalamic

hemorrhage

Multi -infarcts
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A 59-year-old woman developed confusion, 

progressive aphasia, mutism, and fluctuations

of alertness over 2 weeks. 

DWI MRI revealed abnormalities overlapping

with CJD (A), although the FLAIR MRI (B) with 

white and gray matter hyperintensity was not

consistent with CJD. CSF showed normal cell

counts, negative PCR for herpes simplex virus, 

elevated lactate (4.6 mmol/L), and increased

levels of 14-3-3 and tau protein (1300 pg/L), 

both concerning for CJD . There were no 

periodic sharp-wave complexes on EEG 

recordings. MR spectroscopy revealed a lactate

signal indicative of mitochondriopathy and 

genetic analysis confirmed the MELAS A3243G 

mutation. The DWI (A) displays bitemporal

neocortical hyperintense signals. The FLAIR (B) 

2 days after the initial MRI scan reveals newly

emerging symmetric lesions in the pulvinar 

thalami. Magnetic resonance spectroscopy (C) 

displays a strong lactate signal. 

MELAS

V.I.T.A.M.I.N.S. VASCULAR
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V.I.T.A.M.I.N.S. INFECTIOUS

AxialT2 FLAIR MRIof this 78-year-old man who was
takenat time of diagnosis(A) and 4 monthsafter
diagnosis(B).

Herpes simplex encephalitisHerpes simplex encephalitis
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https://www.sciencedirect.com/topics/medicine-and-dentistry/magnetic-resonance-imaging


BilateralFLAIR hyperintensesignalof parietaland occipitallobesubcorticaland deep
white matter, extendingto the spleniumof the corpus callosum, temporallobe
white matter, and the left externalcapsula. Slighthypointensityof the sameareason 
T1W images, without contrastenhancement.

Progressive multifocal leukoencephalopathy associated with borderline 

idiopathic CD4+ T-cell lymphocytopenia
Dato C. et al. Int. J.  Neurosci, submitted

V.I.T.A.M.I.N.S. INFECTIOUS

PML

Atypical monofocalPML

Atypical PML with cortical involvement
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V.I.T.A.M.I.N.S. TOXIC/METABOLIC
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WERNICKE encephalopathy
Modifiedfrom Elefante A, Puoti G, Senese. EurJ Radiol. 2012.

Classicclinicaltriad :

ÅOphtalmoplegia/nystagmus, 

ÅAtaxia

ÅRapidcognitvedeterioration+ Consciousnessdisturbance

V.I.T.A.M.I.N.S. TOXIC/METABOLIC

sCJD variant CJD



A 50-year-old man. Initial MRI 2 months after onset (A-D) showed symmetric bilateral striatal
FLAIR (A)/DWI (B) hyperintensities (A, B; white arrows) with corresponding hypointensities on 
the ADC map suggesting restricted diffusion (C; black arrows). Bilateral globus pallidus
hyperintensities were present on T1-weighted images (D; green arrows). MRI 1 month later, 3 
months after onset (E-H), showed resolution of the prior FLAIR (E), DWI (F), and ADC (G) map
abnormalities but no change in the globus pallidus T1 hyperintensities (H; green arrows). 

2 months

after

onset

1 month

later

FLAIR DWI ADC map T1

Extrapontine myelinolysis

V.I.T.A.M.I.N.S. TOXIC/METABOLIC

CJD
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Initial MRI (A-C) showed left frontal (white

arrows), left insular (red arrows), bilateral

medial occipital (blue arrows), and left caudate 

(white arrowhead) FLAIR/DWI hyperintensity

with restricted diffusion, which is subtle but

definitely appreciable. Repeat MRI about 3 

weeks later (D-F) showed possible reduced

FLAIR/DWI hyperintensity in the left caudate 

head and medial occipital regions, and 

possible increased right caudate FLAIR 

hyperintensity and restricted diffusion (DYF; 

white arrowheads). A third MRI 1 week later, 1 

month after onset (G-I), revealed more intense 

FLAIR/DWI insular (G, H; red arrows) and 

frontal cortical hyperintensities (G, H; white

arrows) and possible restricted diffusion and 

FLAIR hyperintensity still present in the 

caudate heads (G, H; arrowheads). The 

resolution of occipital cortical ribboning in such

a short time argued against a diagnosis of 
sporadic Jakob-Creutzfeldt disease.

FLAIR DWI ADC map

2 
days

1 
month

3 
weeks 

Reprinted with permission from Rosenbloom MH, et al, Neurol Clin Pract. B 2015 American 
Academy of Neurology. 

V.I.T.A.M.I.N.S. TOXIC/METABOLIC

Hypoglycemic encephalopathy. 
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CJD



V.I.T.A.M.I.N.S. AUTOIMMUNE

NeuronalIntracellular
(ClassicslParaneoplastic)

NeuronalCell-Surface/Synaptic
(Autoimmune)

Astrocytes Myelin Other Brain Proteins

Hu(ANNA-1), Yo, Ri, Ma, 
CRMP-5, AmphiphysinΧ

VGKC (LGI-1, CASPR), NMDAm
AMPA, GABA-Bm±D// Χ

AQP4 
(NMO)

MOG 
(NMO-likesyndromes)

A-Beta 
(CAA-I)

CANCER associated UsuallyNOT cancerassociated
(i.e. autoimmune)

Not Cancer Not Cancer Not Cancer

Poor Good Good Good Poor

EmergingParadigmof CNS Antibody Disorders
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NEURONAL CELL-SURFACEINTRACELLULAR

Cell-basedAssay
(Hec-293m express knownantigen)

Cultureddissociated
hippocampalneurons

(Rat)

Stainagainstrodent
brain slices

Figure 5. Antibodies associated with paraneoplastic encephalitides

A and B: antibody reactivity in a rat brain with antibodies to NR1/NR2 heteromers of the

NMDA receptor (A) and anti-Hu antibodies (B). Anti-NMDA receptor antibodies produce

intense immunolabelling of the neuropil of the hippocampus whereas anti-Hu antibody staining

is limited to neuronal cell bodies. C: cultures of non-permeabilised live neurons

immunolabelled by antibodies contained in the CSF of a patient with anti-NMDA-receptor

encephalitis. D: similar cultures immunolabelled with the CSF of a patient with limbic

encephalitis and cancer of the thymus. The cell-surface antigen is unknown. Treatment of the

tumour and intravenous immunoglobulin resulted in complete recovery. A and B:

immunoperoxidase technique Ĭ25. C: immunofluorescence Ĭ800. D: immunofluorescence

Ĭ400.

Dalmau and Rosenfeld Page 22

Lancet Neurol . Author manuscript; available in PMC 2009 April 1.
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Figure 5. Antibodies associated with paraneoplastic encephalitides

A and B: antibody reactivity in a rat brain with antibodies to NR1/NR2 heteromers of the

NMDA receptor (A) and anti-Hu antibodies (B). Anti-NMDA receptor antibodies produce

intense immunolabelling of the neuropil of the hippocampus whereas anti-Hu antibody staining

is limited to neuronal cell bodies. C: cultures of non-permeabilised live neurons

immunolabelled by antibodies contained in the CSF of a patient with anti-NMDA-receptor

encephalitis. D: similar cultures immunolabelled with the CSF of a patient with limbic

encephalitis and cancer of the thymus. The cell-surface antigen is unknown. Treatment of the

tumour and intravenous immunoglobulin resulted in complete recovery. A and B:

immunoperoxidase technique Ĭ25. C: immunofluorescence Ĭ800. D: immunofluorescence

Ĭ400.

Dalmau and Rosenfeld Page 22

Lancet Neurol . Author manuscript; available in PMC 2009 April 1.
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Cell-basedAssay

NMDAR anti-Hu

V.I.T.A.M.I.N.S. AUTOIMMUNE
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Diagnosis



V.I.T.A.M.I.N.S. AUTOIMMUNE

LimbicEncephalitis

Clinicalcriteria

ü Phenotype(developpingover days, weeks, or months):

Å Cognitive decline(memoryproblems)

Å Psychiatric(behavioralchanges)

Å Seizures

ü Serum: anti-neuronAbs

ü CSF: anti-neuronAbs,  mild pleiocytosisand hyperproteinorrachia

ü EEG: diffuse or temporalslowing; epilepticactivity

ü MRI: T2-hyperintensity, T1-atrophy 
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V.I.T.A.M.I.N.S. AUTOIMMUNE

LimbicEncephalitis

Antibodiesand clinicalphenotypes

Anti-neuronalintracellularantigens

Å Anti-Hu: classicL.E.+ cerebellarsyndrome

Å Anti-Ma2: classicL.E. + diencephalitis

Å Anti-CV2: classicL.E + chorea

Anti-neuronalcell surfaceantigens

Å Anti-VGKC: classicL.E.- MORVAN ςCJD Like

Å Anti-NMDAR: classicL.E. + brainstemencephalitis

Å Anti AMPAR: recurrentclassicL.E.

Å Anti-GABAbR: classicL.E + prominentseizures

PARANEOPLASTIC

IDIOPATIC
and

PARANEOPLASTIC
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Anti-Hu

MR imagingof the brain demonstratesT2-FLAIR hyperintensityand mild

expansionin the right medialtemporallobe(A), right insularcortex(not

shown), and left dorsalthalamus(not shown), without restricteddiffusion

(not shown) or postcontrastenhancement(not shown). FDG-PET of the 
brain demonstratesa hypermetabolicfocus within the right medial

temporallobelesion(B). PET of the body demonstratesa hypermetabolic

focus in the left lung(E), 

V.I.T.A.M.I.N.S. AUTOIMMUNE

LimbicEncephalitis

Anti-Ma2

Axialslices, FLAIR sequences) in patientswith limbic, diencephalic, 

and midbrainencephalitisassociatedwith anti-Ma antibodies.

Anti-neuronalintracellularantigens

Phenotype: 
- male, <40 years
- L.E. + frequentbrainstemand diencephale

involvement, with narcolepsia, SIAD, 
weight increase

- associatedwith testiculartumor

Phenotype: 
- L.E.+ sometimesextra-limbicinvolvement

(paraneoplasticencephalomyelitis)  
- associatedwith lungmicrocitoma (>70%)
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