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The term ‘rapidly progressive dementia’ (RPD) is com-
monly used to describe a cognitive disorder with fast 
progression leading to the clinical syndrome of demen-
tia, as defined by the Diagnostic and Statistical Manual 
of Mental Disorders fourth edition1, within a relatively 
brief time period, which is commonly considered to be 
less than either 1 or 2 years2. This rather vague definition 
encompasses a large group of heterogeneous disorders, 
including immune-​mediated, infectious and metabolic 
encephalopathies, as well as prion diseases and atypically 
rapid presentations of other neurodegenerative diseases. 
As RPD is one of the typical clinical characteristics of 
Creutzfeldt–Jakob disease (CJD) and has long been 
part of the diagnostic criteria for this condition3, prion 
diseases have been considered to be prototypical RPDs. 
However, the growing recognition of immune-​mediated 
encephalitis4, rapidly progressive subtypes of classic 
dementias such as Alzheimer disease (AD)5 and various 
other mimics of prion diseases6,7 demands a thorough 
consideration of differential diagnoses, especially poten-
tially reversible conditions8,9. Moreover, the potential 
infectivity of some diseases underlying RPD, such as 
HIV or prion diseases, must be considered as a matter 
of public health10.

In this Review, we discuss the definitions of RPD and 
shed light on its different aetiologies. We do not provide 
exhaustive lists of differential diagnoses because they can 

be readily found elsewhere2,9,11–16. Instead, we describe 
the most important entities, underlying pathophysio-
logical mechanisms, disease categories and factors that 
might contribute to rapid cognitive decline in primar-
ily slowly progressive neurodegenerative diseases. We 
also discuss the diagnostic procedure, the likelihood 
that certain diseases are related to the speed of disease 
progression, and the utility of biomarkers. Finally, we 
summarize current curative and palliative treatment 
options. Knowledge of the aetiologies, syndromes and 
complex diagnostic work-​up of RPD will help clinicians 
to establish an early diagnosis and prevent morbidity and 
mortality.

Definition and prevalence of RPD
One of the earliest scientific articles to mention RPD, pub-
lished in the 1950s, described this disorder in the context 
of demyelinating diseases17. In the intervening years, RPD 
has become increasingly recognized as a distinct clinical 
syndrome that occurs in atypical (non-​AD) dementias11, 
human prion diseases and related disorders that are con-
sidered in the differential diagnosis of these conditions12,18. 
Although general definitions usually consider less than 1 
or 2 years as the time span from the first disease-​related 
symptom to development of the dementia syndrome2, 
some causes of RPD, such as encephalitis or metabolic 
encephalopathies, can lead to dementia within weeks.  
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In addition, particular definitions of RPD in neuro
degenerative diseases have been proposed, using either 
total disease duration19 or measures for speed of cognitive 
decline such as changes in Mini-​Mental State Examination 
(MMSE) scores in rapidly progressive AD (rpAD)5,20. A 
summary of common definitions2,5,18–23 can be found in 
Table 1. Owing to these heterogeneous definitions, the 
overall incidence of RPD is difficult to determine or even 
to estimate, and data are scarce. According to a Brazilian 
study from a tertiary care centre, 3.7% of all patients 
referred to a neurological unit over 3 years were diag-
nosed with RPD24. In other single-​centre studies, around 
one-​quarter of hospitalized patients with dementia were 
classified as RPD (24% in Greece25 and 27% in India26).

In summary, quantification of the prevalence or 
incidence of RPD depends on its definition, the type of 
evaluating centre and probably also the demographic 
characteristics of the population. Analyses of the global 
disease burden have shown that 43.8 million people lived 
with dementia in 2016 (ref.27). Assuming that a substan-
tial percentage of these patients presented with RPD, the 
syndrome has exceedingly high clinical relevance.

Aetiologies of RPD
Rapid disease progression in dementia syndromes can 
be roughly categorized as primary or secondary. Primary 
rapid disease progression occurs in prion diseases, 
rapidly progressive types of other neurodegenerative 
dementias, encephalitis and other diseases that typically 
cause severe neuronal injury within a relatively brief 
time period. Secondary rapid disease progression can 
occur in primarily slowly progressive CNS diseases as a 
consequence of complications such as seizures or in the 
presence of concomitant CNS pathologies (for example, 
AD with cerebrovascular disease or Lewy body pathol-
ogy). Furthermore, severe non-​CNS pathologies might 
contribute to neuronal injury, to the overall clinical 
impression (for example, pain, dyspnoea or neoplasia) or 
to reduced survival times. The diseases and clinical fac-
tors that have been implicated in rapid cognitive decline 
are summarized in Fig. 1.

The distribution of different aetiologies of RPD has 
been evaluated in several studies from specialist6,28–32 and 
tertiary24–26,33–35 centres, and the observed frequencies 

are highly dependent on the study design (Table 2). 
According to data from CJD referral centres, prion 
diseases accounted for 53–76% of cases in autopsy 
series6,30–32, compared with 34% in a longitudinal mul-
ticentre study that used autopsy data or clinical diag-
nostic criteria including EEG, MRI and cerebrospinal 
fluid (CSF) analyses29. Among individuals without 
prion disease, AD was the most frequent differential 
diagnosis (16–51%), and potentially treatable condi-
tions such as encephalitis (8–21%) or toxic–metabolic 
encephalopathies (1–10%) were less common6,28,30–32. 
By contrast, in a smaller, more recent study, inflamma-
tory (immune-​mediated and infectious) and cerebro-
vascular diseases were the most important differential 
diagnoses36 for CJD. Although these numbers might 
reflect the aetiologies of RPD to some degree, they must 
be interpreted cautiously. The studies included patients 
with suspected CJD and were not based on the presence 
of an RPD syndrome alone. In retrospective studies from 
tertiary centres, only 8% (ref.26) to 31% (ref.33) of referred 
RPD syndromes were caused by prion diseases. In these 
studies, inflammatory CNS diseases (35–66%)24,26,34 
and neurodegenerative diseases (28–47%)25,33,35 were 
the most frequent differential diagnoses. These dis-
crepancies might be attributable to differences in study 
design, type of referral centre or health-​care system, or 
increased awareness of immune-​mediated encephalitis 
as a potential cause of RPD over the years.

Despite the various caveats, these data highlight the 
importance of considering potentially reversible aetio
logies and superimposed reversible conditions in the 
differential diagnosis of RPD. The clinical differentia-
tion between truly progressive diseases, monophasic 
illnesses and recurring events that can lead to rapid 
cognitive decline can be challenging. Conditions that 
usually show immediate onset or stepwise progression 
might mimic other RPDs and are frequently considered 
in the differential diagnosis. An ongoing clinical review 
is required to assess the nature of disease progression. 
In the sections that follow, we describe the pathophysio
logy, epidemiology and clinical characteristics of specific 
conditions that frequently present with RPD in the clinic.

Prion diseases
Though rare in the general population, prion diseases 
are very important in the context of RPD. The incidence 
of these diseases is around two per million person-​years 
and has increased over the past few decades, probably 
because of improved diagnostic techniques36,37. Sporadic 
CJD (sCJD) is the most common human prion disease 
and is generally regarded as a spontaneous neurodegen-
erative illness, arising from either spontaneous prion 
protein gene (PRNP) somatic mutation or stochastic 
prion protein structural change. sCJD is characterized 
clinically by RPD with ataxia, myoclonus or other neuro
logical signs, and neuropathologically by the presence 
of aggregates of abnormal prion protein (PrPSc), spon-
giform change, neuronal loss and gliosis. Despite these 
common features, sCJD has long been recognized as 
encompassing a wide phenotypic spectrum with regard 
to age of onset, presenting features, rate of progression 
and emergence of other clinical manifestations.

Key points

•	Definitions of rapidly progressive dementia (RPD) vary according to the aetiological 
background and relate to the speed of cognitive decline, time from first symptom  
to dementia syndrome and/or overall survival.

•	RPD can occur in rapidly progressive neurodegenerative diseases, such as prion 
diseases, or in primarily slowly progressive diseases as a consequence of intrinsic 
factors or concomitant pathologies.

•	Besides neurodegenerative diseases, inflammatory (immune-​mediated and infectious), 
vascular, metabolic and neoplastic CNS diseases are important and frequent causes  
of RPD.

•	To identify treatable causes of RPD, the technical diagnostic work-​up must include 
MRI and analyses of blood and cerebrospinal fluid, and further diagnostics might be 
indicated in unclear cases.

•	Therapeutic options for many non-​neurodegenerative causes of RPD are already 
available; disease-​modifying therapies for neurodegenerative RPDs are an important 
focus of current research and could become a treatment option in the near future.
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The various clinicopathological phenotypes of sCJD 
have been linked at the molecular level with two dis-
tinct PrPSc protein glycotypes (type 1 and type 2) and 
the methionine (M)/valine (V) polymorphism at PRNP 
codon 129, resulting in six main disease subtypes38. The 
most common subtypes are MM1/MV1 and VV2, with 
MM1/MV1 — the ‘classic’ form of CJD — comprising 
about 65% of all cases. Typical symptoms and signs at 
onset of MM1/MV1 include rapid cognitive decline and 
cortical anopsia (the so-​called Heidenhain variant), fol-
lowed closely by ataxia, myoclonus or other involuntary 
movements38. The disease progresses very rapidly, lead-
ing to death within 4–5 months. The phenotype associ-
ated with the VV2 molecular subtype comprises about 
15–20% of sCJD cases. This subtype is clinically charac-
terized by early onset of cerebellar symptoms, followed 
by memory loss within 2–3 months. True cognitive 
decline (besides the initial memory impairment) and 
myoclonus are late features39. The MV2 subtype accounts 
for about 10% of cases. This subtype is characterized by a  
relatively prolonged disease duration and diverse 
symptomatology, especially at onset. Dementia is the first  
clinical sign in about 50% of patients40. However, the dis-
ease can also begin with ataxia or extrapyramidal signs 
and is challenging for the clinician because of the poten-
tial diagnostic overlap with neurodegenerative diseases, 
including various α-​synucleinopathies. Rare subtypes of 
sCJD include the VV1 and MM2 subtypes, as well as 
variably protease-​sensitive prionopathy (VPSPr). The 
diagnosis of these phenotypes is complicated not only 
by their low frequency but also by their relatively slow 
progression and long disease durations (often 2 years or 
more). The VV1 subtype, which occurs mostly — but 
not exclusively — in males at a relatively young age38,41, 
typically starts with psychiatric or cognitive abnormali-
ties, followed by extrapyramidal signs and ataxia. In the 
MM2 thalamic subtype, insomnia, frequent arousals and 
enacted dreams can be reported at onset42, whereas the 
MM2 cortical subtype is characterized by progressive 
dementia and disturbances of higher cognitive function, 

a high frequency of aphasia and apraxia, and myoclonus 
in the later stages43.

The clinical diagnosis of a prion disease can be 
supported by CSF analysis, MRI and EEG. Although 
EEG might provide important information, classic 
periodic sharp and slow wave complexes are a late fea-
ture of prion disease. By contrast, MRI sequences such 
as fluid-​attenuated inversion recovery (FLAIR) and 
diffusion-​weighted imaging (DWI) can detect signal 
hyperintensities very early in the disease course44,45 and 
have become a valuable part of the commonly applied 
diagnostic criteria18,46. MRI might also help to define 
the clinicopathological disease subtype on the basis 
of specific patterns of alterations. A diagnosis of sCJD 
is further supported by the detection of biomarkers 
in blood or CSF47, including 14-3-3 protein and the 
phosphorylated tau (p-​tau) to tau ratio as markers of 
neuronal damage. In the differential diagnosis of neuro
degenerative disorders, elevated levels of 14-3-3 and/or 
tau support a diagnosis of sCJD with a sensitivity of 
85–94% and a specificity of 80%47.

Another class of assay based on initial amplification 
of PrPSc protein shows considerable promise for specific 
and sensitive pre-​mortem testing for CJD48. Real-​time 
quaking-​induced conversion (RT-​QuIC) is an amplifi-
cation system that mimics the conversion process from 
physiological PrP to PrPSc. This technique allows the 
amplification and detection of femtogram amounts of 
PrPSc from the CSF. Given its high sensitivity and spec-
ificity, it has recently become part of the clinical diag-
nostic criteria47 and could improve early diagnosis and 
surveillance of CJD36,49.

Some forms of human prion disease can present with 
different biomarker profiles and clinical characteristics. 
Inherited prion diseases such as genetic CJD, fatal famil-
ial insomnia (FFI) and Gerstmann–Sträussler–Scheinker 
syndrome should be considered, especially when the 
family has a history of such syndromes. Variant CJD, 
which was linked to bovine spongiform encephalopathy, 
has only affected about 232 patients since 1995 but is 

Table 1 | Definitions of rapidly progressive dementia

Study Type of RPD Definition of RPD Additional diagnostic 
characteristics

Geschwind (2016)2 General definition of RPD Symptom onset to 
dementia: <1 or 2 years

NA

Degnan and Levy (2014)22 General definition of RPD Symptom onset to 
dementia: <6 months

NA

Josephs et al. (2009)19 Rapidly progressive 
neurodegenerative dementia

Symptom onset to death: 
<4 years

Neuropathological diagnosis 
of neurodegenerative disease

Soto et al. (2008)5 Rapidly progressive AD Reduction of ≥3 points per 
6 months in MMSE score

Clinical diagnosis of AD

Schmidt et al. (2011)20 Rapidly progressive AD Reduction of ≥6 points per 
year in MMSE score

Clinical diagnosis of AD

Gaig et al. (2011)21 Rapidly progressive DLB Symptom onset to death: 
≤1.5 years

Neuropathological diagnosis 
of diffuse Lewy body disease

Garcia-​Esparcia et al. 
(2017)23

Rapidly progressive DLB Symptom onset to death: 
≤2 years

Neuropathological diagnosis 
of diffuse Lewy body disease

Zerr et al. (2009)18 Possible sporadic CJD Total duration <2 years CJD typical clinical syndrome

AD, Alzheimer disease; CJD, Creutzfeldt–Jakob disease; DLB, dementia with Lewy bodies; MMSE, Mini-​Mental State Examination; 
NA, not applicable; RPD, rapidly progressive dementia.
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still a public health concern and should be considered in 
patients with inconclusive biomarker results or atypical 
clinical presentation10.

Neurodegenerative and vascular dementias
Rapidly progressive Alzheimer disease. Studies on prion 
disease diagnosis and RPD have revealed AD as a major 
differential diagnosis6,29,30. The heterogeneity of AD is 
increasingly recognized, and diagnostic standards have 
yet to be defined for atypical forms of AD characterized 
by rapid disease progression, a poor prognosis, a distinct 
clinical and neuropsychological syndrome and possibly 
a specific genetic background. Most such cases were 
discovered within the framework of clinical surveillance 
centres for prion diseases6,50,51. The patients exhibited a 
very rapid disease course with dementia and various 
early focal neurological signs and symptoms, and they 
died within 24 months of disease onset.

Although typical AD and rpAD seem to share core 
neuropathological features, individuals with rpAD 
show a higher prevalence of moderate to severe cere-
bral amyloid angiopathy52, which might contribute to 
additional neuronal injury and cognitive disturbance53. 
Clinically, patients with rapid disease progression 
present atypically28 and already have a high fre-
quency of focal neurological signs in the early disease 
stages52,54. Neuropsychological assessment at baseline 

evaluation can aid the identification of patients with 
rapidly progressing disease55, with early executive and 
language impairment being highly predictive of rapid 
AD progression56. With respect to paraclinical para
meters and CSF biomarkers, no differences in CSF tau,  
p-​tau and amyloid-​β (Aβ) levels, hippocampal volumes or  
amyloid deposition have been observed between patients 
with typical AD and those with rpAD, but a lower CSF 
p-​tau to tau ratio and region-​specific hypometabo-
lism in the left angular and left temporal cortices on 
18F-​fluorodeoxyglucose (18F-​FDG) PET might identify 
patients who are at risk57. The apolipoprotein E (APOE) 
genotype distribution has been controversially discussed 
in the literature20: most publications have reported no 
difference between typical AD and rpAD, but some 
reports have suggested that the APOE ε4 allele is less 
prevalent among patients with very fast progression54,58.

Various hypotheses have been put forward to explain 
disease heterogeneity in AD. From a biological per-
spective, disease progression has been linked to distinct 
conformers of Aβ59. Nuclear magnetic resonance data 
indicate that Aβ40 fibrils from individuals with rpAD 
exhibit significantly greater structural variability than 
those from individuals with typical AD60. In addition, 
specific expression patterns of isoforms such as Aβ11–42 
and differences in Aβ aggregate seeding characteris-
tics have been reported61, and proteomic differences in 

Slowly progressive 
neurodegenerative diseases

Rapidly progressive 
neurodegenerative dementia

Prion diseases

Rapid cognitive decline

Rapidly progressive disease subtypes

• Rapidly progressive AD
• Rapidly progressive DLB

Concomitant pathologies

• ‘Mixed‘ dementia
• Other independent CNS pathologies
• Severe non-neurological diseases

Secondary complications

• Affective symptoms
• Recurrent seizures, dehydration, 

aspiration or other late-stage 
complications

• Amyloid angiopathy in AD
• Fluctuation in DLB

Inflammatory CNS disease

• Immune-mediated encephalitis
• Atypical viral, bacterial or fungal encephalitis
• Septic encephalopathy

Neurovascular diseases

• Recurrent or progressive stroke
• Cerebral vasculitis
• Cerebral amyloid angiopathy

Toxic–metabolic encephalopathies

• Conditions such as Wernicke–Korsakoff 
syndrome, hepatic encephalopathy or uraemia

• Chronic or acute intoxication (for example 
metal intoxication)

Other diseases and mimics

• CNS neoplasia
• Delirium, dehydration, fever
• Affective and psychotic disorders
• Mitochondriopathies
• Recurrent seizures, non-convulsive status 

epilepticus
• Cerebral hypoxia
• Substance abuse
• Late-onset storage diseases

Fig. 1 | Rapidly progressive dementia: disease entities and contributing factors. The flow chart shows the diseases 
and other contributing clinical factors that have been implicated in rapid cognitive decline. AD, Alzheimer disease; DLB, 
dementia with Lewy bodies.
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amyloid plaques have been identified62. In particular, 
rpAD plaques showed significantly higher levels of neu-
ronal proteins and lower levels of astrocytic proteins than 
those from individuals with typical AD. Plaques from 
patients with rpAD have a particular abundance of synap-
tic proteins, especially those involved in synaptic vesicle 
release. Other cofactors, such as prion protein oligomers, 
have also been found to be potentially associated with 
rpAD63. With regard to AD-​related tau pathology, the  
colocalization of SFPQ protein with tau oligomers in  
the brain of individuals with rpAD suggests a possible role 
for SFPQ in the oligomerization and subsequent misfold-
ing of tau protein64. In addition, an increased proportion of  
the four-​repeat (4R) tau isoform was recently found to be 
associated with rapid cognitive decline in AD65.

Rapidly progressive types and subtypes of other neuro­
degenerative dementias. Cases of RPD have also been 
described among individuals with α-​synucleinopathies, 
in particular, dementia with Lewy bodies (DLB)21. The 

mean disease duration of DLB is more than 8 years, but 
advanced age at onset, Lewy body disease of the diffuse 
type and alterations in markers of the innate immune 
system23,66 were found to be associated with substantially 
shorter survival times. However, no distinct neuropatho-
logical subtype of rapidly progressive DLB has been 
identified to date67. Other factors that might give a clin-
ical impression of RPD or lead to a shortened survival 
time include the characteristic symptom fluctuations, 
recurrent falls and frequent occurrence of delirium  
in DLB.

With regard to tauopathies and the frontotemporal 
lobar degeneration (FTLD) spectrum, a rapid disease 
course with relatively short survival has been reported 
in progressive supranuclear palsy (mean 2.9 years)68 and 
FTLD with motor neuron disease (mean 2.3 years)69.  
In the latter condition, bulbar involvement or respira-
tory insufficiency, as well as specific types of mutation, 
such as C9orf72 expansion70, might be associated with 
accelerated disease progression.

Table 2 | RPD aetiologies in routine clinical practice and specialist referral centres

Study Definition of RPD Number of 
patients

Inflammatory (%) Neurodegenerative (%) Neurovascular (%) Toxic–
metabolic 
(%)

Other 
(%)Infectious Immune- 

mediated
CJD AD Other

Tertiary centre

Acosta et al. 
(2020)35

First symptom to 
dementia: ≤2 years

104 3 23 30 9 19 3 6 8

Anuja et al. 
(2018)26

First symptom to 
dementia: ≤1 year

187 21 18 8 14 (AD or 
other)

10 16 13

Neto et al. 
(2017)a (ref.24)

First symptom to 
MMSE score <20: 
≤2 years

61 20 46 12 8 (AD or 
other)

Counted as ‘other’ Counted 
as ‘other’

15

Zhang et al. 
(2017)34

First symptom to 
dementia: ≤2 years

310 26 9 7 15 10 Excluded 10 23

Sala et al. 
(2012)b (ref.33)

First symptom to 
dementia: ≤1 year

49 2 4 31 14 23 8 8 12

Papageorgiou 
et al. (2009)b 
(ref.25)

First symptom to 
dementia ≤1 year

68 6 9 13 18 29 13 Excluded 12

Outpatient memory clinic

Day et al. 
(2018)c (ref.28)

First symptom to 
dementia: ≤2 years

67 Counted 
as ‘other’

Counted 
as ‘other’

6 66 27 Counted as ‘other’ Counted 
as ‘other’

5

Single-​centre CJD surveillance

Chitravas 
et al. (2011)6

Initially suspected 
prion disease

304 5 9 NAd 51 12 12 2 10

Grau-​Rivera 
et al. (2015)31

Initially suspected 
prion disease

52 8 13 NAd 29 23 13 6 8

Maat et al. 
(2015)32

Initially suspected 
prion disease

181 4 12 NAd 34 17 11 1 21

Peckeu et al. 
(2017)30

Initially suspected 
prion disease

483 8 (infectious or 
immune-mediated)

NAd 36 12 9 10 25

Multicentre CJD surveillance

Stoeck et al. 
(2012)29

Initially suspected 
prion disease

7 ,115 11e (infectious or 
immune-mediated)

NAd 16 24 11 7 31

In tertiary centres and the outpatient clinic, diagnoses were based on clinical criteria24–26,28,31,33, whereas diagnosis in CJD surveillance centres was fully6,30–32 or partially29 
based on neuropathology. AD, Alzheimer disease; CJD, Creutzfeldt–Jakob disease; MMSE, Mini-​Mental State Examination; NA, not applicable; RPD, rapidly progressive 
dementia. aDelirium was an additional exclusion criterion. bAdditional exclusion criteria: acute cognitive disturbance associated with infections, metabolic disorder 
and intoxication. cAdditional inclusion criteria: increase of more than two Clinical Dementia Rating stages in ≤2 years. dOwing to selection bias, prion diseases were 
not considered for this table. eParaneoplastic disease and CNS neoplasia were not differentiated (both classed as ‘other’).
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Rapid progression in cerebrovascular disease and vascu­
lar dementia. Cerebrovascular disease is associated with 
various dementia phenotypes, including post-​stroke 
dementia, multiple cortical infarct dementia and sub-
cortical ischaemic dementia71. Cognitive impairment 
directly following a stroke might manifest as RPD, but 
in the absence of additional vascular events, the disease 
course is usually not progressive. Many studies have 
reported vascular events and chronic vascular dementia 
as relevant causes of RPD25,26 or differential diagnoses 
of CJD6,29,36, and recurring cerebrovascular events can 
cause further rapid cognitive decline. Even after a single 
stroke, secondary complications such as seizures might 
contribute to further cognitive deterioration.

In patients who present with RPD, unusual mecha-
nisms of cerebrovascular disease and dysfunction, other 
than age-​related and risk factor-​related arteriosclerosis, 
must be considered. These mechanisms include cer-
ebral amyloid angiopathy with or without AD-​related 
Aβ pathology72, general presence of microbleeds73, vessel 
malformations and posterior reversible encephalopathy 
syndrome74. Primary angiitis of the CNS (PACNS), also 
known as primary CNS vasculitis, should always be 
considered in patients with RPD. Cognitive decline is 
observed in about 50% of patients with PACNS75, and 
the outcome is usually favourable if appropriate treat-
ment is administered76. Besides PACNS, CNS vasculi-
tis can also occur secondarily to various infectious (for 
example, varicella zoster virus (VZV) or HIV), other 
immune-​mediated conditions (for example, giant-​cell 
arteritis, Behçet disease or lupus erythematosus) and 
neoplastic diseases77. Vascular inflammation with related 
Aβ deposition is also relevant in this context: cognitive 
symptoms are even more common in Aβ-​related angiitis 
than in PACNS78.

Mixed pathologies. The co-​occurrence of two or more 
CNS pathologies is not a rare phenomenon, espe-
cially in older populations79. A study that evaluated 
neuropathological results from a brain bank series 
found that 73% of individuals with RPD had concom-
itant pathologies, most of which involved AD-​related 
pathology, Lewy bodies or cerebrovascular disease31. 
However, although recent diagnostic criteria for AD 
and vascular dementia take concomitant pathologies 
into account71,80, the nature of their relationship is still a 
matter of controversy, and potential dependencies, syn-
ergies and effects on disease progression are still poorly 
understood. Moreover, the phenotype of slowly pro-
gressive dementias such as AD might be modified by 
synergistic effects involving concomitant α-​synuclein, 
TAR DNA-​binding protein or, in rare cases, even PrPSc-​
related pathology. Such superimposition might be dif-
ficult to detect in a clinical context because specific 
in vivo biomarkers for many of these proteinopathies 
are not available.

Inflammatory CNS diseases
Infectious encephalitis. Dementia-​causing bacterial, 
viral, fungal and protozoan infections of the brain are 
a well-​known phenomenon. The spectrum of the most 
important pathogens has changed over time and differs 

between geographical regions and populations with 
distinct socioeconomic characteristics.

Although neurosyphilis (late-​stage Treponema pal-
lidum infection) has become rare since the introduction 
of contact tracing and penicillin, the global preva-
lence of syphilis has been on the rise again since the 
turn of the millennium, and might be overlooked and 
undertreated81,82. Untreated syphilis can lead to various 
neurological symptoms at the meningovascular syphilis 
stage, and in the later stage of parenchymatous manifesta-
tion (‘general paresis’ or ‘dementia paralytica’), it typically 
causes dementia and other neuropsychiatric symptoms83.

Subacute sclerosing panencephalitis is an important 
cause of RPD in some countries with low current or past 
rates of vaccination for the measles virus26. In European 
countries and North America, herpes simplex virus 
(HSV) and VZV infections are the most prevalent causes 
of encephalitis84,85. Owing to their typically acute onset 
with seizures and altered conscious state, these infections 
are not usually considered in the differential diagnosis 
of RPD, but are reported to be potential mimics24,26 and 
are important to exclude in patients with severe RPD 
with an accelerated disease course. A meta-​analysis 
found that neurocognitive disorder has a global prev-
alence of 42.6% among HIV-​infected adults with and 
without antiretroviral therapy86. Although RPD seems 
to be a rare clinical finding among these patients, we 
recommend that an HIV test should be part of the basic 
diagnostic work-​up for dementia. However, physicians 
should also pay attention to less frequent CNS infections 
with good treatment options (for example, Whipple 
disease87), regionally highly frequent CNS infections (for 
example, Japanese encephalitis in Asia88) and emerging 
pathogens (for example, Borna virus89). Progressive mul-
tifocal leukoencephalopathy is a demyelinating disease 
that is associated with reactivation of the JC virus (not 
to be confused with CJD or other occasionally used 
abbreviations for CJD such as JCD or JD) and typically 
affects patients with immunodeficiency. This condition 
can cause various progressive neurological symptoms, 
affecting cognition or behaviour in 36–54% of patients90.

The COVID-19 pandemic has brought new chal-
lenges, not only regarding internal medicine and public 
health but also for the differential diagnosis of RPD. It 
seems probable that SARS-​CoV-2 infection can cause 
encephalopathy with cognitive disturbance, either 
directly or delayed through immune-​mediated pro-
cesses. The frequency of these conditions and potential 
disease mechanisms, as well as the pandemic’s effects on 
primary care and surveillance of dementia syndromes, 
are still under investigation91–98 (Box 1).

Immune-​mediated encephalitis. Immune-​mediated 
encephalitis accounts for a substantial proportion of 
encephalitis cases (21% in a 2010 study from England84) 
and is among the most important differential diagnoses 
for RPD24,26. This heterogeneous group of conditions 
includes antibody-​mediated paraneoplastic and non-​
paraneoplastic encephalitis and CNS manifestations of 
systemic autoimmune disorders.

The ‘classic’ paraneoplastic encephalopathies 
are caused by antibodies that target intracellular 
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onconeuronal antigens such as Hu, Yo and Ri. These 
encephalopathies are predominantly associated with 
small cell lung cancer and gynaecological neoplasia but 
occasionally occur with other tumour entities. The most 
common syndrome caused by paraneoplastic encepha-
lopathy is cerebellar degeneration, but other syndromes 
such as panencephalitis or stiff-​person syndrome have 
also been observed4.

Immune-​mediated encephalitides associated with 
antibodies against neuronal cell-​surface proteins, ion 
channels or receptors, such as the NMDA receptor 
(NMDAR) or leucine-​rich glioma inactivated protein 1 
(LGI1)4,99, are related to neoplasia to varying degrees (fre-
quently in the case of anti-​NMDAR antibodies but rarely 
in the case of anti-​LGI1 antibodies). Structures of the 
limbic system are often affected, and the characteristic 
neuropsychiatric syndrome includes prominent mem-
ory deficits4,100. These syndromes typically show acute 
or subacute onset and early occurrence of altered con-
sciousness and seizures. Some specific types have been 
reported to be important mimics of CJD (for example, 
anti-​LGI1 encephalitis)101 or other rapidly progressive 
neurodegenerative diseases (for example, anti-​IGLON5 
encephalitis). Anti-​IGLON encephalitis might even 
mimic neurodegenerative disease at the neuropatho-
logical level by inducing deposition of hyperphospho-
rylated tau protein in the brain102. In addition, distinct 
syndromes with anterograde or global amnesia have 
been reported to be manifestations of anti-​adenylate 
kinase 5 (AK5)103 and anti-​AMPA receptor (AMPAR)104 
encephalitis, respectively.

The diagnosis of immune-​mediated encephalitis 
can be challenging. A study from Spain reported a lack 
of CSF pleocytosis and signs of inflammation on MRI 
in 23% of older patients with limbic encephalitis105, 
and another study showed that in 7% of patients with 
limbic encephalitis, no associated antibody could be 
identified106. Neoplasia99,107 and viral encephalitides 
(especially herpes encephalitis)108 are the most impor-
tant diseases associated with antibody-​mediated 
encephalitis, and accurate and early diagnosis is crucial 
because the outcomes are generally favourable with 

appropriate treatment109. An important example of 
immune-​mediated encephalitis with good treatment 
options is steroid-​responsive encephalopathy associated 
with autoimmune thyroiditis (SREAT). Unfortunately, 
related thyroid antibodies are not disease-​specific 
and have a high prevalence in the general population. 
Therefore, clinicians must be extremely cautious in con-
sidering this diagnosis, especially in patients without 
specific signs of CNS inflammation110.

Other causes of RPD
Metabolic and toxic encephalopathies. Metabolic and 
toxic encephalopathies have been found to be frequent 
causes (6–16%) of RPD in several studies26,35. Alcohol 
abuse and related dementia is probably the most impor-
tant of these encephalopathies. Alcohol-​related dementia 
is common, accounting for up to 10% of cases early-​onset 
dementia111. Alcoholism is often associated with malnu-
trition and organ injuries, potentially leading to Wernicke 
encephalopathy, other vitamin deficiency-​related 
encephalopathies or hepatic encephalopathy. In addi-
tion, alcohol abuse is often related to the occurrence of 
seizures and is a major precipitant of status epilepticus112.

Other potential metabolic causes of RPD include — 
but are not restricted to — recurrent hypoglycaemia, 
severe hypothyroidism, hyponatraemia and osmotic 
extrapontine myelinolyses, highlighting the impor-
tance of including basic metabolic markers in the initial 
diagnostic process. Depending on the patient’s history 
and clinical impression, acute or chronic intoxications 
with drugs, metals or other toxic agents should also be 
considered.

CNS neoplasia. Besides paraneoplastic immune-​
mediated encephalopathies, primary CNS neoplasias, 
such as glioma and meningioma, and intracranial 
manifestations of peripheral neoplastic diseases, such 
as cerebral metastases and neoplastic meningitis, are 
also potential causes of RPD. These neoplasias can 
affect cortical and subcortical structures through space 
occupation, infiltration and destruction of brain tissue, 
secondary oedema or disturbance of CSF circulation 
resulting in intracranial hypertension. Among the dif-
ferent tumour entities that have been linked to RPD, pri-
mary CNS lymphoma and the increasingly recognized 
intravascular lymphoma113 are of major importance. The 
incidence of primary CNS lymphoma is increasing, and 
these tumours have profound effects on cognitive func-
tions and are challenging to diagnose114. However, treat-
ment options that prolong survival and might improve 
cognitive performance are becoming available115.

Mitochondriopathies and other hereditary diseases. 
Mitochondriopathies and storage diseases usually show 
a chronic or stepwise disease course and are not com-
monly considered as RPDs. However, these conditions 
can show accelerated progression under the influence 
of secondary complications or concomitant pathologies. 
In addition, the onset of mitochondriopathies might 
mimic RPDs such as CJD, and several reports from 
prion disease centres mention these diseases among the 
differential diagnoses6,24,34.

Box 1 | Rapidly progressive dementia during the COVID-19 pandemic

The COVID-19 pandemic, which began in early 2020, has affected almost all aspects of 
health care, the economy, politics and culture in a global context. The pandemic poses 
several challenges to rapidly progressive dementia (RPD) diagnosis, treatment and 
surveillance.

The SARS-​CoV-2 virus itself has been linked to various neurological symptoms and 
pathologies that might cause or mimic RPD, such as delirium, toxic–metabolic enceph-
alopathies, post-​infectious and para-​infectious encephalitis, cerebral haemorrhage or 
thrombosis and encephalomyelitis91–93. Considering the extremely high incidence of the 
infection, associated encephalopathies should be considered in cases where the cause of 
RPD is unclear. Moreover, an accelerating or even causal effect of SARS-​CoV-2 infection 
or its complications on neurodegenerative disorders is a current topic of discussion94–96, 
and these potential long-​term effects of the virus merit further investigation.

Additional effects of the pandemic include worsening of pre-​existing cognitive deficits 
and other neuropsychiatric symptoms as the result of lockdown measures, as well as the 
increased risk of severe COVID-19 among patients with dementia97. Health-​care systems, 
including surveillance systems for prion diseases, might also be affected by lockdown 
measures or regional peaks of COVID-19 incidence. To overcome these difficulties, 
innovative concepts such as telehealth98 need to be developed and established.
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The typical onset of mitochondriopathies such as 
mitochondrial encephalomyopathy, lactic acidosis 
and stroke-​like episodes (MELAS) is before the age of  
20 years, and only 10–24% of patients initially present 
with cognitive impairment116. Nonetheless, late-​onset 
manifestations are possible and must be considered in 
patients with RPD with additional syndromes match-
ing the MELAS criteria. Similarly, various types of 
lysosomal, glycogen and other storage diseases and 
leukodystrophies can show late-​life onset and can be 
accelerated by other systemic diseases. In particular, dis-
orders of metal metabolism such as Wilson disease and 
neurodegeneration with brain iron accumulation are 
known to cause neuropsychiatric symptoms, although 
they predominantly present as movement disorders.

Mimics of RPD
Several CNS disorders and secondary conditions 
can present with or mimic RPD. Delirium, in which 
cognitive impairment is a clinical key feature117, and 
non-​convulsive status epilepticus are important dif-
ferential diagnoses. These potentially reversible condi-
tions might be superimposed upon, aggravate or even 
mimic an RPD syndrome, and should be considered 
during both initial and ongoing clinical investigations. 
The concept of ‘pseudodementia’, a syndrome in which 
cognitive impairment manifests in people with severe 
affective disorders, was introduced in the 1980s118 and 
has been a matter of controversy ever since. However,  

a multinational European study found that 4% of 
patients with RPD and initially suspected CJD were 
finally diagnosed with a psychiatric disease29.

Similar to some of the other mentioned disease 
groups, demyelinating inflammatory disorders do not 
characteristically cause an RPD syndrome. However, 
the term RPD was first used in this context17, and mul-
tiple sclerosis and acute disseminated encephalomyeli-
tis have been recognized as rare differential diagnoses  
of RPD30,34.

The diagnostic process in RPD
Owing to the wide spectrum of differential diagnoses 
and manifold underlying disease mechanisms, the diag-
nostic work-​up for RPDs is complex and a linear deci-
sion tree is unlikely to be applicable to various potential 
clinical scenarios. In this section, we describe the differ-
ent diagnostic steps, tools, procedures and implications. 
A summary based on the published literature and the 
clinical experience of the authors in provided in Box 2. 
This framework is intended as an initial screening tool 
but it is not exhaustive, and critical re-​evaluation by the 
clinician will be required in patients with negative test 
results.

Clinical presentation
The first steps in the diagnostic process for RPD, as with 
any other diseases, are to evaluate the clinical presenta-
tion, the demographic background and the medical 

Box 2 | Differential diagnosis of rapidly progressive dementia

Step 1: Patient history and clinical examination
Patient history:

•	Age at onset

•	Speed of cognitive decline

•	Medical history

•	Type of cognitive deficit

•	Other symptoms

Physical examination:

•	State of consciousness

•	Focal neurological signs

•	Other physical symptoms

•	Identify or rule out acute conditions such as delirium, intoxication  
or stroke

•	Search for characteristics of specific rapidly progressive  
dementias to determine the sequence of further investigations

Step 2: Standard technical procedures
Blood tests:

•	Standard markers of inflammation, organ function and metabolism, 
including electrolytes (especially sodium), kidney and liver markers, 
thyroid hormones and B vitamins

•	Test for HIV, syphilis or other specific pathogens or antibodies, 
depending on the clinical presentation

Imaging:

•	Search for inflammation, vascular pathology, tumours, atrophy, 
restricted diffusion and metal deposition

•	CT (brain): exclude acute intracranial pressure, if necessary

•	CT (thorax and abdomen): search for tumours

•	MRI: T2-weighted fluid-attenuated inversion recovery, diffusion-weighted 
imaging plus apparent diffusion coefficient, susceptibility-weighted  
or T2*-weighted imaging and T1-weighted imaging with gadolinium 
administration

Cerebrospinal fluid:

•	Basic analyses to identify inflammatory processes

•	Specific autoantibody or other pathogen tests

•	Protein biomarkers for Alzheimer disease (tau, phosphorylated tau and 
amyloid-​β42) and Creutzfeldt–Jakob disease (14-3-3 protein and 
real-time quaking-induced conversion (RT-QuIC))

•	Cytopathology

EEG:

•	Abnormal patterns

•	Non-convulsive status epilepticus

Step 3: Advanced diagnostics
Biomaterials:

•	Skin biopsy, genetic or enzyme diagnostics to identify rare storage and 
other hereditary diseases

Imaging:

•	18F-​Fluorodeoxyglucose PET

•	Amyloid and tau PET

•	Whole-​body PET–CT to detect non-​CNS neoplasia

Anti-​inflammatory therapy:

•	Immunoglobulin or high-dose steroids in patients with suspected  
but unproven encephalitis (caveat: CNS tumours might also respond  
to steroids)

Last resort:

•	Brain or leptomeningeal biopsy
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history. In patients with cognitive impairment, history 
of onset and speed of decline might set the course for  
further investigations. The patient history is best asses
sed in the presence of the next of kin or caregivers, and 
should include the history of any neuropsychiatric dis-
eases or substance abuse, as well as the occupational 
background to identify potential exposures to toxins.  
An initial assessment of the disease onset and predia
gnostic course might provide clues to the nature of 
symptom evolution (rapid progression versus stable con-
dition), but the patient should continue to be monitored 
throughout the diagnostic process.

Differentiation of RPD from delirium117 is one of the 
most important considerations in the initial diagnostic 
phase. Immediate or acute onset of severe cognitive defi-
cits within minutes to hours points towards acute events 
such as stroke, seizures or high intracranial pressure. 
However, some inflammatory CNS diseases and meta
bolic encephalopathies can also develop within a very 
short time period. By contrast, individuals with prion 
diseases usually present with dementia weeks to months 
after onset of the first symptoms, and other RPDs can 
present even later. Figure 2 displays the different aeti-
ological categories of RPD and their association with 
the speed of symptom development. The age at onset is 
another important factor for the initial clinical evalua-
tion. For prion diseases, the peak of onset is between 60 
and 69 years of age, and onset before the sixth decade of 
life is rare (5% of cases)119. Many other neurodegenera-
tive disorders that underlie RPD are typical diseases of 
the older population, but in younger patients with RPD, 
the diagnostic spectrum is very broad120. In reports 
from tertiary centres, the mean age of individuals with 

RPD in tertiary centres ranged from 48 to 63 years, and 
patients with encephalitis in particular tended to be at 
the younger end of the age spectrum24,26,34,35.

Neurological and psychiatric assessments are other 
important steps in the differential diagnosis of RPD. The 
type of cognitive impairment or the state of conscious-
ness, as well as the presence of focal neurological signs, 
might help differentiate conditions such as delirium, 
seizures and stroke. Although individuals with rpAD 
might present with focal neurological signs in the ear-
lier stages of the disease54, the presence of these signs  
generally points towards non-​AD dementia. Some  
signs may even be considered to be characteristic of certain  
diseases, such as stimulus-​sensitive myoclonus in 
CJD, asterixis (flapping tremor) in hepatic encephalo
pathy, faciobrachial dystonic seizures in anti-​LGI1 
limbic encephalitis121 or aphasia in herpes encephalitis. 
Importantly, however, even these characteristics do not 
exclude other causes of RPD.

Blood-​based biomarkers
Routine blood tests conducted at the first admission of 
a patient with RPD can provide valuable information 
and identify potentially reversible conditions. These 
conditions include systemic inflammation, as detected 
through tests such as leukocyte counts and C-​reactive 
protein levels, and various metabolic disorders. Besides 
disturbance of electrolytes, markers of liver, kidney and 
thyroid function are of special interest. Further infor-
mation can be gained by testing for specific infectious 
diseases such as HIV and syphilis and searching for sys-
temic autoantibodies and vitamin deficiencies (for exam-
ple vitamin B1, vitamin B12 and folic acid). Depending on 

Acute or subacute encephalopathy

Time from first symptom to full dementia syndrome:

Rapidly progressive dementia

Neurodegenerative dementia

Prion disease

Inflammatory CNS disease

Neurovascular disease

Toxic–metabolic encephalopathy

CNS neoplasia

Immediately Hours Days Weeks Months Up to 2 years

Fig. 2 | Probable rapidly progressive dementia aetiologies in relation to time from onset to dementia. The chart 
reflects the likelihood of particular disease categories in light of the rapidity of cognitive decline. The time of symptom 
progression (indicated above disease categories) ranges from immediate onset of relevant cognitive dysfunction (left) to  
2 years from onset of first symptoms to presence of dementia (right). Higher colour intensity indicates a typical time frame 
for each disease category. Patients with Creutzfeldt–Jakob disease usually develop a full dementia syndrome within a time 
span of a few weeks or a few months after onset. In other rapidly progressive neurodegenerative dementias, this process 
usually takes from several months up to 2 years. Encephalitides and metabolic encephalopathies are likely to show imme-
diate or subacute onset with very rapid disease progression, whereas vascular encephalopathies are extremely hetero
geneous and can show immediate onset of dementia (after stroke, for example), rapid disease progression (vasculitis),  
or moderate or stepwise progression (classic vascular dementia). This chart is intended to provide a rough overview and 
exceptions can occur. It is based largely on the literature reviewed in this article, as well as on the authors’ personal 
experience from their clinical work in a dementia referral centre and in prion disease surveillance.
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the clinical presentation, patient history and other diag-
nostic results, additional tests such as specific hormone 
levels, drug screens or coeruloplasmin and copper blood 
levels might be indicated. In the presence of a positive 
or ambiguous family history, or a clinical syndrome that 
indicates a hereditary disease, various genetic analyses 
might be warranted as part of the diagnostic process. 
Blood-​based biomarkers for neurodegenerative diseases 
and CJD are currently undergoing validation and are 
expected to be available in the next few years122.

CT and MRI
CT has relevance in the emergency setting to exclude 
intracerebral bleeding or acute hydrocephalus, but 
in most patients with RPD, differential diagnosis 
requires cranial MRI. The MRI protocol should include 
T1-​weighted images with gadolinium injection to iden-
tify tumorous and inflammatory lesions with blood–
brain barrier leakage. Atrophy patterns can also provide 
information on potential neurodegenerative diseases. 
T2 and FLAIR images might reveal gliosis resulting 
from chronic vascular or inflammatory encephalop-
athy, or oedema with numerous causes. DWI lesions 
with corresponding hypointensities on apparent diffu-
sion coefficient maps can identify restricted diffusion in 
acute ischaemia and CJD. Susceptibility or T2*-​weighted 
images can show chronic microbleeds and metal depos-
its. In addition, magnetic resonance angiography is 
useful to identify vessel occlusion and also to visualize 
stenosis in PACNS123,124.

MRI is of particular importance for the diagnosis of 
CJD. Although no standard protocols currently exist, evi-
dence indicates that DWI is more sensitive than FLAIR for 
the early detection of signal abnormalities in CJD, espe-
cially in the cerebral cortex45,46. However, the evaluation of 
MRI scans in CJD and its differential diagnoses is not tri
vial and the typical lesions are occasionally overlooked123. 
Involvement of subcortical structures (other than the 
basal ganglia), oedema and T1 abnormalities or absence 
of the typical radiological features of CJD might point to 
ischaemia, inflammation or metabolic disorders125,126. The 
MRI lesions in encephalitis have a wide spectrum, with 
signal abnormalities including an increased FLAIR signal 
and/or gadolinium enhancement, both typically involving 
the temporal lobe in viral encephalitides and structures 
of the limbic system in immune-​mediated encepha-
litis. Numerous other lesion patterns can be present, 
depending on the type of encephalitis. MRI abnormal-
ities are reported to be completely absent in the majority  
(70% or more) of patients with anti-​NMDAR109 or 
anti-DPPX limbic encephalitis4, whereas individuals with 
other types of encephalitis are likely to show increased  
signal in the medial temporal lobes (anti-​LGI1, anti- 
CASPR2, anti-​AMPAR and anti-​GABAB receptor), basal  
ganglia (anti-​dopamine receptor 2) or multiple cortical  
and subcortical regions (anti-​GABAA receptor)4.

Figure 3 provides examples of MRI results in the 
most important diagnostic groups of RPD: prion dis-
eases (Fig. 3a and b), AD (with cerebral amyloid angio
pathy; Fig. 3c), cerebrovascular disease (PACNS; Fig. 3d), 
encephalitis (anti-​NMDAR; Fig. 3e) and metabolic 
encephalopathy (Wernicke encephalopathy127; Fig. 3f).

Cerebrospinal fluid analysis
Lumbar puncture and CSF analyses are key tools in iden-
tifying inflammatory CNS diseases and are essential for 
diagnostic evaluation of RPDs. In initial or emergency 
evaluation, elevated white blood cell (WBC) counts 
can rapidly identify encephalitis and meningitis. It is 
important to recognize that despite the transmissibility 
of prion diseases between individuals and across spe-
cies, the CSF lacks a typical inflammatory response in 
people with these conditions. Therefore, routine analy
ses of CSF samples from patients with CJD is usually 
unrevealing, although a slight non-​specific increase in 
total protein is observed in about one-​third of patients, 
and oligoclonal bands can occasionally be found128,129. 
Thus, any specific sign of inflammation on CSF anal-
ysis probably points towards a non-​neurodegenerative 
cause of RPD.

An elevated WBC count is usually a clear sign of 
encephalitis, although some neoplastic CNS diseases 
such as lymphoma or neoplastic meningitis can also 
cause mild to moderate WBC elevation130, necessitating 
further cytopathological investigation. A normal WBC 
count does not exclude the presence of tumour cells in 
the CSF, and cytopathology should be considered in all 
patients with unclear RPD. A so-​called reactive WBC 
count elevation (six or more leukocytes per microli-
tre) resulting from the lumbar puncture itself has been 
reported but is thought to be rare131. Similarly, elevation 
of WBC count is uncommon after status epilepticus 
without inflammatory aetiology132 and rarely occurs 
within the first 24 h after onset133. Conversely, around 
20% of patients with immune-​mediated encephalitides 
can lack inflammatory signs in the CSF134. We recom-
mend performing a basic search for infectious agents 
(for example, HSV and VZV) and a panel test for the 
most important autoantibodies4 in all patients with 
evidence of inflammation on CSF analysis. As indi-
viduals with atypical and immune-​mediated encepha-
litides, such as anti-​LGI1 encephalitis, might lack 
inflammatory signs in the CSF, such tests may also be 
reasonably performed on the basis of clinical presenta-
tion or imaging results. In unclear cases, an advanced 
search for atypical agents (for example, Tropheryma 
whipplei), systemic autoimmune disease and neoplasia 
is indicated.

With respect to neurodegenerative dementia, highly 
sensitive and specific protein biomarker tests have been 
established for the early diagnosis of AD (p-​tau, Aβ42 and 
the Aβ42 to Aβ40 ratio)135 and CJD (RT-​QuIC)47. CJD is 
also associated with extreme elevation of neuronal injury 
markers such as CSF total tau protein and neurofilament 
light chain47. However, markers of neuronal injury and 
neurodegeneration are not disease-​specific and can be 
altered in various RPD aetiologies136. The possibility that 
very high levels of neurofilament light chain or tau can 
predict rapid progression in common neurodegenerative 
diseases is currently under investigation.

EEG
EEG can detect abnormal brain function, latent epileptic  
activity and seizures and should be part of the stan
dard diagnostic work-​up for RPD, at least to exclude 
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non-​convulsive status epilepticus, which might mimic 
RPD. Historically, EEG has been included in the diag-
nostic criteria for sCJD, but the typical pattern, periodic 
sharp and slow wave complexes, is not easy to distin-
guish from active seizures137 and usually occurs at a late 
disease stage. EEG abnormalities of any nature have a 
high sensitivity for immune-​mediated diseases138, but 
again they are not specific for these conditions.

Other imaging techniques
Cerebral 18F-​FDG PET can reveal glucose hypometab-
olism in specific brain regions and might be indicated 
in some suspected differential diagnoses for RPD; 
for example, to detect thalamic hypometabolism in 
FFI or sporadic fatal insomnia139, or to characterize 

tumour entities140,141. In the case of neurodegenerative 
diseases, 18F-​FDG PET can detect tissue hypometab-
olism as a stage of neurodegeneration that precedes 
MRI changes such as atrophy. Molecular tracers that 
bind to cerebral Aβ (amyloid-​PET) and tau (tau-​PET) 
deposits can identify AD-​related pathology at an early 
stage135. In addition, bilateral mesial temporal signal 
abnormalities on 18F-​FDG PET have been reported to 
be a sign of immune-​mediated encephalitis142, but no 
specific patterns or tracers have been identified for this 
disease type.

An important step in the differential diagnosis of 
RPD is the search for neoplastic diseases, either cere-
bral or peripheral, as potential source of paraneoplas-
tic syndromes. Thus, we recommend that thoracic and 

a b c
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Fig. 3 | MRI findings in rapidly progressive dementia. a | Diffusion-​weighted imaging (DWI) in a 62-​year-​old woman  
with the MV2 subtype of sporadic Creutzfeldt–Jakob disease (sCJD), showing hyperintensities of the basal ganglia including  
the thalamus (arrows). The patient had a history of progressive movement disorder and rapidly progressive cognitive 
decline that had started about 6 months before the scan. b | DWI in a 54-​year-​old man with the MM2 sCJD subtype, show-
ing hyperintensities in several posterior cortical regions (arrowheads). At the time of the scan, the patient displayed a 
moderate dementia syndrome and aphasia without other neurological signs. The symptoms had started about 8 months 
previously. c | MRI scans in a 67-​year-​old man with Alzheimer disease and severe cerebral amyloid angiopathy. The 
T2-​weighted image (left) shows several cortical and subcortical post-​haemorrhagic lesions, as well as bitemporal atrophy. 
The susceptibility-​weighted image (right) reveals multiple residual signs of microbleeds and macrobleeds. Before the  
scan, the patient had exhibited mild cognitive impairment for an unknown period. The symptoms progressed to a 
severe dementia syndrome within 1 year of the scan. d | MRI scans in a 53-​year-​old man with primary angiitis of the CNS. 
The DWI (left) shows cortical and subcortical hyperintensities in regions with acute and subacute ischaemia (arrow). The 
T2-​weighted image (right) shows cortical and subcortical ischaemic lesions and lacunes of differing ages. The arrow indi-
cates the same region of subacute ischaemia as indicated in the left image, and the arrowhead indicates an older lacunar 
ischaemic lesion in the left thalamus. At the time of the scan, the patient showed a mild to moderate dementia syndrome, 
gait disturbance and dysarthria. The symptoms had started about 1 year previously and worsened continuously with step-
wise accelerations. e | MRI scan in a 31-​year-​old woman with anti-​NMDA receptor encephalitis. The arrows indicate dif-
fuse fluid-​attenuated inversion recovery (FLAIR) signal hyperintensities of the hippocampal regions in both hemispheres. 
At the time of the scan, the patient was experiencing recurrent seizures, which had been preceded by a 2-​week period of 
episodic memory impairment and psychotic symptoms. f | MRI scan in a 39-​year-​old woman with Wernicke encephalo
pathy. The arrows indicate FLAIR signal hyperintensities of the medial thalamus and pulvinar nucleus in both hemispheres, 
which are similar to the ‘hockey stick’ sign in variant CJD. At the time of the scan, the patient was experiencing memory 
impairment, hallucinations, eye movement disturbance and flaccid tetraparesis. These symptoms had started 3 weeks 
previously127. Part f adapted with permission from ref.127, Cambridge University Press.
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abdominal CT is performed in unclear cases. Whole-body 
PET to search for neoplasia might also be considered.

Brain biopsy
Though rare, complications after brain biopsy may be 
serious143, and the potential presence of prion disease 
requires specific hygiene considerations because surgi-
cal instruments are a potential source of transmission144. 
Therefore, brain biopsy or even leptomeningeal biopsy 
should be considered as a last resort for the differen-
tial diagnosis of RPD. However, specific diseases such 
as CNS neoplasia or vasculitis might still require histo-
pathological or tissue biochemical data to determine or 
optimize treatment procedures.

Therapeutic options
The therapeutic options for patients with RPD are as 
diverse as the underlying aetiologies. For neurodegen-
erative diseases such as AD, established medications 
include cholinesterase inhibitors and memantine145. The 
recent FDA approval of aducanumab might constitute 
a breakthrough for the treatment of AD but remains 
controversial146. Data on the efficacy of these drugs in 
rapidly progressive neurodegenerative dementias are 
not yet available. No causal therapies are available for 
prion diseases, although immunotherapies147 or protein 
expression-​modifying therapies148 could become an 
option in the near future. For the treatment of infectious 
encephalitides, various antimicrobiotic and antiviral 
drugs, depending on the identified infectious agent, are 
well established and effective. The treatment options for 
immune-​mediated encephalitis include steroids, immu-
noglobulins or plasmapheresis as first-​line or bridging 
therapeutics, and other immunotherapeutics such as 
rituximab as maintenance therapy149. In paraneoplastic 
syndromes, identification and treatment of the under-
lying neoplasia is crucial. In the context of suspected 
encephalitis without evidence of specific antibodies 
and with or without signs of inflammation in the CSF, 
high-​dose steroid therapy might not only show beneficial 
effects but also offer potential insights for the diagnosis, 
and we suggest that this option should be considered in 

all patients with unclear RPD. However, the symptoms of 
CNS tumours may also partially respond to steroids. In 
particular, in the case of a suspected lymphoma, steroid 
therapy might lead to clinical improvement but could 
also impair the diagnostic value of a subsequent biopsy. 
Moreover, short-​term application of high-​dose steroids 
is not sufficient to achieve a sustained clinical benefit in 
most types of immune-​mediated encephalitis.

RPDs caused by inflammatory, metabolic or neo-
plastic diseases can be reversible with appropriate treat-
ment, and many aggravating factors that contribute to 
cognitive deficits, such as seizures or affective symp-
toms, might also respond to therapeutic intervention. 
Nonetheless, the clinical management might reach a 
point where a palliative therapeutic regimen has to be 
considered. In patients with an irreversible condition, 
the treatment of secondary complications and applica-
tion of life-​extending procedures such as percutaneous 
endoscopic gastrostomy tubes determine the survival 
time. These measures must be balanced with regard to 
prognosis, the patient’s wishes and legal considerations.

Conclusions
In recent years, we have seen tremendous advances 
in knowledge of the pathogenesis of various forms of 
dementias. The focus on rapidly progressive forms  
of dementia has allowed potentially treatable pathol
ogies to be identified. Early diagnosis is essential for 
the efficacy of potential therapies, because the chances 
of treatment success are better the earlier the diagno-
sis is made. The continuous improvement of imaging 
techniques, the development of biomarkers — includ-
ing blood-​based biomarkers — for the diagnosis of 
brain pathologies and the recognition of the expand-
ing spectrum of immune-​mediated disorders, together 
with refinement of diagnostic options, provide valuable 
tools to enable clinicians to achieve an early differential 
diagnosis. Using this knowledge, we need to study RPDs 
systematically to build a basis for rational diagnostic 
work-​up and treatment decisions.
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