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Abstract 

Background: The postmortem diagnostic of individuals having suffered presumptive neurodegenerative disease 
comprises exclusion of a prion disease, extensive brain sampling and histopathological evaluation, which are 
resource-intensive and time consuming. To exclude prion disease and to achieve prompt accurate preliminary 
diagnosis, we developed a fast-track procedure for the histopathological assessment of brains from patients with 
suspected neurodegenerative disease. 

Methods: Based on the screening of two brain regions (frontal cortex and cerebellum) with H&E and six immuno-
histochemical stainings in 133 brain donors, a main histopathological diagnosis was established and compared 
to the final diagnosis made after a full histopathological work-up according to our brain bank standard procedure. 

Results: In over 96 % of cases there was a concordance between the fast-track and the final main neuropatho-
logical diagnosis. A prion disease was identified in four cases without prior clinical suspicion of a prion infection. 

Conclusion: The fast-track screening approach relying on two defined, easily accessible brain regions is sufficient 
to obtain a reliable tentative main diagnosis in individuals with neurodegenerative disease and thus allows for a 
prompt feedback to the physicians. However, a more thorough histological work-up taking into account the clin-
ical history and the working diagnosis from fast-track screening is necessary for accurate staging and for assess-
ment of co-pathologies. 
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Introduction 

Dementia or cognitive impairment are com-
mon clinical diagnoses; however, they often lack 
neuropathological verification by autopsy. Com-
pared to other underlying causes of death, dementia 
lowers the chances of an autopsy to be performed 
[1]. The low autopsy rates, in turn, lead to a loss 
of expertise for diagnosing neurodegenerative 
diseases with high precision and according to well-
established standards. 

A study by Selvackadunko et al., comparing the 
antemortem clinical diagnosis and postmortem neu-
ropathological diagnosis revealed that in one third 
of cases the in-life and the neuropathological diag-
nosis differed [2]. A Swedish study found a full 
accordance of clinical and neuropathological de-
mentia diagnosis in 49 % of cases, in a further 14 % 
the clinical diagnosis corresponded with some but 
not all the diagnoses after postmortem evaluation 
[3]. In Alzheimer’s disease (AD), the commonest 
neurodegenerative disease (NDD), a study showed 
that 119 out of 533 clinically diagnosed AD cases did 
not fulfil the neuropathological criteria for definite 
AD at autopsy, with dementia with Lewy bodies 
(DLB), vascular dementia, frontotemporal lobar 
degeneration (FTLD) and hippocampal sclerosis 
being the most frequently encountered AD mimics 
[4]. In progressive supranuclear palsy (PSP), only 
78 % of clinically diagnosed cases were histologically 
confirmed as indeed being a PSP, clinically incorrect 
classified cases histologically were classified as Par-
kinson’s disease (PD), AD, multiple system atrophy 
(MSA), Pick’s disease (PiD), motor neuron disease 
(MND) and corticobasal degeneration (CBD) [5]. 
Furthermore, prion disease can be mistaken for var-
ious other clinical entities, especially in the elderly 
due to a less consistent clinical phenotype and a high 
incidence of dementia [6]. Even though new devel-
opments in tau positron emission tomography imag-
ing and cerebrospinal fluid analysis have very much 
improved the clinical diagnosis of NDDs in the last 
three years, these expensive methods are often not 
available to clinicians [7]. 

The conventional neuropathological workup 
for brains of patients with suspected neurodegener-
ative diseases is extensive, since it typically includes 
a comprehensive and detailed characterization of all 

pathologies and co-pathologies present, particularly 
in a brain bank setting. For this, the analysis of at 
least seven or eight tissue blocks from different 
brain regions is required. A report by Kovacs and 
Budka from the Vienna brain bank describes five 
immunostainings on seven brain regions as minimal 
number to assess protein deposition in NDD [8]. The 
National Institute of Ageing guidelines recommend 
the sampling of at least eight brain regions for AD, 
six for Lewy body disease (LBD) [9]. Since up to five 
immunohistological stainings per region are neces-
sary, these approaches lead to about 50 stained 
sections to be analysed under the microscope, 
which is costly and time-consuming, taking a consid-
erable time until a final report can be provided. 
In contrast, the priority for clinicians and relatives 
 is to receive information about the definite (main) 
diagnosis in a timely manner. To reduce costs and 
effort, condensed protocols for common neuro-
degenerative alterations have been deployed, 
essentially based on the protocol by Flanagan et al. 
[10]. This protocol requires sampling of 20 brain 
regions (sometimes bilateral sampling of the same 
region is needed), with four regions embedded in 
the same tissue cassette, giving a total of five paraf-
fin blocks [10]. Following a nontiered approach, all 
blocks are stained with HE and Luxol fast blue, and 
each block with an additional specific stain 
(Bielschowsky silver impregnation or immunohisto-
chemical stains for α-Synuclein, β-Amyloid or phos-
pho-Tau) [10]. Clement et al. further simplified the 
protocol by unilateral sampling of 12 brain regions 
embedded in six tissue cassettes, with better preser-
vation of neuroanatomical relationships [11]. 
Amended protocols have been published for the 
diagnosis of frontotemporal lobar degeneration 
(FTLD) and limbic-predominant age-related TDP-43 
encephalopathy neuropathological changes (LATE-
NC) [12,13]. Condensed protocols have been reliably 
applied in clinical and medicolegal autopsy settings 
[14-16]. 

Previous studies have already addressed the 
question of the utility of small-sized tissue samples 
of few selected brain regions for NDD diagnostics. 
Venetti et al. performed simulated brain biopsies on 
73 autopsy cases of various NDD and compared the 
outcome between assessments of the mid-frontal 
cortex alone or four brain regions (frontal, temporal, 
parietal cortex and basal ganglia) to the final 
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autoptic diagnoses [17]. Considering solely the 
frontal sample, the authors indicate an average sen-
sitivity of 64 % and a specificity of 43 %, and 92 % 
sensitivity and 71 % specificity for all four brain re-
gions, with the highest sensitivities found for FTLD 
with TDP-43 inclusions (FTLD-TDP, 88 %) and AD 
(80 %) and the lowest for PSP (0 %) [17]. A study by 
King et al. evaluated 62 NDD cases using 1 cm3 of 
prefrontal and middle temporal cortex and com-
pared the results with gold standard autopsy diag-
noses [18]. The sensitivity of assessing the frontal 
lobe alone was 81 % and the specificity 79 % [18]. 
These figures increased to a sensitivity of 85 % and 
a specificity of 83 % when taking both regions into 
account [18]. The diagnostic accuracy of evaluating 
frontal lobe specimens was high e.g. in AD, CBD and 
MSA (100 % of correct diagnoses) and low in PSP 
(0 %), ascribed by the authors to sparse expression 
of tau-positive PSP lesions in the neocortex [18]. 

We use the below-described protocol for 
screening not only to obtain a rather quick working 
diagnosis that allows to diagnose more than 96 % 
of NDDs but also to protect laboratory personnel 
from extensive contact with potentially prion-in-
fected tissue. 

Material and methods 

In our study we included 133 cases who under-
went neuropathological assessment as brain donors 
to the Neurobiobank Munich (NBM), located at the 
Centre for Neuropathology and Prion research, Lud-
wig-Maximilians-University (LMU), Munich, Ger-
many. The collection of tissue for the NBM was ap-
proved by the ethics committee of the medical fac-
ulty of the LMU (No. 345-13). 

After the brain had been removed, one hemi-
sphere was cryopreserved while the other hemi-
sphere was fixed for at least two weeks in 4 % buff-
ered formalin. After sufficient fixation, small tissue 
specimens (1 x 1 x 0.5 cm) from the superior frontal 
gyrus (approximately BA 8) and the cerebellum (lat-
eral cerebellar cortex) were sampled, treated with 
100 % formic acid for one hour [19], rinsed with wa-
ter, fixed in formalin for half a day and embedded 
into the same paraffin block. Tissue sections were 
cut and stained with H&E and subjected to six im-
munohistochemical stainings for prion protein 

(clone L42, targeting an epitope on the first alpha 
helix [20], 1 : 50 - 1 : 100, pre-treatment with pro-
teinase K, own), α-Synuclein (clone 42, 1 : 2000, BD 
Transduction Laboratories); β-Amyloid (clone 4G8, 
1 : 2000, Covance); phospho-Tau (clone AT8, 1 : 200, 
ThermoFisher Scientific); phospho-TDP-43 (clone 
1D3, 1 : 50, own); p62 (clone 3/P62 lck ligand, 
1 : 100, BD Transduction Laboratories)). Stainings 
were performed using an automatic staining system 
(Roche, Ventana BenchMark Ultra). If required 
and in accordance with the respective clinical 
diagnosis, various other immunostainings (e.g. FUS, 
3-repeat tau) or silver impregnation techniques 
(Bielschowsky, Gallyas) were occasionally per-
formed. A schematic overview of the work-up is pre-
sented in figure 1. Firstly, we assessed the H&E stain 
for the presence of general neurodegenerative fea-
tures (atrophy, neuronal loss, spongiosis, gliosis) and 
various other pathological alterations such as tissue 
ischemia/hypoxia, haemorrhage, inflammation or 
neoplasms as well as vascular pathologies. Further-
more, disease specific alterations e.g. senile plaques 
in AD or ballooned neurons in CBD were examined 
on an H&E stain [21,22]. 

 

Figure 1: Process flow of fast-track screening histology 
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For further neuropathological diagnosis, we 
evaluated the presence of the following morpholog-
ical features by immunohistochemistry. Prion pro-
tein immunoreactive structures in a synaptic, vacu-
olar, laminar cortical or coarse pattern, plaque-like 
focal deposits or amyloid-kuru plaques were 
searched to diagnose prion disease [23]. 4G8-posi-
tive Amyloid β (Aβ) plaques, tau-immunoreactive 
neurofibrillary tangles (NFT), neuropil threads (NT) 
and neuritic plaques (NP) were used for the fast-
track diagnosis of higher stages of AD associated pa-
thology [9,24]. The diagnosis of PSP was made when 
NT, NFT, neuronal cytoplasmic inclusions (NCI), 
tufted astrocytes (TA) and oligodendroglial coiled 
bodies (CB) were visible [25-27]. NCI, NT, CB and 
most notably astrocytic plaques (AP) were highly 
suggestive for CBD [27,28]. Pick bodies (PiB) were 
the characteristic hallmark of PiD [29]. Intraneuronal 
α-Synuclein positive Lewy bodies (LB), extracellular 
Lewy body-like inclusions, Lewy neurites (LN) and 
grain-like cytoplasmic inclusions are present in LBD 
[30]. Given the overlapping and, if at all, not readily 
distinguishable neuropathological features of PD, 
DLB and Parkinson’s disease dementia [31,32], we 
summarized these three entities under the umbrella 
term LBD. MSA is characterised by α-Synuclein im-
munoreactive glial cytoplasmic inclusions (GCI) [33]. 
Phospho-TDP-43 positive neuronal and glial intra-
cytoplasmic inclusions as well as dystrophic neurites 
can be found in FTLD-TDP [34]. For FTLD cases with-
out Tau- or TDP-43-positive inclusions, immuno-
staining for the ubiquitin binding protein p62 detect-
ing cytoplasmic glial/neuronal inclusions, neuronal 
nuclear inclusions, threads provides a valuable tool 
prompting further immunohistochemical character-
isation [34,35]. Representative micrographs of char-
acteristic histomorphological findings and protein 
deposits are shown in figure 2. A decision diagram 
showing a representative guide to make a screening 
diagnosis according to characteristic histological 
findings is shown in figure 3. 

A limited neuropathological disease staging 
was also performed. A Thal-Score for Aβ deposits 
was assigned to a stage of either (at least) 1 
(frontal beta amyloid plaques) or 5 (additional Aβ 
plaques detected in the cerebellum) [36]. The pres-
ence of frontal tau-immunoreactive neurofibrillary 

pathology allowed for assigning a Braak and Braak 
stage of at least IV [37]. Recognition and staging of 
additional CAA according to Thal et al. [38] is limited 
to stages 1 (if frontal pathology is present) or (at 
least) 2 (with cerebellar amyloid angiopathy). 
Frontal α-Synuclein inclusions lead to designation of 
a Braak stage of 6 [39]. 

A full histological work-up according to a stand-
ardized, well-established NBM protocol was per-
formed on formalin-fixed hemispheres after com-
plete fixation, taking both the working diagnosis ob-
tained by screening histology and the deceased's 
medical history into account for a more targeted 
evaluation. The final neuropathological diagnoses 
were made in accordance with established guide-
lines for the histological diagnosis of NDD 
[9,24,25,30,33,40-42]. 

Point estimates and 95 % confidence intervals 
(CI) for sensitivity and specificity comparing fast-
track to final diagnoses were calculated for each dis-
ease group using GraphPad Prism version 9.4.1, 
GraphPad Software, San Diego, California, USA. Sta-
tistical significance was set at the 0.05 level (Fisher’s 
exact test). Kappa coefficients for inter-rater varia-
bility between fast-track and final diagnoses 
were calculated with a GraphPad online tool 
(https://www.graphpad.com/quickcalcs/kappa1/). 
According to the Kappa values the agreement was 
considered as poor (kappa = 0), slight (0 - 0.2), fair 
(0.21 - 0.4), moderate (0.41 - 0.6) substantial (0.61 -
 0.8) or almost perfect (0.81 - 1.0) [43]. 

Results 

Fast-track histology was analysed in 133 cases 
(58 females, 75 males, median age at death: 71.1 
years; age range: 38.7 - 95.1 years) which were en-
rolled in a brain donation program for brain banking 
and thus underwent brain autopsy at NBM between 
March 2015 and December 2020. From 156 cases in-
itially selected, we excluded 15 cases because of sus-
pected motor neuron disease (MND)/amyotrophic 
lateral sclerosis (since spinal samples were not as-
sessed on screening histology), three cases with clin-
ical restless legs syndrome, one case with suspected 
Fahr’s disease and four cases with Huntington’s dis-
ease already genetically confirmed during lifetime.
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Figure 2: Representative micrographs of characteristic histological findings. A1: Eosinophilic plaque in AD. A2: Strongly stained neuropil 
(AT8) with numerous intraneuronal inclusions AD. A3: AT8-positive neuronal inclusion (star), neuropil thread (arrowhead) and a neuritic 
plaque (arrow) in AD. A4: Cored (arrows) and diffuse Aβ-plaques in AD. A5: Parenchymal and leptomeningeal amyloid deposits in vessel 
walls (cerebral amyloid angiopathy, arrows) in an AD patient. A6: Signs of aging-related tau astrogliopathy with perivascular accentuation 
(inset with higher magnification) as common co-pathology in AD. B1, B2, B3: PSP with less pronounced positivity of the neuropil, frequent 
TA (arrows), NFT (arrowhead) and oligodendroglial CB (stars). C1: Ballooned neuron in CBD. C2, C3: Overview of a CBD case showing 
moderate NT, neuronal inclusions and AP (C3). Hallmarks of PiD include a ballooned neuron (D1), AT8-positive Pick bodies (D2, arrow-
heads) as well as a ramified astrocyte (D3). E1, E2: Lewy bodies in LDB (arrowhead, stars; rarely visible in HE-stain). F: numerous cerebellar 
GCI in MSA. G1, G2, G3: Various pTDP-43-positive dystrophic neurites (G1), compact neuronal (G2) and neuronal cat-eye shaped (G3) 
inclusions in FTLD-TDP. G4: TDP-43-negative, p62-positive globular inclusion in FTLD-FUS (arrowhead). G5: Typical star-shaped p62-posi-
tive inclusion in FTLD-TDP with C9orf72 mutation. H: Deposits of prion protein in Creutzfeldt-Jakob disease. Images show stainings with 
HE and with antibodies against β-Amyloid (Aβ), phospho-tau (AT8), α-Synuclein (αSyn), phospho-TDP43 (pTDP), p62 and prion protein 
(PrP). Scale bars: C1, D1, D3, G5: 5 μm; A1, E1, G1, G4: 10 μm; A3, A4 A6 (inset), B2, B3, C3, D2, E2, G2, G3: 20 μm; A2, A5, B1, C2, F, H: 
50 μm; A6: 200 μm. 
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Figure 3: Decision diagram guiding the investigator to establish a screening diagnosis based on characteristic histological findings. PrP: 
prion protein, AT8: phospho-Tau, NFT: neurofibrillary tangles, NCI: neuronal cytoplasmic inclusions, TA: tufted astrocytes, CB: coiled bod-
ies, AP: astrocytic plaques, PiB: Pick bodies, NP: neuritic plaques, NT: neuropil threads, Aβ: β-Amyloid, αSyn: α-Synuclein, LB: Lewy bodies, 
LN: Lewy neurites, GCI: glial cytoplasmic inclusions, PSP: progressive supranuclear palsy, CBD: corticobasal degeneration, PiD: Pick’s dis-
ease, AD: Alzheimer’s disease, LBD: Lewy body disease, MSA: multiple system atrophy, FTLD: frontotemporal lobar degeneration 

The main histological NDD diagnoses without 
consideration of additional pathology besides 
LBD pathology in AD shown in table 1 were: PSP 
(n = 26, 19.5 %), AD without LBD pathology (n = 24, 
18.05 %), LBD (n = 22, 16.5 %), AD with LBD (n = 13, 
9.77 %), CBD (n = 14, 10.5 %), MSA (n = 14, 10.5 %) 
non-tau FTLD (FTLD-TDP, FTLD-FUS; n = 9, 6.7 %), 
prion disease (n = 4, 3 %), PiD (n = 3, 2.3 %). In four 
cases (3 %), no diagnosis could be made using fast-
track histology and additional histological work-up 
was hence required for neuropathological diagnosis. 
Those cases were later classified as PSP (two cases), 
FTLD non-tau and LBD (one case each). In 80 cases 
(60.2 %), the suspected clinical diagnosis could be 
confirmed by fast-track histology, whereas in 49 
(39.8 %) the clinical diagnosis was either ambiguous 
or different from the histopathological diagnosis. 
When comparing the initial fast-track diagnosis to 
the diagnosis made after subsequent conventional 
pathological work-up of the brain, it became evident 
that in 128 cases (96.2 %) the NDD entity deter-
mined by fast-track diagnosis was correct and only 
co-pathologies or correct disease staging needed to 
be determined. The fast-track diagnosis needed 
revision in only one case of an unusual tauopathy 
initially classified as PSP (3 %). In four cases, the 
analysis of additional brain regions after fast-track 

histology was required to reach a conclusive histo-
pathological diagnosis, as mentioned above. There 
was a high sensitivity for the diagnosis, considering 
only the main pathology without additional pathol-
ogy, for AD, Braak and Braak stage 5 or 6 (1.0, CI = 
0.9059 - 1.00, p < 0.0001), CBD (1.0, CI = 0.7847 -  
1.00, p < 0.0001), LBD (1.0, CI = 0.8513 - 1.00, p <  
0.0001), PiD (1.0, CI = 0.4385 - 1.00, p < 0.0001), 
MSA (1.0, CI = 0.7847 - 1.00, p < 0.0001) and FTLD 
non-tau (1.0, CI = 0.7009 - 1.00, p < 0.0001). The 
sensitivity for the diagnosis of PSP was 0.96 
(CI = 0.8046 - 0.9979, p < 0.0001). The respective 
specificity was for AD 1.0 (CI = 0.9615 - 0, p <  
0.0001), for CBD 1.0 (CI = 0.9687 - 1.0, p < 0.0001), 
for LBD 0.9910 (CI = 0.9507 - 0.9995, p < 0.0001), for 
PiD 1.0 (CI = 0.9713 - 1.0, p < 0.0001), for MSA 1.0 
(CI = 0.9687 - 1.0, p < 0.0001), for FTLD non-tau 
0.9919 (CI = 0.9557 - 0.9996, p < 0.0001) and for PSP 
0.9815 (CI = 0.9350 - 0.9967, p < 0.0001). 

The Kappa coefficient for inter-rater variability 
comparing fast-track and final histology was as fol-
lows: AD 1.0 (CI = 1.0 - 1.0), CBD 1.0 (CI = 1.0 - 1.0), 
PiD 1.0 (CI = 1.0 - 1.0), MSA 1.0 (CI = 1.0 - 1.0), FTLD 
non-tau 0.943 (CI = 0.833 - 1.0), LBD 0.973 (CI =  
 0.921 - 1.0), PSP 0.927 (CI = 0.846 - 1.0). 
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Leading diagnosis on 
screening histology 

Confirmation by 
full histology 

AD without LBD (n = 24) 91.67 %* 

AD with LBD (n = 13) 100 % 

PSP (n = 26) 96.15 % 

CBD (n = 14) 100 % 

PiD (n = 3) 100 % 

Non-tau FTLD (n = 9) 100 % 

LBD (n = 22) 100 % 

MSA (n = 14) 100 % 

Prion disease (n = 4) 100 % 

no diagnosis possible (n = 4) - 

Table 1: Histopathological diagnoses obtained by fast-track 
screening histology and their confirmation by final histology in 
percentage of cases. The diagnoses are arranged according to 
the predominant protein deposit: AD without (green) and with 
(light brown) LBD, primary tauopathies (blue), TDP-43 or other 
proteins in non-tau FTLD (purple), synucleinopathies (red), prion 
disease (black). * AD was confirmed in all 24 cases, however, 
two showed additional LBD pathology (one olfactory bulb only, 
one LBD Braak stage 5) and were thus classified as AD with LBD 
cases. 

Among the cases referred to our brain bank 
with various clinical diagnoses such as atypical 
parkinsonian disorder, movement disorder of un-
known aetiology or behavioural variant frontotem-
poral dementia (bv-FTD), four cases (3 %) showed 
positive staining for prion protein. 

Among neuropathologically classified non-tau 
FTLD cases (nine on fast-track, ten in total), one had 
the clinical diagnosis of CBD, one of LBD, one of PiD 
and of unclassified dementia with oral facial dysto-
nia. The remaining cases were clinically classified as 
frontotemporal dementia (four cases), suspected 
bv-FTD or PSP (one case) and primary progressive 
aphasia (one case). The case with clinically sus-
pected LBD showed a peculiar immunostaining with 
TDP-43 negative Sequestome-1 (p62) positive inclu-
sions typical for C9ORF72 hexanucleotide expan-
sion-related FTLD cases [44]), which prompted us 

to further assessment and final classification as 
FTLD-TDP. 

Additional cerebral amyloid angiopathy (CAA) 
occurred in 50 cases (37.6 %). We detected CAA on 
screening histology already in 46 cases (92 %). We 
found LBD co-pathology in 15 out of 37 AD cases 
(40.5 %) among which 13 cases where LBD co-pa-
thology had already been seen on fast-track histol-
ogy. Another frequent finding (12 / 37 cases, 32.4 % 
in our study) in AD is TDP-43 pathology, which was 
only identified after complete histopathological 
work-up in seven cases. 

Final histology revealed the presence of AD-as-
sociated alterations (Aβ plaques and / or AD-type 
tau deposits) in 15 / 23 LBD cases (65.2 %), 3/14 CBD 
cases (21.4 %), 4 / 10 non-tau FTLD cases (40 %), 
9 / 14 MSA cases (64.3 %), 7 / 27 PSP cases (25.9 %). 

We detected signs of aging-related tau astrogli-
opathy (ARTAG) in seven LBD, three AD, three PSP, 
two FTLD non-tau and one CBD case. We reported 
ARTAG in five cases (3.8 %) on screening histology. 
Two AD, two CBD, eight LBD, one non-tau FTLD and 
one MSA case showed signs of argyrophilic grain 
disease (AGD) on final histology. 

Additional LBD pathology was present in one 
PSP and 15 AD cases upon examination of one 
hemisphere. Except for two cases (one with LBD 
Braak stage 5 and one with sole olfactory bulb 
pathology), all cases showed a Braak LBD stage 6 
and could therefore be identified already on 
screening histology. 

Discussion 

In our study we demonstrated that a reliable, 
preliminary main diagnosis in patients with a sus-
pected neurodegenerative disease can be achieved 
in over 96 % of the cases within a few days using 
histological and immunohistochemical screening of 
two selected, easily accessible brain regions 
(superior frontal gyrus and cerebellum) embedded 
into one paraffin block. Considering the rapid work-
flow, a prompt response from the neuropathologist 
to the clinician might improve the accuracy of 
clinical diagnosis in other patients. Furthermore, 

https://doi.org/10.17879/freeneuropathology-2024-5643


Free Neuropathology 5:16 (2024) Englert et al 
doi: https://doi.org/10.17879/freeneuropathology-2024-5643 page 8 of 11 
 
 

 

performing a screening approach might also be fea-
sible in places with limited resources and could also 
be performed by general or forensic pathologists, 
perhaps with the aid of online consultation using 
digitalized micrographs. The fast-track diagnosis 
may also have consequences for relatives and lead 
to 
genetic counselling. 

However, our approach cannot supersede a 
thorough macro- and microscopic examination with 
sampling of various other brain regions, given the 
multitude of possible proteinopathic and vascular 
co-pathologies, potential extraordinarily rare NDD 
and alterations relevant for disease staging. By way 
of example, our approach neither allows for classifi-
cation into brainstem-predominant, limbic or dif-
fuse neocortical LB pathology according to the 
consensus report nor for determination of olfactory 
bulb only or amygdala predominant pathology 
[40,45,46]. Due to the heterogeneous spatial distri-
bution pattern of subpial, subependymal, perivascu-
lar, white matter and gray matter ARTAG [47], it is 
possible that ARTAG pathology will be missed or not 
fully assessed by screening histology. Given the 
anatomical distribution of argyrophilic grain disease 
(AGD), often limited to the limbic system [48], 
assessment of this disease occurring frequently with 
concomitant NDD is limited with our method. This 
also holds true for the diagnosis of primary age- 
related tauopathy (PART) and LATE-NC which usu-
ally affects the middle frontal gyrus in later stages 
[49,50]. Furthermore, staging TDP-43 co-pathology 
in AD according to Josephs et al. [51] is not possible 
in our rapid screening approach. 

Independent from its diagnostic benefit, our 
procedure enhances laboratory safety by detecting 
unexpected prion protein aggregates before a 
complete work-up of the brain, as seen in four cases 
analysed. Since up-to-date cerebrospinal fluid based 
real-time quaking-induced conversion (RT-QuIC) has 
high sensitivity (> 90 %) and specificity (up to 100 %) 
for the detection of prion disease [52-55], an 
intravitam diagnosis in patients with suspected 
prion disease is possible. Yet, RT-QuIC might give 
false negative results as documented for instance in 
sporadic CJD cases at younger age or cases with VV1 
or MM2 molecular subtype [52,56]. Patients with 
negative RT-QuIC are also more likely to present 

with motor symptoms or gait difficulties at initial 
presentation [56]. Additionally, implementing RT-
QuIC assays is difficult and therefore often only a 
limited number of laboratories offer it [57]. Of note, 
absence of prion protein immunoreactivity in the 
fontal cortex and cerebellum does not entirely rule 
out the possibility of a prion disease since thalamic 
forms of Creutzfeldt-Jakob disease or fatal familial 
insomnia might not exhibit pathological prion pro-
tein aggregates in the frontal cortex or cerebellum 
[23,58]. Finally, in a different brain bank cohort, the 
use of two brain regions (frontal cortex and cerebel-
lum) has been considered sufficient for the surveil-
lance of prion disease [59]. 

The diagnostic accuracy of fast-track histology 
might even be higher by including temporomesial 
structures (hippocampus, amygdala) or thalamus 
(e.g. for the detection of rare prion disease variants). 
Diagnosing PART, as defined by tau NFT pathology 
with a Braak and Braak stage < IV and Thal plaque 
phases 0 - 2 [49], would require sampling of hippo-
campal structures including entorhinal and transen-
torhinal cortices as well as adjacent temporal neo-
cortex. In particular, fast-track histology might 
enhance the recognition of common co-pathologies, 
such as AGD, ARTAG or LATE-NC which typically or 
often initiate in the limbic structures of the medial 
temporal lobe [47,48,50]. In our study however, 
handling and cutting of the brain was 
limited to a minimum for the sake of safety in 
respect to prion transmission and hence focused 
only on two easily accessible brain regions. Further-
more, our study was performed in a brain bank 
setting and all cases hence underwent a thorough 
neuropathological evaluation after screening histol-
ogy, covering the aforementioned disease entities 
as well. 

Compared to the study by Venneti et al. [17] 
which assessed mid-frontal cortex (and additional 
cortical regions as well as basal ganglia) we achieved 
a higher diagnostic sensitivity. Remarkably that 
study [17] showed 0 % sensitivity for the diagnosis 
of PSP by applying only a frontal lobe specimen, 
whereas we reached a sensitivity of 96 %. In the 
study by King et al. [18], the sensitivity for the diag-
nosis of AD, CBD and MSA was 100 % for frontal 
specimens and frontal/temporal specimens com-
bined, which is as high as in our study. However, we 
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reached a higher sensitivity for the diagnosis of PSP 
(96 % vs. 0 %), LBD (100 % vs. 60 %) and FTLD non-
tau (100 % vs. 83 % (combined) respectively 67 % 
(fontal sample alone). The authors of both previous 
studies [17,18] mention the sparse occurrence of 
frontal tau pathology in PSP and thus diagnostic 
difficulties. On the contrary, we found frontal tufted 
astrocytes in all cases and frontal coiled bodies in all 
but one case classified as PSP on screening histology. 
Since neuronal, astrocytic and oligodendroglial tau 
accumulation in the frontal cortex precedes pathol-
ogy in other neocortical areas [60], we consider 
assessment of the superior frontal gyrus as useful 
for an orientating diagnosis of PSP. In a proposed 
stepwise distribution model of PSP, frontal tau can 
already be detected at stage 3, temporally just after 
anatomically less easily accessible regions of the 
subthalamic nucleus and basal ganglia [60]. 

Of note, we assessed brain tissue of partici-
pants in the frame of a brain bank program, essen-
tially recruiting patients with a known history of a 
NDD and therefore often presenting with advanced 
disease and widespread pathology. This might for 
instance account for the high number of LBD cases 
showing frontal pathology. 

Conclusion 

We here developed a diagnostic algorithm 
based on the histomorphological assessment of two 
easily accessible brain regions to obtain a working 
diagnosis for the commonest NDD. Our diagnostic 
algorithm is highly reliable with an over 96 % con-
cordance between the screening and final neuropa-
thological diagnoses. In addition, it enhances the 

safety of laboratory personnel by excluding prion 
diseases before exhaustive manipulation of the 
brain. Furthermore, our diagnostic algorithm allows 
for a prompt feedback to the treating physicians. In 
conjunction with the clinical history, our screening 
diagnosis might foster a targeted evaluation of the 
fixed brain tissue. Finally, the approach presented 
here might be feasible in future biopsy diagnostics 
of NDD and thereby enhance the diagnostic rapidity 
of postmortem NDD diagnostics. Some caution is 
however warranted since our approach does not 
appreciate the manifold co-pathologies that may be 
present in NDD and since it has limited value for 
disease staging. Therefore, subsequent thorough 
analysis of various brain specimens is still required, 
especially in a brain bank setting. 
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