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Abstract
Background—Argyrophilic grains (AG) are silver-positive spindle shaped lesions found at
postmortem. Their significance is controversial.

Objective—To determine clinical correlates of AG and MRI signature patterns of atrophy that could
allow premortem recognition of this pathology.

Methods—Cases with AG were identified from a longitudinal study of aging and dementia. Clinical
features were compared between subjects with and without dementia. Voxel-based morphometry
(VBM) was used to assess patterns of grey matter atrophy in subjects compared to controls. Whole
brain volumes (WBV) were compared across groups.

Results—Twenty-two cases (14 females; median age at death of 90 years; range: 70–101) with AG
were identified. Eight of the 22 were demented. Those with dementia had higher median Braak
(p=0.02) and lower MMSE (p=0.002). VBM demonstrated hippocampal atrophy in those with
dementia (N=3) but no atrophy in those without (N=9). There was no difference in WBV between
groups.

Conclusion—AG is a feature of old age commonly occurring in non-demented subjects. In this
age group, the presence of AG may reduce the threshold for dementia.

Keywords
Voxel based morphometry; total intracranial volume; argyrophilic; MRI; volume loss; Alzheimer’s
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INTRODUCTION
Pathologically, argyrophilic grains (AG) are characterized by the finding of spindle-shaped
lesions in neuronal processes, and coiled bodies in oligodendrocytes in the neuropil of the
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hippocampus, entorhinal cortex and other limbic areas[5,6]. The significance of finding AG
during a postmortem evaluation is controversial. Since the original description of AG almost
two decades ago[5], only a few series have described clinical features that may correlate with
the presence of this pathology [3,17,20,26,35,36]. Some of these reports have suggested that
the presence of AG correlates with dementia characterized by behavioral disturbances
including agitation and violence, personality changes, and later by forgetfulness.

Controversy arises because of two main reasons. First, although AG have been found in
subjects with cognitive impairment and dementia, large clinicopathological studies have found
AG in subjects without any cognitive impairment[26,36]. Secondly, AG is rarely the sole
pathological finding in cognitively impaired subjects, and is most commonly found to co-exist
with other pathologies [4,6,20,26,34], especially neurofibrillary tangles (NFT)[19], one of the
hallmark lesions of Alzheimer’s disease. Currently there are no prospective studies that have
assessed clinicopathological and MRI correlates of AG.

The primary aims of this study were therefore to determine what clinical features correspond
to the presence of AG, and to determine if there is an MRI signature pattern of volume loss
that would allow premortem recognition of this pathology. Given prior evidence that AG is
found in cognitively normal, as well as demented individuals, we also set out to compare
demographic and imaging features between cases with AG, with and without dementia.

METHODS
Subjects and Recruitment

In order to best address the aims of this study we needed to attend to two important concerns.
First, all subjects would have to have been clinically well characterized, and second, only
subjects without any additional pathology that could account for cognitive impairment, would
be included in the study. Based on these two concerns we developed our inclusion and exclusion
criteria:

Inclusion Criteria—All subjects must have been enrolled in our Alzheimer’s Disease
Research Center (ADRC) or Alzheimer’s Diseases Patient Registry (ADPR), Mayo Clinic,
Rochester, MN. Both the ADRC and ADPR are longitudinal studies with well characterized
clinical histories, serial yearly head MRI scans, and pathological material. All subjects must
have had autopsy examination by at least one of our neuropathologists with expertise in
degenerative neuropathology (JEP or DWD) and confirmation of the presence of AG. In order
to be included in the imaging component of this study all subjects must have had one volumetric
head MRI scan.

Exclusion Criteria—We excluded any subject in which in addition to the presence of AG,
there was another pathology that could have account for, or is associated with cognitive
impairment. Therefore, we excluded any case in which there was pathological features of high
probability for Alzheimer’s disease as defined by the NIA Reagan criteria [16], hippocampal
sclerosis [10], frontotemporal lobar degeneration [28], progressive supranuclear palsy [14],
corticobasal degeneration[9], or Lewy body disease[27]. In addition, we excluded any case
that did not meet NIA Reagan criteria for Alzheimer’s disease[16], but had a Braak Stage of
V, or VI [7] (e.g. tangle dominant cases). We also excluded any subject in which the historical
records were incomplete. For the imaging component of this study we excluded any subject in
which the volumetric MRI was of poor quality which could have affected the analysis
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Pathological analysis
All subjects underwent a standard battery of routine, silver and immunohistochemical analysis
as have been previously described in detail[24].Tau immunohistochemistry was completed
with antibodies that recognize hyperphosphorylated tau (AT8, 1/1000 dilution: Endogen,
Woburn, MA). All subjects were diagnosed as having AG if on histological sections there was
the finding of silver and tau-positive spindle-shaped lesions in transentorhinal and entorhinal
cortex, amygdala or temporal allocortex (Figure 1).[19] The density of NFT was also assessed
and all subjects were given a Braak stage according to published criteria[7]. The presence of
diffuse and neuritic plaque density was also document according to both Khachaturian [23]
and CERAD criteria[29]. Khachaturian criteria was determined with modified Bielschowsky,
while CERAD criteria was determined with tau immunohistochemistry as previously reported.
[25]

We also identified a control group for the MRI analysis only, which consisted of a
pathologically defined cohort of individuals without pathological finding of AG, or any
neurodegenerative or vascular disease who had been followed longitudinally in our ADRC or
ADPR and had one volumetric head MRI scan.

Imaging Analysis
Patterns of regional grey matter atrophy in the groups of subjects with AG were compared with
the normal control group using voxel-based morphometry (VBM). T1-weighted volumetric
MRI scans were acquired at 1.5T (TE = minimum full 5ms, TR = 23ms, 22×16.5cm FOV, 25°
flip angle, 124 contiguous 1.6mm thick coronal slices). An optimized method of VBM was
applied [1,32], implemented using SPM2 (http://www.fil.ion.ucl.ac.uk/spm). In order to reduce
any potential normalization bias across the disease groups’ customized templates and prior
probability maps were created from all subjects in the study. To create the customized template
and priors all images were registered to the Montreal Neurological Institute (MNI) template
using a 12 degrees of freedom (dof) affine transformation and segmented into grey matter
(GM), white matter (WM) and CSF using MNI priors. GM images were normalized to the
MNI GM prior using a nonlinear discrete cosine transformation (DCT). The normalization
parameters were applied to the original whole head and the images were segmented using the
MNI priors. Average images were created of whole head, GM, WM and CSF, and smoothed
using 8mm full-width at half-maximum (FWHM) smoothing kernel. All images were then
registered to the customized whole brain template using a 12dof affine transformation and
segmented using the customized priors. The GM images were normalized to the custom GM
prior using a nonlinear DCT. The normalization parameters were then applied to the original
whole head and the images were segmented once again using the customized priors. All images
were modulated and smoothed with an 8mm FWHM smoothing kernel. Two-sided t-tests were
used to analyze the smoothed modulated images from the AG groups with and without
dementia compared to controls and to each other.

In addition, whole brain volume and total intracranial volume (TIV) were estimated from the
raw T1 weighted MRI using MIDAS image analysis software as previously described[13,38].
Whole-brain volumes were normalized to TIV and the median normalized volumes in the AG
group and control group were compared.

Statistical analysis
Statistical analyses were performed utilizing the JMP computer software (JMP Software,
version 5.1.2; SAS Institute Inc, Cary, NC) with statistical significance set at p < 0.05. Mann-
Whitney-U test was used to compare the ages of death, ages of scan, Braak stages, and TIV-
corrected whole brain volumes in subjects with and without dementia and in subjects versus
controls. A comparison of gender ratios and whether or not a subject met CERAD or
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Khachaturian criteria and Braak stages between cases of AG with and without dementia were
analyzed using a Chi-squared test. Fisher’s Exact test was used for cells with small numbers.
The Spearman Rank test was used to correlate Mini-Mental State Examination (MMSE) scores
and Braak scores. A linear regression model was used to determine if Braak scores predicted
MMSE scores. The Hochberg method was used to adjust for multiple comparisons by grouping
the analysis into clinical comparisons, NFT pathology comparisons, and plaque pathology
comparisons. [15]

RESULTS
From a review of 359 cases of autopsy confirmed subjects from our ADRC and ADPR we
identified 57 cases (16%) with AG. Thirty five of these were excluded from subsequent analysis
because of the presence of at least one additional pathology, leaving 22 cases with AG and a
Braak stage of IV or less,[7] for analysis (Table 1).

Features of all AG subjects
Of the 22 subjects with AG, 64% were female and the median age at death was 90 years old.
Only eight subjects (36%) of all 22 cases with AG had been given a diagnosis of dementia by
a behavioral neurologist prior to death (Table 2). Of the 64% without a diagnosis of dementia,
the majority were recruited into the ADRC or ADPR as a normal control and remained
cognitively normal. There was however a subset of the non-demented subjects (less than a
third) in which cognitive impairment was considered, however was always mild, and in most
cases non-progressive. None of these cases were ever diagnosed as demented.

All of the 22 subjects had a Braak score of IV or less,[7] which was by design. None of the
subjects met CERAD criteria-C for Alzheimer’s disease[29], that is, histological evidence of
neuritic plaques density indicating a diagnosis of Alzheimer’s disease, and only two subjects
met CERAD criteria-B[29], that is, evidence suggesting a diagnosis of Alzheimer’s disease.
These two subjects had a clinical diagnosis of dementia. The remaining subjects met CERAD
criteria 0 (N=9; no evidence of Alzheimer’s disease) or CERAD criteria-A (N=11; findings
uncertain). Fifty nine percent of the subjects had diffuse plaques and did meet Khachaturian
criteria for Alzheimer’s disease.[23]

Features of the subjects with dementia
Of the 22 subjects with AG, eight had been given a dementia diagnosis prior to death (Table
2). All eight subjects met DSM IV criteria[2] for dementia as all had memory loss, impairment
in at least one other cognitive domain and impairment of their activities of daily living
secondary to their cognitive dysfunction. The median age at onset of the dementia was 87 years
old with disease duration of approximately five years. The most common presenting symptom
was forgetfulness in six of the eight subjects. One subject presented with predominant
behavioral changes and some memory loss, while the eighth subject presented with memory
loss, paranoia and visual hallucinations. The median MMSE[12] score prior to death for the
subjects with dementia was 20.5/30 (range: 5–28/30).

A comparison between the demented cases with AG and the non-demented cases with AG is
shown in Table 3. There was no difference in gender, or age at death, however the MMSE was
significantly lower in the subjects with dementia at the last examination prior to death
(P=0.002). There was no difference between the time from MMSE to death, between the two
groups (P=0.3). The median Braak score[7] was higher in those with dementia (p=0.02)
compared to those without dementia. The MMSE scores correlated with the Braak scores (r =
−0.36; P=0.03) and predicted the Braak scores in a linear regression model (p=0.03).
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Imaging findings
Volumetric MRI was available in 12 subjects with AG and seven subjects without AG who
met our inclusion and exclusion criteria and had adequate volumetric MRI. There was no
difference between these groups in terms of gender (AG = 8F:4M, controls = 7F:1M), median
Braak score[7] (AG =3, controls =3), or age at scan, although there was a trend for a younger
median age at scan in the AG group (AG = 85 (range 71–91), controls = 89 (73–96)). Of the
12 subjects with AG that had a volumetric MRI scan, only three (2F:1M) had been given a
dementia diagnosis prior to death. The median age at scan in these three subjects was 84 (81–
91). The AG subjects with dementia had a significantly higher Braak score than the AG subjects
without dementia (4 vs. 2, p=0.02).

The VBM comparison of all 12 subjects with AG compared to the seven controls without AG
showed no regions of significant grey matter volume loss in the AG subjects at a threshold of
p<0.001 (uncorrected for multiple comparisons). Similarly, in the reverse comparison no
regions showed greater volume loss in the control group than the AG group (p<0.001,
uncorrected).

The three AG subjects that had been given a dementia diagnosis prior to death were also
compared to the control group. In this comparison, regions of grey matter volume loss were
identified bilaterally in the anterior hippocampus/amygdala complex and inferior temporal
lobes (p<0.005, uncorrected, Figure 2). Volume loss in the right hippocampus remained at a
more stringent threshold of p<0.001. A comparison of the remaining nine AG subjects without
dementia to controls showed only a few tiny scattered regions of loss p<0.005 (Figure 2) which
completely disappeared at a threshold of p<0.001. A direct comparison between the subjects
with AG with and without dementia again confirmed greater hippocampal/amygdala volume
loss in the demented subjects (p<0.001, uncorrected). No regions showed greater loss in the
subjects without dementia compared to those with dementia (p<0.001, uncorrected). No
regions in any of the above comparisons survived a correction for multiple comparisons over
the whole brain volume (p<0.05).

There was no significant difference in TIV-corrected whole brain volumes between the 12
subjects with AG and the seven controls. In addition, there was no significant difference in
corrected whole brain volume between the AG subjects with and without dementia.

DISCUSSION
In this study of prospectively collected clinical data, the majority of subjects with AG did not
have a dementia. We also found hippocampal atrophy in the three demented subjects, a feature
that was absent in the group without dementia.

Argyrophilic grains were found in demented and non-demented subjects similar to reports by
other groups.[26,36] The dementia versus non-dementia diagnoses were supported by the
significant difference in MMSE scores across the two groups. Presenting features of those with
dementia always included a complaint of forgetfulness, which was most commonly, the only
initial complaint. In two subjects there were additional complaints, in one behavioral dyscontrol
and in the other paranoia and hallucinations. These findings differ from what has been typically
reported in other clinicopathological series of AG. While Parkinson’s disease has been reported
as the premortem diagnosis in two subjects with AG[36], the features reported by Ikeda and
colleagues[17] are most often associated with the presence of AG. These include emotional
and personality changes with aggression and ill temper. It should be noted however, although
not frequently cited, that memory disturbance was found in all four of the subjects in that series.
Therefore, based on this study and another[35] memory loss seems to be the most common
presentation in subjects with AG, similar to Alzheimer’s disease.
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The presence of AG mostly in non-demented subjects has also been reported by others,[26,
36] however there is a difference in opinion in the interpretation. Some have interpreted this
as AG being a disease, and have argued that the findings of AG in non-demented subjects
suggest a preclinical stage of so-called ‘argyrophilic grain disease’. One study found an
increased density of AG in the posterior CA1 subfield of the hippocampus in demented subjects
compared to non-demented subjects[36] while another study found that demented subjects had
more atrophy of the ambient gyrus of the antero-medial temporal lobe compared to non-
demented subjects.[30] This latter study subsequently resulted in a proposed staging scheme
for AG. [31] Both these authors have argued for the concept of argyrophilic grain disease
independently contributing to dementia. Others have argued against this concept.[26]

Even with our very stringent criteria to obtain the most ‘pure’ cases of AG, we still found more
Alzheimer’s-type pathology in those with dementia. In fact the Braak scores correlated with
the MMSE. Furthermore, we demonstrated that the hippocampus was atrophic only in those
with dementia, even though the total corrected brain volumes were no different between those
with and without dementia. The results of the VBM analysis are therefore useful in the
antemortem clinical prediction of the presence of AG; specifically, in those patients with
dementia. In patients with dementia in which there is MRI evidence of hippocampal and
amygdala atrophy, the differential diagnosis should include Alzheimer’s disease,[8,18]
frontotemporal dementia, [37,39]and now AG with Alzheimer’s type pathology. In the context
of a very old patient however, the differential should be narrowed to Alzheimer’s disease and
AG with Alzheimer’s-type pathology, since frontotemporal dementia is predominantly a
presenile dementia.[21] Differentiating Alzheimer’s disease from AG may even be possible
as atrophy of the medial temporal was demonstrated to be less severe in AG compared to
Alzheimer’s disease. [35]

The combination of forgetfulness, higher Braak score and hippocampal atrophy in our
demented group is highly reminiscent of Alzheimer’s disease, yet none of these subjects met
pathological criteria for Alzheimer’s disease.[16] There are three possible explanations for
these findings. First, AG is a distinct disease process sufficient to cause a dementia and the
concept of argyrophilic grain disease is valid. Second, the presence of AG by itself is
insufficient to cause dementia but in the presence of neurofibrillary tangle pathology, even if
the second pathology is minimal, can result in dementia. And third, the finding of AG is
secondary to the aging process only, and dementia is associated with the presence of the
Alzheimer’s-type pathology. The fact that the VBM analysis did not show any signature pattern
of volume loss in the 22 subjects with AG is not a sufficient argument against the presence of
AG being a distinct disease process causing dementia. Voxel based morphometric studies have
revealed an absence of atrophy in subjects with dementia syndromes including pathologically
confirmed frontotemporal dementia.[22] The presence of AG mainly in the non-demented
subjects may argue against AG being a distinct disease process, but does not imply that AG is
a benign pathology, as Lewy bodies, neuritic plaques, and neurofibrillary tangles have also
been reported in non-demented subjects. [25] The presence of a higher Braak score however
in those with dementia suggests that AG may lower the threshold for dementia. Given the age
of onset of the demented cohort (almost 90 years old), it is likely that at this old age, there is
less cognitive reserve, and hence dementia occurs in the presence of AG plus less severe
Alzheimer’s-type pathology. The presence of AG as an additive pathology resulting in
dementia is a view that has been supported by others.[33]

We chose to limit our cases to those with a Braak stage of IV or less, which according to
consensus criteria excludes subjects with a high probability of Alzheimer’s disease,[16] as this
could be a confounder. Furthermore, when we limited our analysis to cases of Braak stages 0-
II[7] (results not shown), a similar trend was noted, although not significant. It should also be
pointed out that in our eight cases with dementia none had a Braak stage of 0, I or II. Therefore
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of our 22 cases with AG we did not find any case with dementia and a low Braak score. This
is similar to another report looking at the impact of Alzheimer’s disease pathology on dementia
in subjects with AG where the authors state that all their AG cases with dementia were found
to have neurofibrillary tangles.[33] And while subjects with AG and dementia and low Braak
scores have been described, secondary pathologies that could account for the dementia, for
example hippocampal sclerosis, vascular lesions, Lewy body disease, or progressive
supranuclear palsy, were not necessarily excluded. In one study describing three subjects of
‘pure’ AG with dementia, one subject had Lewy body disease, and another, severe white matter
lesions.[11] The third subject did not have any ‘significant’ secondary pathologies but was
graded as a Braak score II[7] and also had mild white matter lesions. At least 80 % of cases of
AG have a secondary pathology.[20]

The strengths of our study are that the subjects were prospectively studied; pathological
diagnosis was limited to only cases of relatively pure AG without any secondary pathology,
the control group was also pathologically diagnosed, and the application of the technique of
VBM which is automated and unbiased. Limitations include the small number of subjects with
dementia having had a volumetric MRI, and the small number of subjects with Braak scores
of 0 or I, although at this age range of 90, cases with such low Braak scores are rare.

We were unable to demonstrate a distinct clinical syndrome associated with the presence of
AG. Actually, most of our subjects with this pathology were not demented. Of those who met
criteria for dementia, we found a very old age at onset, a high prevalence of memory loss as a
presenting symptom, a higher Braak score, and hippocampal atrophy. These findings challenge
the concept of argyrophilic grain disease as a distinct clinicopathological entity, but do not
suggest that AG is a benign pathology. The findings validate the concept that AG may lower
the threshold for dementia, and therefore dementia in the very old may be occurring as a result
of AG plus milder Alzheimer-type pathology.
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Figure 1.
Tau immunohistochemistry demonstrating the presence of typical AG (arrows highlight a few
examples) in the entorhinal cortex. The AG are seen as spindle shaped dot-like structures of
varying size throughout the brain parenchyma
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Figure 2.
Voxel-based morphometry results showing bilateral volume loss of the anterior hippocampus/
amygdala complex and inferior temporal lobes in the group of subjects with AG and dementia
(n=3) compared to the control group (left panel), and scattered insignificant loss in the group
of AG subjects without dementia (n=9) compared to controls (right panel) (p<0.005,
uncorrected for multiple comparisons). Results have been overlaid on the smoothed customized
template.
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Table 2
Detailed clinical information on the 8 cases of AG with dementia

Cases Age at onset Illness duration Presenting symptoms Prominent symptoms that developed later in the
disease course

1 84 7 Memory loss, fatigue, hypersomnolence Parkinsonism and difficult with gait

2 74 9 Memory loss, problems with directions Worsening of cognitive impairment

3 85 7 Memory loss Worsening of cognitive impairment

4 90 6 Memory loss Apathy and gait impairment with ataxia of gait

5 97 3 Behavioral changes, short tempered, decreased interactions,
memory loss

Depression-like episodes including crying spells

6 87 3 Paranoid, frightened after dark, hallucinations, memory loss None reported

7 87 1 Memory loss Wandering

8 73 4 Memory loss Gait impairment and visual hallucinations
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Table 3
A Comparison of subjects with AG with and without dementia

AG with dementia (N=8) AG without dementia (N=14) P value

Female gender 4 (50%) 10 (71%) ns

*Age at onset of dementia 87 years (73–97) n/a n/a

*MMSE score prior to death 20.5 (5–28) 28 (22–30) 0.002

*Age at death 90.5 years (77–100) 89.5 years (74–101) ns

*Braak stage 4 (3–4) 3 (0–4) 0.02

Number of subjects with Braak stage ≤ 2 0 (0%) 5 (36%) ns

Number of subjects that fulfilled Khachaturian criteria 5 (63%) 8 (57%) ns

Number of subjects that fulfilled CERAD criteria - C 0 (0%) 0 (0%) ns

Number of subjects that fulfilled CERAD criteria – B 2 (25%) 0 (0%) ns

Number of subjects that fulfilled CERAD criteria - A 5 (63%) 5 (38%) ns

βNumber of subjects that fulfilled CERAD criteria - 0 1 (13%) 9 (64%) 0.03

Number of subjects that fulfilled NIA-Reagan criteria for AD 0 (0%) 0 (0%) ns

ns = not significant, n/a = not applicable; MMSE = Mini-mental State Examination

*
Values shown are medians (range)

β
Not significant after adjusting for multiple comparisons
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