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OBJECTIVE: To determine the neuropathological diagnoses
of longitudinally followed patients with potentially reversible
causes of dementia and to examine the results of the “demen-
tia work-up,” especially neuroimaging, by comparison with
the pathological diagnosis.

DESIGN: A neuropathologic series of 61 consecutive pa-
tients, with review of clinical, laboratory, neuroimaging, and
pathological results.

RESULTS: Of the 61 patients, forty-eight (79%) had a clin-
ical diagnosis of probable or possible Alzheimer’s disease
(AD). Compared with the pathological diagnosis, the sensi-
tivity and specificity of the clinical diagnosis of AD were 96%
and 79%, respectively. Of the 61 patients, 9 had abnormal
laboratory tests, the correction of which did not improve the
subsequent course. These patients were found to have AD®
and frontotemporal dementia® on pathology. In two patients,
neuroimaging was helpful in the clinical diagnoses of fronto-
temporal dementia and progressive supranuclear palsy (PSP).
Neuroimaging revealed cerebrovascular disease in 18 patients,
only two of whom were suspected clinically. Pathology con-
firmed AD in 17 and PSP in 1 of these patients. Sensitivity and
specificity for the clinical diagnosis of cerebrovascular disease in
comparison with pathology were 6% and 98%, respectively.
With the added information from neuroimaging, that sensitivity
increased to $9% and specificity decreased to 81%.

CONCLUSIONS: All cases with abnormal laboratory or
neuroimaging results had AD or some other neurodegenera-
tive disease on pathology. The “dementia work-up” did not
reveal any reversible causes for dementia in this group of
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patients. Neuroimaging may have a role, especially in the
diagnosis of possible AD with concomitant cerebrovascular
disease. ] Am Geriatr Soc 48:1204-1210, 2000.

Key words: dementia; Alzheimer’s disease; laboratory stud-
ies; neuroimaging

he widely used work-up for the evaluation of dementia

stems from early reports of missed reversible cases for
cognitive syndromes,' published before the development of
standardized rigorous clinical criteria for the dia%nosis of
dementia.*~® Since then, two large meta-analyses”® of over
3000 patients have found that between 8% and 9.3% of
patients had partially reversible disease and only 1.5% to 3%
had fully reversible dementia. The main causes of partially or
completely reversible dementia were medications, depres-
sion, and metabolic disorders (especially thyroid dysfunc-
tion). Several methodological problems were noted by the
authors of those meta-analyses, mainly the limited follow-up
periods and the lack of objective criteria for improvement of
the cognitive disorders. Furthermore, vascular dementia and
concomitant Alzheimer’s disease {AD) and cerebrovascular
disease (also referred to as “mixed dementia”) were not
considered in those analyses because they were deemed irre-
versible by the authors. However, several recent studies have
emphasized the importance of vascular lesions in the expres-
sion and severity of dementia in AD.%!° Identifying such
lesions may thus hold some promise in terms of tertiary
prevention (control of vascular risk factors) by delaying
progression or severity of illness.'"*

For editorial comment, see p 1345

Some contend that the low frequency of “reversible
dementias” argues against extensive investigation of all pa-
tients with cognitive complaints.® There have been conflicting
guidelines concerning the assessment of dementia.’>"'¢ Most
of the disagreement concerns the role of neuroimaging in the
work-up of dementia. Although most authorities advocate a
neuroimaging procedure in a selected group of demented
patients,”"13-15:17-20 some still recommend it routinely for all
patients.’6?' Two recent studies?®?* evaluated the clinical
role of published recommendations for the assessment of
dementia. They showed that, by applying certain clinical
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indicators, a significant number of neuroimaging studies is
avoided with relatively little meaningful information missed.
In both studies, cerebrovascular disease on brain imaging
resulted in changes in clinical diagnoses. Brain imaging also
influenced the management of vascular risk factors and cere-
brovascular disease.*?

The objectives of our clinicopathological study were
threefold: (1) to determine the neuropathological diagnoses
of longitudinally followed patients with potentially reversible
causes of dementia, (2) to examine the results of the dementia
work-up by comparison with the pathological diagnosis, and
(3) to specifically assess the role of neuroimaging in the
diagnosis of concomitant cerebrovascular disease.

METHODS
Study Population

The study population consisted of 61 patients evaluated
at the Columbia University Alzheimer’s Disease Research
Center (ADRC), a tertiary care facility for patients with
cognitive complaints.

Clinical Diagnosis

The diagnosis of dementia was based on the criteria of
the Diagnostic and Statistical Manual, Revised Third Edition
(DSM-III-R).’ AD was diagnosed according to the National
Institute of Neurological and Communicative Disorders and
Stroke— Alzheimer’s Disease and Related Disorders Associa-
tion (NINCDS-ADRDA) criteria .* The diagnosis of vascular
dementia was based on the National Institute of Neurological
Disorders and Stroke and the Association Internationale pour
la Recherche et ’Enseignement en Neurosciences (NINDS-
AIREN) criteria.”® The presence of concomitant AD with
cerebrovascular disease on clinical evaluation or neuroimag-
ing was classified as possible AD. The term “mixed demen-
tia” will also be used hereafter as a synonym of the NINCDS-
ADRDA category of possible AD with cerebrovascular
disease.

Clinical Evaluation

The clinical evaluation of memory impairment included
a structured neurological, functional, and psychiatric exam-
ination, neuropsychological testing, a series of laboratory
tests (complete blood count, serum electrolytes, liver and
renal function tests, serum B12, folate, VDRL, thyroid func-
tion tests) and brain imaging (computerized axial tomogra-
phy scan (CT) or magnetic resonance imaging scans (MRI) of
the brain). Results of the laboratory tests and imaging proce-
dures were available for most patients for this analysis. The
results of neuroimaging studies were considered as inter-
preted by the original neuroradiologist. Infarcts were defined
as focal cortical or noncortical lesions in a recognized vascu-
lar territory, and white matter disease was defined as periven-
tricular or deep white matter hypodensities on brain CT or
MRI. Missing data were mostly due to the unavailability of
the results for patients whose initial evaluation was carried
out in an outside institution,

Autopsy Consent and Neuropathological Diagnosis

All patients and their families were given information on
neuropathological examination and gave verbal consent if
they wished to participate in the free autopsy program offered
through ADRC. Informed consent was obtained from next of

kin upon death for all patients. Neuropathological examina-
tions were performed at the Columbia Presbyterian Medical
Center (except for two cases). In all but one case evaluated at
Columbia, the left half of the cerebrum was quick frozen, and
the right half was fixed in formalin for gross and microscopic
evaluation. In the two other cases, the left half of the cere-
brum was fixed for microscopic study. Pathological reports
were reviewed to insure that the relevant hemibrain (i.e., the
hemibrain showing cerebrovascular disease on imaging) was
examined. In one case, the hemibrain opposite to the one with
neuroimaging findings was examined. The diagnosis was
based either on the Consortium to Establish a Registry for
Alzheimer’s Disease (CERAD) criteria?* or the Khatchatu-
rian criteria®® for AD. Diagnoses of other dementias were
made using standard published clinical and pathological cri-
teria.26~2° The presence of concomitant AD and cerebrovas-
cular pathology was classified as possible AD. The term
“mixed dementia” will also be used to refer to this patholog-
ical entity.

Statistical Analyses

Means, standard deviations, and group percentages were
used as frequency measures for the demographic and clinical
characteristics of the study population. Clinical diagnosis of
AD was compared with the neuropathological diagnosis. For
purposes of this analysis, clinical and pathological diagnoses
were classified as either AD or non-AD. Sensitivity of the
clinical diagnosis was defined as the number of patients with
the clinical diagnosis of AD who also met the pathological
criteria of AD (“true positives”) divided by the total number
of patients with a definite, pathological diagnosis of AD.
Specificity was defined as the number of patients with a
clinical diagnosis other than AD who also had a pathological
diagnosis other than AD (“true negatives”) divided by the
total number of patients with a pathological diagnosis other
than AD. The sensitivity and specificity of the initial (i.e., at
the first clinic visit) clinical and neuroimaging diagnoses of
cerebrovascular disease were determined by comparing them
with the definite neuropathological diagnosis considered as
the gold standard in the same manner described for AD.

RESULTS
Demographic Characteristics

Demographic and clinical characteristics of the study
population are presented in Table 1.

Clinical and Pathological Diagnoses (Table 2)

Of the 61 patients, 41 (67%) had a clinical diagnosis of
probable AD, 7 (12%) had a diagnosis of possible AD, 10
(16%) had another diagnosis (chromosome 17-associated
familial dementia,? frontal lobe dementia,> Creutzfeldt-
Jakob dementia,? adult polyglucosan disease,’ Parkinson’s
disease associated dementia,! and dementia of unknown eti-
ology? ), and 3 (5%) did not meet criteria for dementia. The
sensitivity of the clinical diagnosis of AD was 96% and the
specificity was 79%. Clinical and pathological diagnoses
differed in five patients. Three patients with a clinical diagno-
sis of AD (false positives) had pathological diagnoses of pure
Lewy body disease, subcortical gliosis, and multiple sclerosis.
Two patients with clinically diagnosed dementia of “un-
known etiology” had AD on pathological examination (false
negatives),
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Table 1, Clinical and Demographic Characteristics of the Study
Population

Characteristics Frequency

Gender

Male, n (%) 36 (59)

Female, n (%) 25 (41)
Ethnic group

White, n (%) 50 (82)

Black, n (%) 5(8)

Hispanic, n (%) 5(8)

Other, n (%) 1(2)
Age at entry, years (SD) 69 (11)
Age at death, years (SD) 74 (11)
Education, years (SD) 14 (4)

Duration in study, years (SD) 4(3)

Mean CDR at last clinical evaluation (SD) 1.74 (1.9)
Clinical diagnosis (%)
Probable AD 41 (67)
Possible AD 7(12)
Other 10 (16)
No dementia 3(5)

SD = standard deviation; CDR = Clinical Dementia Rating Scale (7°); AD =
Alzheimer’s disease.

Laboratory Results and Clinical Course

All patients had normal basic laboratory test results
including complete blood count and chemistry profile. Re-
sults of the metabolic work-up (thyroid function tests, vita-
min B12 and folate levels) were available for 56 (92%) of the
61 patients. None of the patients had abnormal folate levels.
Two of the 56 patients had low vitamin B12 levels. They were
clinically thought to have possible AD, and their cognitive
function did not improve with vitamin B12 replacement
therapy and they both had AD on pathology. Five of the 56
patients had abnormal thyroid function tests (three were
hypothyroid and two were hyperthyroid with thyroid re-
placement therapy), the treatment of which did not lead to
any improvement in cognition. Clinically, these five patients
were classified as possible AD (four cases) and frontotempo-
ral dementia (one case). They were found to have AD (four
cases) and frontotemporal dementia (one case) on pathology.
Serum screening for neurosyphilis (VDRL) was positive in
two instances, one of whom had been treated for syphilis in
the past. In the other patient, it was ruled out by cerebrospi-
nal fluid examination. Possible AD was suspected clinically
and confirmed on neuropathological examination in both
cases.

Results of Neuroimaging

Results of initial neuroimaging procedures were avail-
able for 60 of the 61 patients {98%). Of those, 19 had MRIs,
23 had CT scans, and 18 had both. Imaging revealed struc-
tural abnormalities supporting the clinical diagnosis in two
non-AD patients: it showed brain stem atrophy (with MRI) in
a patient with progressive supranuclear palsy, and frontotem-
poral atrophy (with CT and MRI) in a patient with fronto-
temporal dementia. Infarcts were demonstrated in 15 pa-
tients (13 with MRI, 1 with both CT and MR, and 1 with
CT), only two of whom were suspected clinically (four corti-

cal, six subcortical, two mixed cortico-subcortical, two brain
stem, and one cerebellar). Probable AD was clinically diag-
nosed in 13 patients, and possible AD with stroke in the
remaining 2 patients.

Sensitivity and specificity of the clinical diagnosis of
stroke in this sample were 8% and 98%, respectively, when
compared with neuropathology. With the added information
provided by neuroimaging, sensitivity increased to 54% and
specificity decreased to 83% (Table 3). When all cerebrovas-
cular abnormalities were considered simultaneously (infarcts
and white matter disease), 18 cases were revealed by neuro-
imaging (14 with MRI, 2 with both CT and MRI, and 2 with
CT), only 2 of which were suspected clinically. Sensitivity and
specificity of the clinical diagnosis of all cerebrovascular
disease were 6% and 98%, respectively, when compared
with findings on neuropathology. The information provided
by neuroimaging increased sensitivity to 59% and decreased
specificity to 81% (Table 4). Three patients in our study with
a clinical diagnosis of probable or possible AD had isolated
white matter disease on neuroimaging. Two out of these three
patients had cerebrovascular changes on pathology (one had
infarcts and one had severe arteriosclerosis). In 12 patients,
cerebral infarcts were demonstrated on pathology, whereas
none were suspected clinically (on history and physical ex-
amination) (Table 3). The average time between the clinical
and pathological evaluations was 5 years (standard deviation
(SD) = 3). Review of the medical charts of these patients
revealed a history of stroke (after the initial clinical evalua-
tion) in only one case. Interestingly, the neuropathological
evaluation revealed microscopic infarcts in 6 of these 12
patients. In seven patients, cerebrovascular disease was dem-
onstrated on pathology, although none was shown on neu-
roimaging (Table 4). In these patients, the average time
between neuroimaging and pathological evaluations was 6
years (SD = 4). Three of these seven patients had repeat
neuroimaging (one for transient ischemic attack-like symp-
toms, one for increased confusion and myoclonic jerks, and
one for unclear reasons), on average, 1 year before death, and
no cerebrovascular disease was shown in any case. Eight
patients had evidence of cerebrovascular disease on neuroim-
aging but not on pathological examination. Pathological
reports were reviewed to insure that the relevant hemibrain
(i.e., the hemibrain showing cerebrovascular disease on im-
aging) was examined. In seven of the eight cases, the hemi-
brain with the changes described on imaging was examined
pathologically. In one case, neuroimaging showed a lacunar
stroke in the right hemibrain while the left hemibrain was
fixed for microscopic examination.

DISCUSSION

The metabolic work-up including thyroid function tests
and vitamin B12 and folate levels did not reveal any reversible
causes for dementia in our cohort. The five patients who had
abnormal thyroid function tests and the two patients with
vitamin B12 deficiency all had a primary neuropathological
diagnosis of a degenerative dementing disorder (AD in six,
and frontotemporal dementia in one). The findings of this
study of a highly selected group of patients cannot be used to
determine the actual prevalence of reversible dementia. How-
ever, they seem to lend some support to previous studies
reporting a relative scarcity of reversible metabolic causes in
patients presenting with memory complaints at a tertiary
medical center.””® These findings also support the concept of
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Table 2. Correlation Between Clinical and Neuropathological Diagnoses

Neuropathological Diagnoses

AD
Clinical Diagnosis Definite AD Mixed AD vD Other Total
AD*
Probable AD 25 14 0 2 41
Possible AD 2 4 0 1 7
vD 0 0 0 0 0
Other 2 0 0 11 13
Total 29 18 0 14 61

*Sensitivity of the clinical diagnosis of AD was 96% (45/47). Specificity of the clinical diagnosis of AD was 79% (11/14),

AD = Alzheimer’s disease; VD = vascular dementia.

Table 3. Sensitivity and Specificity of Clinical and Neuroimaging
Diagnosis of Cerebral Infarction

Table 4. Sensitivity and Specificity of Clinical and Neuroimaging
Diagnosis of All Cerebrovascular Disease

Neuropathological
Diagnosis
Infarcts No Infarcts

Clinical Diagnosis*

Stroke 1 1

No stroke 12 46

Total 13 47
Neuroimaging Diagnosis”

Stroke 7 8

No stroke 6 39

Total 13 47

*Sensitivity of clinical diagnosis = 1/13 = 8%. Specificity of clinical diagnosis =
46/47 = 98%.

TSensitivity of neuroimaging diagnosis = 7/13 = 54%, Specificity of neuroimag-
ing diagnosis = 39/47 = 83%.

“modifiable” dementia introduced by some authors to de-
scribe patients with an underlying irreversible neurodegen-
erative disorder who may temporarily be ameliorated or
stabilized by the treatment of a medical condition or meta-
bolic disorder but who, when followed for a longer period of
time, gradually and relentlessly deteriorate.3® A study by
Larson et al. seems to support this hypothesis. ! In this study,
13 patients with reversed dementia were followed for more
than 2 years after treatment of the alleged cause. After initial
improvement, 62% of patients {three of four patients with
hypothyroidism, four of six patients with medical intoxica-
tion, and one patient with subdural hematoma) progressively
deteriorated and had a course consistent with AD. Neuro-
pathological examination on two of these patients confirmed
the diagnosis of AD. Modifying aggravating factors would be
expected to yield the best results in the earliest stages of
dementia. To our knowledge, no other clinicopathological
series studying patients with “potentially reversible” demen-
tia exist.

Neuroimaging did not reveal any reversible structural
causes for dementia in this cohort of patients that are in
agreement with previous studies.”>® Neuroimaging supported
the clinical diagnosis in one patient with frontotemporal
dementia (frontal lobe atrophy), and one patient with pro-
gressive supranuclear palsy (brain stem atrophy).

Neuropathological Diagnosis

No
Cerebrovascular Cerebrovascular
Disease Disease
Clinical Diagnosis”
Cerebrovascular 1 1
disease
No cerebrovascular 16 42
disease
Total 17 43
Neuroimaging Diagnosis’
Cerebrovascular 10 8
disease
No cerebrovascular 7 35
disease
Total 17 43

*Sensitivity of clinical diagnosis = 1/17 = 6%. Specificity of clinical diagnosis =
42/43 = 98%.

*Sensitivity of neuroimaging diagnosis = 10/17 = 59%. Specificity of neuroim-
aging diagnosis = 35/43 = 81%.

Neuroimaging did improve the sensitivity of the clinical
diagnosis of AD with concomitant cerebrovascular disease
often referred to as mixed dementia.3! The finding of low
clinical sensitivity for the clinical diagnosis of stroke (or
possible AD with stroke) is somehow disturbing. However,
on closer examination of the pathological findings, 6 out of
the 12 patients had microinfarcts suggesting mild disease that
may explain the lack of a history of stroke. Mixed dementia is
usually found in patients with vascular risk factors®? and is
difficult to diagnose clinically without the use of neuroimag-
ing.?? It is often misdiagnosed as AD or vascular dementia.>?
In a group of patients from a memory disorders clinic, mem-
ory was shown to progress differently in patients with AD,
mixed dementia, and vascular dementia.?* Memory was
more impaired in the mild stages of AD, with mixed and
vascular dementias catching up in the more advanced stages
of impairment, suggesting a potential for intervention early
on in the progression of the disease. One study has shown
that mixed dementia has a hi§her mortality than AD (but
lower than vascular dementia).>* Furthermore, clinicopatho-
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logical studies suggest more severe clinical dementia in pa-
tients with mixed AD in comparison with patients with
“pure” AD.”!° By extrapolating to the results of the few
intervention trials carried out in vascular dementia,!+12:36-38
one could hypothesize that control of vascular risk factors
and antiplatelet treatment may also delay progression of
mixed dementia. Even a modest delay could reduce the finan-
cial and emotional burden imposed by the functional limita-
tions of this disease.>® Unfortunately, there are no trials that
have evaluated interventions aimed at slowing the progres-
sion of mixed dementia. The clinical relevance of periven-
tricular white matter lesions (PVWML) in association with
AD is still controversial. Three patients in our study with a
clinical diagnosis of probable AD had PVWML with no
infarcts on brain imaging. Even though the original interpre-
tation of neuroimaging studies was considered and no objec-
tive scale to rate PVWML was used (which may potentially
have underestimated the prevalence of these findings), sensi-
tivity and specificity for detection of cerebrovascular disease
improved when the imaging results from these patients were
considered. Some controversy surrounds what underlies
these findings on neuroimaging. Clinically, they are usually
associated with vascular risk factors,*® whereas pathology
usually reveals hyaline fibrosis of vessels and perivascular and
diffuse demyelination suggestive of an ischemic pathophysi-
ology.*=** However, PVWML are not always associated
with vascular risk factors, and pathology may reveal dilated
perivascular spaces, spongiosis, or Wallerian degeneration
suggesting a nonischemic etiology.**~*¢ Two out of three
patients with isolated PYWML on imaging had cerebrovas-
cular changes on pathology (one had infarcts, and one had
severe arteriosclerosis), suggesting that this finding may be at
least a marker for cerebrovascular disease if not a result of it.

Several studies have shown an association between
PVWML and severity of cognitive function in AD.47-? This
association was significant only in the mild stages of AD in
one study,*® suggesting, once more, that a preventive inter-
vention at this stage might delay progression of the disease.
One study’® showed that PVWML on brain CT scans (but
not MRI) correlated with severity of dementia in AD. Other
studies have refuted this association.®~° The clinical course
of AD does not seem to be influenced by the presence of
PVWML.®! Periventricular white matter lesions on CT scan
(but not MRI) were found to predict neurological focal signs
(ataxia, asymetric deep tendon reflexes, focal motor deficits,
abnormal plantar reflexes) and abnormalities on electroen-
cephalogram at 12 months of follow-up in a group of patients
with AD suggesting an association with cerebrovascular dis-
ease.%? Deep white matter lesions, especially in the frontal
lobes, are also associated with depressive symptomatolo-
gy.53%* Finally, PVWML have recently been associated with
gait disturbances and disequilibrium in older populations
with®® or withouté¢” cognitive impairment. When all these
studies are considered, clinical evidence seems to suggest an
association between cerebrovascular disease and PVWML on
neuroimaging. However, the current literature does not allow
the conclusion that these lesions are truly the result of cere-
brovascular disease. In that matter, the NINDS-AIREN
group has concluded in their guidelines for the diagnosis of
vascular dementia that “PVWML can be considered evidence
for cerebrovascular disease; however, to be significant, these
changes must be diffuse, and extensive, and characterized by
irregular periventricular hyperintensities on T1 and T2 MRI

extending to the deep white matter but sparing the areas
thought to be protected from perfusion insufficiency.”??

This study has several limitations. We did not have
complete laboratory and imaging information on all patients
even though we had definite pathological diagnosis on all of
them. Ours represents a somewhat selected population of
demented patients: subjects with truly reversible causes may
not have been followed-up for a long period of time, and may
have had a lesser chance of agreeing to autopsy. Some of these
patients may also have been screened and treated by their
primary care physicians without referral to a memory disor-
ders clinic. Hence, even if clinical reports and meta-
analyses”® have repeatedly shown that reversible causes are
exceedingly rare, a community-based study might have re-
vealed different findings. Similarly, a study carried out in a
community-based or primary care setting might have shown
very different findings in terms of cerebrovascular find-
ings.“’”

The clinicopathological correlations in this study re-
vealed some discrepancies that deserve further discussion. In
seven cases, the cerebrovascular findings on imaging were not
confirmed on pathology. This suggests that neuroimaging
may be more sensitive in detecting mild cerebrovascular
disease that might be otherwise missed by the neuropatho-
logical evaluation of successive brain slices or, less likely, an
artifactual change on neuroimaging not substantiated by
neuropathology. Comparing results on neuroimaging with
neuropathological findings several years later also has its
caveats. In the six cases with infarcts on pathology that were
not reported on imaging, the vascular events may have oc-
curred later on in the progression of the disease, underesti-
mating the sensitivity of neuroimaging in comparison with
neuropathological examination. Review of the clinical charts
of these patients suggests that most of the pathological find-
ings were silent clinically. However, many participants in this
study spent their last years in long-term care facilities and
may not have been transferred to our hospital (or may have
been transferred to another hospital) in the event of an acute
neurological episode. Given the fact that MRI is more sensi-
tive than CT scan in revealing ischemic changes, using either
CT scan or MRI to determine sensitivity and specificity may
have further underestimated the sensitivity of neuroimaging.
Finally, inter-rater and intra-rater reliabilities of neuroradi-
ologists could not be assessed retrospectively. Nevertheless,
this study has numerous strength, including reliance on rig-
orous clinical criteria, longitudinal follow-up of patients, and
definite neuropathological diagnoses.

In summary, these findings suggest that neuroimaging
may have a significant role in the diagnosis of mixed demen-
tia. Future prospective studies with serial neuroimaging and
neuropathological confirmation of dementia subtypes are
needed to improve clinicians’ ability to identify patients with
mixed dementia and to characterize those who may benefit
from targeted interventions.
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