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carotid artery disease (5, 6) and with the risk of postopera-
tive cognitive decline in patients who underwent open-
heart surgery, such as valve replacement or coronary 
artery bypass graft (7, 8). The middle cerebral arteries 
supply blood to the frontal, temporal, and parietal areas 
of the brain, which are considered critical in dementia. In 
a study of 170 patients with dementia, we detected spon-
taneous cerebral emboli in the middle cerebral arteries, 
during a single hour of transcranial Doppler monitoring, 
in 40% of patients with Alzheimer’s disease and in 37% 
with vascular dementia, compared with only 14% of age- 
and sex-matched comparison subjects (9). We now pres-
ent the findings of a prospective study of whether spon-
taneous cerebral emboli predict a more rapid progression 
of dementia over 2 years in patients with Alzheimer’s dis-
ease and vascular dementia.
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O b je c t iv e :  Spontaneous cerebral emboli 
occur frequently in patients w ith Alzhei­
mer’s disease and vascular dementia. The 
authors investigated the effect of cere­
bral emboli on cognitive and functional 
decline in both Alzheimer’s disease and 
vascular dementia patients over a 2-year 
period.

M e thod :  Cerebral emboli entering the 
m iddle cerebral arteries were counted at 
baseline and every 6 months over the fol­
lowing 18 months using transcranial Dop­
pler ultrasonography in 144 patients w ith 
dementia (Alzheimer’s disease, N=84; vas­
cular dementia, N=60). Deterioration in 
cognition was measured every 6 months 
over 2 years using the Alzheimer’s Dis­
ease Assessment Scale-Cognitive (ADAS-
Cog), the Mini-Mental State Exam ination 
(to assess cognition), the Interview for 
Deterioration in Daily Living Activities in 
Dementia (to assess function), and the 
Neuropsychiatric Inventory (to assess be­
havioral and psychological symptoms). 
The relationship between cerebral em ­
boli and progression of dementia was 
analyzed using longitudinal regression 
modeling, adjusted for age, sex, diagnos­
tic subtype, age at onset of dementia, and 
significant vascular risk factors.

R e su lts :  Spontaneous cerebral emboli 
were detected in 63 (44% ) dementia pa­
tients, 36 (43% ) Alzheimer’s disease pa­
tients, and 27 (45% ) vascular dementia 
patients. ADAS-Cog scores revealed faster 
deterioration in cognitive functioning in 
patients w ith cerebral emboli over 2 years, 
w ith a mean increase in score of 15.4 in 
these patients, compared with only 6.0 for 
those without cerebral emboli. Sim ilarly, 
Interview for Deterioration in Daily Liv­
ing Activities in Dementia scores revealed 
more rapid deterioration in those with 
cerebral emboli, w ith a mean increase in 
score of 59.0 in these patients, compared 
with 17.9 for those without cerebral em ­
boli. Neuropsychiatric Inventory scores 
also indicated faster decline in patients 
w ith cerebral emboli, w ith a mean in­
crease in score of 12.0 in these patients, 
compared with a mean decrease in score 
of –3.8 for patients in whom  no emboli 
were detected.

Co n c lu s io n s :  Spontaneous cerebral em ­
boli predict more rapid progression of de­
mentia over 2 years in both Alzheimer’s 
disease and vascular dementia. Clinical 
trials on the inhibition of cerebral emboli 
in the prevention and treatment of de­
mentia are needed.

Dementia affects more than 24 million people world-
wide, with the prevalence increasing as a result of the ris-
ing elderly population (1). Vascular risk factors, such as 
hypertension, diabetes, obesity, hypercholesterolemia, 
and stroke, are associated with an increased risk of both 
Alzheimer’s disease and vascular dementia (2). However, 
the precise mechanisms of brain damage remain un-
known. Irrespective of whether cerebrovascular disease 
plays a causative or additive role in the onset of clinical 
dementia (3), the treatment of vascular risk factors and 
elucidation of mechanisms of brain damage are consid-
ered important in the prevention and treatment of both 
Alzheimer’s disease and vascular dementia (4).

Asymptomatic cerebral emboli, detected by transcrani-
al Doppler ultrasonography of the middle cerebral arter-
ies, were associated with the risk of stroke in patients with 
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and specific to patent foramen ovale detected by transesophageal 
echocardiography (14–16).

Spon taneous Ce reb ra l Em bo li

Patients attended the Vascular Studies Unit at the University 
Hospital of South Manchester every 6 months (for 2 years) and 
were independently assessed by vascular scientists who were 
blinded to dementia diagnoses and outcome measures for the 
progression of dementia. The method used to detect spontane-
ous cerebral emboli has been described in detail elsewhere (9) 
and is based on international consensus criteria (17). Briefly, ce-
rebral emboli were detected by insonating the middle cerebral ar-
tery through the temporal window with the best signal by trans
cranial Doppler (EME Pioneer 4040, Überlingen, Germany) using 
a 2-MHz pulsed-wave Doppler probe. The insonation depth was 
set individually and ranged from 40 mm to 55 mm, and the sam-
ple volume length was set at 13 mm for all patients. Cerebral 
emboli were investigated over two separate 1-hour transcranial 
Doppler sessions at baseline and at 6-month intervals over the 
next 18 months. Patients were observed throughout each session 
in a manner that would allow movement artifacts to be recorded 
on digital tapes of the transcranial Doppler output for subsequent 
blind analyses by two vascular technologists. Each recording was 
played back through the same transcranial Doppler system, with 
a 128-point fast Fourier transform and an overlap of >50%. Em-
bolic signals were identified using standard consensus criteria 
(17). If a patient was cerebral emboli positive in our original case-
control study (9), he or she was considered cerebral emboli posi-
tive in the present study.

Outcom e  M ea su re s

The following measures of cognition, function, and psycho-
logical symptoms were used to assess patients at baseline and 
at 6-month intervals to measure the progression of dementia: 
the Alzheimer’s Disease Assessment Scale-Cognitive (ADAS-Cog 
[18]), the Interview for Deterioration in Daily Living Activities in 
Dementia (19), and the Neuropsychiatric Inventory (20).

Co gn itive  fun c tio n  (p r im ar y  o u tcom e  m easu re ) . The pri-
mary endpoint was deterioration in cognitive functioning as 
indicated by ADAS-Cog scores over 2 years of follow-up assess-
ment. The ADAS-Cog is a widely used and validated psychomet-
ric assessment that evaluates attention, memory, orientation, 
language, and praxis (18). Scores range from 0 to 70 and are de-
termined by the number of errors made on the test. An increase 
in score over time indicates a decline in cognitive function. Cog-
nitive decline was also assessed using the MMSE. Scores on the 
MMSE range from 0 to 30, and a drop in score indicates cognitive 
decline.

Fun c tio na l s ta tu s . The Interview for Deterioration in Daily Liv-
ing Activities in Dementia is known to be reproducible and valid 
(19). This scale encompasses 33 activities from daily life, such as 
washing, dressing, eating, shopping, writing, and answering the 
telephone. Both the initiative to perform these activities and the 
performance itself are assessed. Any difficulties in the perfor-
mance of each activity over the previous month are scored on a 
7-point scale, and increasing scores over time indicate deteriora-
tion in functioning.

Behav io ra l and  p sy cho lo g ic a l s ym p tom s. Behavioral and 
psychological symptoms of dementia were assessed using the 
Neuropsychiatric Inventory, evaluating 12 behavioral disturbanc-
es based on symptoms over the previous month (20). If the an-
swer to a screening question is positive, the severity and frequen-
cy of the behavior are scored and multiplied to yield a score for 
that particular symptom. The sum score of all symptom scores is 
a valid and reliable indicator, with higher scores indicating more 
severe symptoms.

M ethod

Pa tien ts

Patients satisfying DSM-IV criteria for dementia were recruited 
through a network of community and outpatient geriatric psychi-
atry clinics in Greater Manchester (United Kingdom). Consultant 
geriatric psychiatrists explained the study details, including the 
inclusion/exclusion criteria and study assessments, to the pa-
tients and referred those patients who they thought would be able 
to adhere to the study method. Over a 2-year period, we recruited 
156 patients with dementia, of whom 117 (75%) had participated 
in our previous case-control study (9). Alzheimer’s disease, “prob-
able” or “possible,” was diagnosed using the National Institute 
of Neurological and Communicative Disorders and Stroke/Alz
heimer’s Disease and Related Disorders Association criteria (10). 
Vascular dementia was diagnosed using the National Institute of 
Neurological Disorders and Stroke/Association Internationale 
pour la Recherche et l’Enseignement en Neurosciences crite-
ria (11). Three geriatric psychiatrists reviewed the clinical data, 
which included results from computerized tomography scans as 
well as magnetic resonance imaging (MRI), to reach a consensus 
diagnosis of Alzheimer’s disease (N=90) or vascular dementia 
(N=66), with an independent psychiatrist making the final di-
agnosis. Patients were excluded from participation in the study 
if they had aphasia, severe dementia (Mini-Mental State Exami-
nation [MMSE] score <10 [12]), or an inadequate transtemporal 
window for transcranial Doppler insonation of the middle cere-
bral artery or if they were receiving anticoagulant medication. 
Patients were examined at baseline and then every 6 months for 
24 months. The ethics committees of the National Health Service 
and the University of Manchester Senate approved the study. All 
patients with dementia and their caregivers provided written in-
formed consent.

Ca rd iova scu la r R isk  Fa c to rs  and  Ca ro tid  D isea se

Cardiovascular risk factors were recorded at the interview with 
the patients and their caregivers and confirmed by reviewing case 
notes. Smoking status (current/former/nonsmoker), heavy alco-
hol use (>14 units/week for women and >21 units/week for men), 
drug history, and a detailed history of cardiovascular events and 
risk factors were recorded on purpose-designed data entry forms. 
Each patient’s blood pressure was measured manually by sphyg-
momanometer after a 5-minute resting period, and a venous 
blood sample was taken to analyze total cholesterol, low-density 
lipoprotein cholesterol, high-density lipoprotein cholesterol, and 
triglyceride levels as well as apolipoprotein E (APOE) genotype. 
Carotid artery disease was imaged by a color duplex ultrasound 
scanner (ATL Ultramark 9, Advanced Technology Laboratories, 
Inc., Bothell, Wash.), with the peak systolic velocity in the internal 
carotid artery used to calculate the severity of stenosis using es-
tablished criteria (13).

The potential for paradoxical embolization from venous blood 
into the arterial circulation, usually through a patent foramen 
ovale, was investigated using a standardized transcranial Dop-
pler method (14). The middle cerebral artery was insonated using 
transcranial Doppler, and an ultrasound contrast consisting of an 
air and saline emulsion was injected intravenously. The number 
of air microemboli entering the middle cerebral artery was count-
ed and the severity of venous-to-arterial circulation was recorded 
using established criteria, with a significant venous-to-arterial 
circulation shunt equating to a patent foramen ovale and a ma-
jor venous-to-arterial circulation shunt equating to a substantial 
right-to-left shunt across a patent foramen ovale (15, 16). The use 
of microbubbles as an ultrasound contrast medium to detect pat-
ent foramen ovale is routine in cardiology and entirely safe. The 
minimally invasive technique we used is comparatively sensitive 
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to follow-up assessment before 24 months to be included in the 
statistical analysis.

The progression in dementia severity over 2 years was com-
pared statistically between patients who had cerebral emboli 
detected at any time over the first 18 months (emboli positive) 
with those in whom cerebral emboli were never detected (emboli 
negative), using generalized estimating equations with exchange-
able correlation structure to assess the significance of the interac-
tion between time and presence of cerebral emboli. Covariates in 
the regression model included age, sex, type of dementia, age at 
onset, and vascular risk factors found to be related to the rate of 
progression of dementia at the 10% level of significance.

For each patient, the mean number of emboli detected over 
the study was calculated as the total number of emboli detected 
divided by the number of follow-up sessions attended. A ranking 
score was then derived based on the mean number of emboli de-
tected, and the association between this score and the change in 
scores on outcome measures over 24 months was assessed using 
nonparametric Spearman correlations. Analyses were performed 
using SPSS, version 15 (SPSS, Inc., Chicago), and Stata, version 10 
(StataCorp, College Station, Tex.).

Re su lts

Pa tien ts

A total of 144 of the 156 recruited patients with demen-
tia were included in the analyses (Alzheimer’s disease, 
N=84 [63 “probable” and 21 “possible”]; vascular demen-
tia, N=60) (Figure 1). The mean age of the included pa-
tients was 75.2 years (SD=7.3), and 48% were women. Not 
all patients completed each assessment at all time points, 
with data on outcome up to 24 months available for 58/84 
(69%) of the Alzheimer’s disease patients and 41/60 (65%) 
of the vascular dementia patients.

Patients contributing data to the generalized estimat-
ing equation analysis for a time period shorter than 24 
months, compared with those with 24-month data, were 
older (77.3 years [SD=5.8] versus 73.8 years [SD=7.8]) and 
had lower mean scores on the MMSE (18.6 [SD=6.8] versus 
22.2 [SD=5.6]) and higher mean scores on the ADAS-Cog 
(28.2 [SD=15.6] versus 21.8 [SD=11.7]) and Interview for 
Deterioration in Daily Living Activities in Dementia (94.8 
[SD=44.6] versus 76.8 [SD=40.4]) as well as slightly higher 
scores on the Neuropsychiatric Inventory (20.1 [SD=12.4] 
versus 16.9 [SD=11.8]). There was no difference between 
the two groups with respect to cardiovascular risk factors. 
The percentage of patients with spontaneous cerebral em-
boli at baseline was 34% in those with incomplete follow-
up data and 39% in those who were followed for the entire 
24-month study period.

Vascular dementia patients were more likely (>50% 
[p=0.03]) to have a history of stroke (p<0.001), transient 
ischemic attacks (p<0.001), hypertension (p<0.05), and 
internal carotid artery stenosis than Alzheimer’s disease 
patients (Table 1, Table 2). Patients with Alzheimer’s dis-
ease were more likely to be receiving acetylcholinesterase 
inhibitors (p<0.001), while those with vascular dementia 
were more likely to be receiving antiplatelet medication 
(p<0.001).

Pow er Ca lcu la tio n  and  S ta tistica l A na ly se s

We assumed that the overall decline in cognitive functioning 
as indicated by ADAS-Cog scores over 2 years would be similar in 
Alzheimer’s disease and vascular dementia patients (21) and that 
ADAS-Cog scores would increase by approximately 7 points (10%) 
per year among patients with Alzheimer’s disease (22). Our study 
was powered to detect whether spontaneous cerebral emboli 
would double the rate of progression of dementia from 10% to 
20% each year (20% to 40% over 2 years). To achieve a 90% power 
to detect a doubling in the rate of cognitive deterioration stimu-
lated by cerebral emboli separately in patients with Alzheimer’s 
disease and vascular dementia, assuming a standard deviation 
of 20% and spontaneous cerebral emboli detection in 25% of 
patients, a total of 180 patients (accommodating a 30% attrition 
rate) would need to be examined. We were able to recruit 156 pa-
tients, and 144 with outcome data were included in all analyses. 
The attrition rate was higher than we anticipated, with 99 patients 
completing follow-up assessments up to 24 months.

Differences in baseline characteristics between patients with 
Alzheimer’s disease and vascular dementia and between those 
with and without cerebral emboli were assessed using simple t 
test and chi-squared analysis as appropriate. Changes over the 
24-month follow-up period (incorporating information from 
each of the assessments) in scores on the ADAS-Cog, MMSE, In-
terview for Deterioration in Daily Living Activities in Dementia, 
and Neuropsychiatric Inventory were analyzed by longitudinal 
regression modeling using generalized estimating equations with 
exchangeable correlation structure. This method enabled data up 
to the last recorded assessment for those patients who were lost 

Figure  1 . CONSORT   F low  Chart o f  Pa tien t Re cru itm en t

Target recruitment of 
patients with dementia

(N=180)

Number of patients recruited
(N=156)

Patients in analyses (N=144)
Alzheimer’s disease (N=84)
Vascular dementia (N=60)

Deceased (N=7)
Withdrew consent before any outcome 

measures (N=5)

Deceased (N=14)
Caregiver withdrew patient from study 
(N=19) 
Refused further participation (N=9)
Moved out of area (N=3)

Patients completing 24-month 
follow-up sessions (N=99)

Alzheimer’s disease (N=58)
Vascular dementia (N=41)



Pura nda re , Burns , M o rr is , et  a l .

Am  J Psychiatry 169 :3 , M arch 2012 	 	a jp.psychiatryonline.o rg	 3 0 3

Ce reb ra l Em bo li and  D em entia  P ro g re ssio n

The changes in outcome measures at 6-month intervals 
over 2 years between cerebral emboli-positive and emboli-
negative patients are shown in Figure 3.

Co gn itive  d e c lin e . In patients with cerebral emboli, ADAS-
Cog scores revealed significantly faster cognitive deterio-
ration, with a mean increase of 15.4 (95% CI=10.5–20.2) 
(p=0.009) in these patients, compared with only 6.0 (95% 
CI=2.3–9.8) in those without cerebral emboli. MMSE 
scores also revealed more rapid deterioration in emboli 
positive patients (p=0.01), with a mean decline of 6.9 (95% 
CI=4.7–8.9) in these patients, compared with only 3.4 (95% 
CI=1.8–5.1) in emboli-negative patients. We carried out 
further generalized estimating equation modeling for the 
proportion of patients who had a >40% increase in ADAS-
Cog scores. For cerebral emboli-positive patients, the per-
centage of patients with >40% cognitive deterioration at 
6, 12, 18, and 24 months were 31%, 45%, 53%, and 57%, 
respectively, compared with 21%, 30%, 23%, and 30%, re-

Spontaneous cerebral emboli were detected in 63 (44%) 
of the 144 dementia patients, 48 (33%) at the initial assess-
ment and an additional 15 (11%) during follow-up assess-
ments. Cerebral emboli were associated with blood pres-
sure, antiplatelet medication (p=0.03), and a significant 
venous-to-arterial circulation shunt indicating a patent 
foramen ovale (p=0.04).

Ove ra ll P ro g re ssio n  o f  D em entia

The expected progressive deterioration in cognition 
and function over 2 years was observed (Figure 2). Over-
all, there was an increase in scores on the ADAS-Cog, by 
a mean of 10.2 (95% confidence interval [CI]=7.2–13.3), a 
decrease in scores on the MMSE, by a mean of 5.5 (95% 
CI=4.2–6.8), and an increase in scores on the Interview 
for Deterioration in Daily Living Activities in Dementia, 
by a mean of 38.3 (95% CI=28.5–48.1) (p<0.001). The rate 
of progression was similar in Alzheimer’s disease and vas-
cular dementia patients; APOE4 genotype positivity had 
little influence.

Tab le  1 . Ca rd io vascu la r R isk  Fac to rs  in  A lzhe im e r’s  D isease  and  Vascu la r D em en tia  Pa tien tsa

Patient Groups

Risk Factor All Dementia (N=144)
Alzheimer’s Disease 

(N=84)
Vascular Dementia 

(N=60) Analysis

N % N % N % pb

Medical history
  Stroke 15 10 2 2 13 22 <0.001
  Transient ischemic attack 53 37 10 12 43 72 <0.001
  Stroke or transient ischemic attack 56 39 12 14 46 77 <0.001
  Myocardial infarction 10 7 7 8 3 5 0.44
  Angina 20 14 9 11 11 18 0.19
  Myocardial infarction or angina 26 18 13 16 13 22 0.34
  Diabetes 9 6 4 5 5 8 0.38
  Peripheral vascular disease 32 22 21 25 11 18 0.34
Smoking
  Ex-smoker 74 51 40 48 34 57 0.52
  Current smoker 20 14 13 16 7 12
Alcohol use (heavy)c 11 8 6 7 5 8 0.8
Current medication
  Antiplatelet drug 64 44 21 25 43 72 <0.001
  Acetylcholinesterase inhibitor 63 44 50 60 13 22 <0.001
Carotid artery stenosis >50% 19 13 7 8 12 21 0.03
APOE genotype (% with APOE4 allele) 79 55 47 64 32 55 0.28
Blood pressure
  History of hypertension 56 39 27 32 29 48 <0.05

Mean SD Mean SD Mean SD p
  Systolic (mm Hg) 139 26 138 24 139 29 0.81
  Diastolic (mm Hg) 79 15 80 15 78 15 0.44
Lipid levels (mmol/liter)d

  Total cholesterol 5.3 1.0 5.5 1.0 5.2 1.1 0.08
  Low-density lipoprotein cholesterol 3.2 0.9 3.2 1.0 3.1 0.9 0.31
  High-density lipoprotein cholesterol 1.4 0.4 1.4 0.4 1.3 0.4 0.18
a	The mean (range) body mass index for the dementia, Alzheimer’s disease, and vascular dementia groups, respectively, was as follows: 23.7 

(15–37), 23.5 (16–37), 24.1 (15–36).
b	Values indicate comparisons between Alzheimer’s disease patients and vascular dementia patients.
c	Heavy use was defined as a weekly consumption of >21 units for men and >14 units for women.
d	The geometric mean (range) triglyceride level for the dementia, Alzheimer’s disease, and vascular dementia groups, respectively, was as fol-

lows: 1.38 (0.5–4.3), 1.38 (0.5–3.8), 1.39 (0.6–4.3).
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number of emboli divided by the number of transcranial 
Doppler sessions) was 0.27 (range=0.09–11.3). The ranking 
based on the number of emboli detected per Doppler ses-
sion was significantly correlated with cognitive deteriora-
tion over 2 years as indicated by scores on the ADAS-Cog 
(rs=0.28, p=0.008), Interview for Deterioration in Daily Liv-
ing Activities in Dementia (rs =0.36, p<0.001), and Neuro-
psychiatric Inventory (rs=0.42, p<0.001). However, when 
this was repeated including only the smaller number of 
emboli-positive patients, the correlations with scores on 
these measures failed to approach statistical significance.

Pa ten t Fo ram en  O va le  and  P ro g re ssio n  o f  D em entia

Patent foramen ovale was detected in 37 (26%) demen-
tia patients. The effect of patent foramen ovale on the pro-
gression of dementia was investigated using generalized 
estimating equation analysis, and no significant associa-
tion with scores on the ADAS-Cog, MMSE, or Neuropsy-
chiatric Inventory was found. However, functional decline 
was greater in patients with patent foramen ovale, with a 

spectively, in cerebral emboli-negative patients (p=0.003 
[data adjusted for all confounders are shown in Figure 3]).

Fun c tio na l d e c lin e . In patients who were cerebral emboli-
positive, scores on the Interview for Deterioration in Daily 
Living Activities in Dementia showed more rapid cognitive 
deterioration (p=0.008), with a mean increase of 59.0 (95% 
CI=40.1–78.0) in these patients, compared with only 17.9 
(95% CI=6.1–29.8) in emboli-negative patients.

Behav io ra l and  p sy cho lo g ic a l s ym p tom s. Patients who 
had cerebral emboli also showed significantly greater de-
terioration as indicated by Neuropsychiatric Inventory 
scores, with a mean increase in score of 12.0 (95% CI=5.7–
18.4) in these patients, compared with a mean decrease in 
score of -3.8 (95%=-7.3 to -0.4) in those with no cerebral 
emboli (p<0.001).

Is  The re  a  Do se  E ffe c t?

For those patients with emboli detected at any time 
during the study, the mean number of emboli (the total 

Tab le  2 . D em og raph ic  and  C lin ica l Charac te ristic s  o f  A lzhe im e r’s  D isease  and  D em en tia  Pa tien ts  W ith  and  W ithou t Spon -
taneou s Ce reb ra l Em bo li

Characteristic
Cerebral Emboli Absent 

(N=79)
Cerebral Emboli Present 

(N=63) Analysis

N % N % p
Male 42 52 33 52 1.0
Carotid disease
  >50% 11 14 8 13 1.0
  >70% 0 1 2 0.44
Venous-to-arterial circulation shunt
  Significant (patent foramen ovale) 15 18 22 35 0.04
  Major (large shunt) 5 6 9 14 0.18
Myocardial infarction or angina 12 15 14 22 0.35
  Myocardial infarction 5 6 5 8 0.75
  Angina 10 12 10 16 0.54
Stroke or transient ischemic attack 32 40 26 41 0.97
  Stroke 7 9 8 13 0.61
  Transient ischemic attack 30 37 23 36 1.0
Peripheral vascular disease 19 24 13 21 0.84
Diabetes 7 9 2 3 0.32
Smoker (current) 11 14 9 14 1.0
Antiplatelet treatment 29 36 35 56 0.03

Mean SD Mean SD p
Age (years) 75.7 7.2 75.7 7.4 1.0
Mini-Mental State Examination 20.6 6.3 21.2 6.2 0.60
Alzheimer’s Disease Assessment Scale-Cognitive 25.1 13.3 23.0 13.4 0.35
Interview for Deterioration in Daily Living Activities in Dementia 84.2 40.5 82.6 44.4 0.82
Neuropsychiatric Inventory 18.7 13.3 17.2 14.9 0.52
Blood pressure
  Systolic (mm Hg) 135.2 21.6 143.2 30.2 0.09
  Diastolic (mm Hg) 80.2 15.7 77.9 14.3 0.38
Lipid levels (mmol/liter)a

  Total cholesterol 5.32 1.00 5.36 1.07 0.84
  High-density lipoprotein cholesterol 1.42 0.41 1.37 0.36 0.50
  Low-density lipoprotein cholesterol 3.13 0.89 3.23 1.01 0.51
a	The geometric mean (range) triglyceride level for patients with and without spontaneous cerebral emboli, respectively, was as follows: 1.35 

(0.5–3.4) and 1.41 (0.6–7.3).
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tive decline over 2 years between dementia patients with 
and without spontaneous cerebral emboli is similar to the 
annual decline in Alzheimer’s disease (23–25), which sug-
gests a potential for clinically meaningful effect if emboli 
were causative and could be inhibited.

We were unable to confirm a dose effect for cerebral 
emboli. Possibly, the duration of transcranial Doppler 
monitoring over the study period (mean=5.5 hours over 24 
months) was insufficient to detect such an effect. In 48/63 
(76%) patients, we detected emboli in only one moni-
toring session, which is consistent with a previous study 
of patients with severe carotid artery disease who were 
monitored for 5 hours (26). Nevertheless, the presence or 
absence of spontaneous cerebral emboli significantly pre-
dicted the progression of clinical dementia.

Atherosclerosis of the aorta, carotid arteries, and cerebral 
arteries is perhaps the most likely source of cerebral embo-
li. Emboli may also arise in the heart or paradoxically from 
the venous blood circulation in patients with a patent fora-
men ovale (27, 28). Atherosclerosis of the carotid arteries is 
associated with an increased risk (29) and faster progres-

mean increase in score of 46.7 on the Interview for Dete-
rioration in Daily Living Activities in Dementia for these 
patients, compared with 35.7 for those with no patent fo-
ramen ovale (p=0.002).

D iscu ssion

The presence of spontaneous cerebral emboli in pa-
tients with dementia was associated with a more rapid 
cognitive and functional decline and an overall increase in 
behavioral and psychological symptoms over 2 years. This 
confirms our initial results for assessments over a 6-month 
period (23). The occurrence of cerebral emboli and their 
effect on the rate of progression of dementia were similar 
in Alzheimer’s disease and vascular dementia patients.

The cognitive decline observed in our dementia patients 
was similar to that observed in clinical trials in Alzheimer’s 
disease (24, 25). These studies also report a considerable 
interindividual variability in the progression of dementia. 
Our study suggests that cerebral emboli may explain at 
least some of this variability. The difference in the cogni-

Figure  2 . P ro g re ssion  o f  D em en tia  O ve r 2 4  M on th s in  Pa tien ts  W ith  A lzhe im e r’s  D isease  o r Vascu la r D em en tia a
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a	A generalized estimating equation model was used, with exchangeable correlation structure and time as a categorical/continuous factor. 
Abbreviations: AD=Alzheimer’s disease; VaD=vascular dementia.
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operative emboli formation and cognitive deficits (35). This 
mechanism may be of special significance in older people, 
since microglia in the aged or diseased brain switch their 
phenotype to produce neurotoxic molecules in response 
to systemic inflammation or other disturbances of brain 
homeostasis (36, 37). Cerebral emboli-induced repetitive 
low-grade ischemia in the cerebral microcirculation may 
potentially be a trigger for microglial activation and in-
flammatory brain injury leading to dementia.

Lim ita tio n s

Although our recruitment target was not achieved, the 
detection rate for spontaneous cerebral emboli was higher 
and the deterioration in cognitive functioning in demen-
tia was more rapid than we predicted. We adjusted for the 
use of cholinesterase inhibitors, antiplatelet medication, 
and statin therapy but not other medications, such as 
benzodiazepines, hypnotics, anticholinergics, or antipsy-
chotics. We minimized potential bias in detecting cerebral 
emboli by recording transcranial Doppler sessions for 

sion (30) of dementia. However, severe carotid disease was 
infrequent in our dementia patients, and cerebral emboli 
were not associated with this disease. Atherosclerosis of the 
circle of Willis has also been associated with Alzheimer’s 
pathology in some (31) but not all (32) studies. However, it 
is not possible to detect emboli in the circle of Willis.

In our study, cerebral emboli were associated with sig-
nificant venous-to-arterial circulation shunt, indicating 
a patent foramen ovale. Paradoxical embolization may 
therefore be a cause for some, but by no means all, cere-
bral emboli in dementia patients. Patent foramen ovale 
was also associated with a more rapid decline in activities 
of daily living in dementia patients, which is consistent 
with findings in our previous study, in which patent fora-
men ovale was associated with the severity of white matter 
lesions on MRI scans in Alzheimer’s disease patients (33), 
suggesting a thromboembolic etiology for at least some of 
these white matter lesions (34).

It is possible that the inflammation associated with ma-
jor surgery and cardiopulmonary bypass may lead to intra-

Figure  3 . E ffe c t o f  Spon taneous Ce reb ra l Em bo li on  D em en tia  P ro g re ssion  in  Pa tien ts  W ith  A lzhe im e r’s  D isease  o r Vas-
cu la r D em en tia a
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a	A generalized estimating equation model was used, with exchangeable correlation structure and with time and spontaneous cerebral emboli 
and their interaction as categorical factors. The regression modeling was adjusted for age, sex, type of dementia, and age at onset as well as 
APOE4 positivity and additional confounders significant at the 10% level.
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technologists who had no knowledge of the underlying di-
agnosis or clinical outcomes. The number of transcranial 
Doppler sessions may have been insufficient to measure 
a dose effect, and some dementia patients with cerebral 
emboli may have been wrongly allocated emboli-negative 
status in this study.

Conc lu sion s

The presence of spontaneous cerebral emboli was as-
sociated with a more rapid progression of dementia over 
2 years in both Alzheimer’s disease and vascular dementia 
patients. Cerebral emboli are potentially preventable and 
could be a novel target for the prevention and treatment of 
dementia. Population studies to explore whether cerebral 
emboli predict the onset of dementia in elderly people at 
risk of developing dementia are required.
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