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A New Protocol for
Quantifying CD34* Cells

in Peripheral Blood of Patients
with Cardiovascular Disease

increasing evidence points to a role for circulating CO34-positive (CD34%+) cells in vascular
maintenance and neovascularization. Although there are estabiished methods for evalu-
ating absolute numbers of CD34+ cells in bone marrow or mobilized peripheral blocd,
there is no convenient and highly reproducible methed for quentifving low numbers of
CD34+ cells 1n blood samples, such as those from the perpheral bicod of patients with
cardiovascular disease. With current commonly used methods, the mean percentage of
CD34+ cells in leukocyte fractions from such patients was only 0 02%, and the cumulative
intra-assay coefficient of varniation was ~30%. With use of tha protoce! descrbed heren,
actual counts of CD34% cells increased ~5-fold and cumulative intra-assay coefficients
of variation were reduced to ~7%. The new method is usetul 1o precisely measure low

numbers of CD34+ cells in samples, and it has potentiat as a screening tool to evaluate
cardiovascular nisk in large patient populations. {Tex Heart Inst J 2006;33:427-9)

n vasculature maintenance and neovascularization, there is increasing evidence of
arole for circulating endothelial progenitor cells (EPCs)—including the popula-
tions of CD34-positive (CD34%) cells that are present in peripheral blood. As a
source of numerous growth and angiogenesis factors at ischemic loci, CD34% cells
also contribure to vascular homeostasis.” Furthermore, inital dinical wials of ¢l
rransplantation in treating ischemia of the hind limb ' and myocardium- have shown
promising results. On the basis of these observations, circulating EPCs* and CD34+
cells’ have been evaluated in patients with cardiovascular discase, and strong cor-
relations of their levels with vascular function have been reported. However, proce-
dures to evaluate EPCs and CD34% cells are not simple’; because of low numbers of
circulating CD34* cells, routine FACS (fluorescence-activated cell sorter) analysis™
of CD347* cell counts in patients with cardiovascular discase is not feasible. In this
report, we demonstrate a new method that facilitates determination of the absolure
number of circulating CD34* cells in patients with low levels of CII34+ cells.

Patients and Methods

This study was approved by the Human Assurance Commitiee of the National Car
diovascular Center and Osaka Minami Medical Center, and all subjects provided
written informed consent. Results of experiments are reported as mean + standard
error.

Analysis of Peripheral Blood
‘Three milliliters of heparinized peripheral blood were obrained from 20 parients who
had histories of cardiovascular disease: 14 had sustained myocardial infarction, and 9
had sustained cerebral infarction (3 had histories of both). Paticnts who had experi-
enced vascular events within 30 days of measurement were excluded. The study group
included 12 men and 8 women, with a mean age of 74 + 1.7 vears (range, 59-87
vr). Medicines taken by study subjects included dntlcoaoulantﬂ {aspirin, 17); anti-
hiypertensive agents, inc udmg calcium-channel antagonists, angiotensin-converting
enzyme (ACE) inhibitors, or both (14); and sulfonylureas for glycemic control (5).
Patients who were taking HMG-CoA reducrase inhibitors (starins) were excluded
from the study.

First, we counted circulating CD34+ cells with ProCount™ (BD Bioscience; San
Jose, Calif) and Stem-Kit™ (Beckman Coulter; Marseilles, France), according to the
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manufacturers’ protocols. {These protocols are based
on International Society of Hematotherapy and Graft
Engineering (ISHAGE) Guidelines” and are frequently
used for quantification of CD34* cells that have mo-
bilized into peripheral bloed.) Next, to increase the
reproducibility of CD34* cell counts, the Stem-Kit
protocol was modified as follows: the blood sample
volume, antibodies, and lysing solution were doubled.
After adding 30 pL of internal control particles (stem
count: Beckman Coulter), samples were centrifuged for
5 min at 450 G, and 3,860 pL of supernatant was re-
moved carefully with a pipette. Samples were analyzed
by Coulter CYTOMICS™ FC500 & XL-system I
software (Beckman Coulter) for 6 min each (Fig. 1).

Results

Increase of CD34+ Cell Counts

The mean percentage of CD34+ cells in the leukocyte
fraction obtained from mobilized peripheral blood has
been reported to be about 0.2% to 0.5%. First, we
used the ProCount and Stem-Kit protocols to count
circulating CD34% cells that had been obtained from
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patients with cardiovascular disease (Table T). The mean
percentages of CID34+ cells in the leukocyte fraction
were 0.024% =+ 0.003% (range, 0.012%-0.046%) for
ProCount and 0.021% =% 0.001% (range, 0.011% -
0.032%) for Stem-Kit. The actual CD34+ cell counts
per analysis were only 16 % 1 (range, 10-31) for Pro-
Countand 34 * 4 (range, 16-58) for Stem-Kit. Because
the absolute cell count is a major factor in the reproduc-
ibility of the measurement,* our approach was to modify
the original protocol in order to obtain higher numbers
of actual CD34% cells per count. However, simply in-
creasing sample volume or measurement time does not
improve reproducibility, because of these factors: adhe-
sion of internal control particles to cells in the patient
sample, and precipitation and aggregation of cells in
the sample. Our approach, as outlined under Meth-
ods, was to seck a method that produces higher cell
counts while maintaining short measurement times.
Through the use of our method, the mean CD34+ cell
count increased to a level of 174 * 18 (range, 88—404)
per analysis, and the mean percentage of CD347 cells
in the leukocyte fraction was 0.019 £ 0.002 (range,
0.014%-0.038%), which was consistent with measure-
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Fig. 1 Quantification of circulating CD34+ cells by fluorescence-activated cell sorter analysis using our modified, improved protocol.

A} All events: 7-aminoactinomycin-D viability dye-positive cells {dead ceils} were excluded from region A. B} Events from region A: All
CD45+ cells (leukocytes} were included in region B. Region C was adjusted to include only lymphocytes (bright CD45, low side-scatter).
CJ Events from regions A and B: Region D was adjusted to include CD34+ hematopoietic progenitor celfs (HPC). D Events from regions
A, B, and D: Region £ was adjusted to include cells forming a cluster with characteristic CD34+ HPC (low side-scatter and low-to-
intermediate CD45 staining). Brightly stained events were excluded from region E. EJ Events from regions A and C: Region F was ad-
justed to include lymph/blast cells, excluding platelet aggregates if present. F) Events from A, B, D, and E: Lymph/biast region F identi-
fied a cluster of events that met all the fluorescence and light-scattering criteria of ISHAGE Guidslines for CD34+ HPC. G) All events:

Region G was adjusted to enclose the internal control.

JAAD = 7-aminoactinomycin-D; CD34 PE = cluster of differentiation 34 phycoerythrin; CD45 FITC = cluster of differentiation 45 fluores-
cein isothiocyanate; FS Lin = forward-scatter linear scale; ISHAGE = International Society of Hematotherapy and Graft Engineering; SS

Lin = side-scatter linear scale
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TABLE 1. Reduction in the Coefficient of Variation Using Our Modified, Improved Protocol for Determining CD34+

Cell Levels in Peripheral Blood

ProCount Stem-Kit Improved Protocol
Actual CD34+ cell counts 16+ 1 34+4 174 £ 18
Range 1031 16-58 88404
CD34+ cells in leukocytes (%) 0.024 + 0.003 0.021 £ 0.001 0.019 + 0.002
Range 0.012-0.046 0.011-0.032 0.014-0.038
Circulating CD34+ celis 0.82+ 0.05 0.81 £ 0.06 0.88+ 0.06
{celis/uL)
Cumuiative intra-assay 30.3 25.7 7.4

coefficient of variation (%)

ments using the standard method (Table I). The super-
natant that was removed during the procedure was also
analyzed and was found not to contain either cells or
internal control particles.

Improvement in the Cumulative

Intra-Assay Coefficient of Variation

In mobilized peripheral blocd, the coefficients of varia-
tion have been reported to be about 8% and 4% using
ProCount and Stem-Ki, respectively, on the basis of
the manufacturers’ published information. However, in
non-mobilized peripheral blood of patients with cardio-
vascular disease, the mean percentage of CD34+ cells
in the leukocyte fraction was less than 10%, compared
with mobilized blood, and the calculated cumularive
intra-assay coefficients of variation were 30.3% and
25.7%, as evaluated by ProCount and Stem-Kir, re-
spectively. Our method increased the absolute number
of CD34+ cells by about 5-fold during the same mea-
surement period, and it resulted in a reduced (7.4%) cu-
mulative intra-assay coefficient of variation (Table I).

Discussion

Although our modified method for quantifying CD34+
cells in blood was similar to established methods for the
calculation of mean circulating CD34™ cell counts, our
method substantially improved reproducibility of the
measurement.

The coefficient of variation of CD34* cell counts is
inversely proportional to the square root of the number
of CD34% cells detected in the sample. A minimum of
100 CD34* cells is required to ensure a coefficient of
variation in the range of 10%.* Our modified proto-
col yielded more than 100 CD34+ cells in each count
{confirmed by duplicate counting), and the coefficient
of variation was reduced to 7%. Simply increasing the
sample volume or lengthening the time for measure-
ment of cell numbers does not necessarily improve re-
producibility of the counts.® Our results indicate that

absolute numbers of circulating CD34* cells in periph- -

eral blood of patients who have low levels of such cells

Texas Heart Institute Journal

can now be quantified precisely using a modification
of the ISHAGE protocol. This easy method enables
precise measurement of the CD34+ cell popularion of
stem cells in peripheral blood and can be broadly ap-
plied to screening patients for cardiovascular risk.
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Abstract

Background and Purpose: Severe atheroma =4 or5mm
of the aortic arch is a risk factor for stroke. We investi-
gated the most predictive characteristics of arch athero-
ma, including maximal plaque thickness, for subsequent
cardiovascular events, and also examined whether mod-
erate atheroma<4 mm is a risk of cerebral emboli. Meth-
ods: The maximal plaque thickness (MPT) and plaque
morphologies of the aortic arch were evaluated by trans-
esophageal echocardiography in 236 patients with isch-
emic stroke. We assessed the relationship between the
incidence of cardiovascular events, recurrent stroke or
myocardial infarction, and the characteristics of the ath-
eroma. We also investigated the thickness of atheroma
in patients with known causes of stroke (n = 148) and in
patients with undetermined causes {(n = 19). Resulis:
Cardiovascular events occurred in 47 patients in the fol-
low-up period with a mean of 3.5 years. MPT was a sig-
nificantrisk factor ofthe cardiovascular events, although
plague morphologies were not. For the receiver opera-
tor characteristics curve analysis, the suitable cutoff
point of MPT associated with the cardiovascular events
was 3.5 mm. Patients with MPT =3.5 mm had a higher

risk of cardiovascular events than did those with MPT
<3.5mm. In addition, aortic atheroma with MPT
=3.5 mm was more frequently observed in patients
with undetermined causes of stroke than those with
known causes at 68 vs. 39% (p = 0.024). Conclusions: MPT
=3.5 mm is the best predictor of subsequent cardio-
vascular events and a possible cause of embolic stroke.
T Copyright 0 2006 S. Karger AG, Basel

Aortic arch atheroma in patients with stroke, which is
generally diagnosed using transesophageal echocardiog-
raphy (TEE), is one of embolic sources. Several studies
indicated that aortic arch atheroma is an important inde-
pendent risk factor for stroke or vascular events. In these
studies, thick atheroma, the presence of ulcerative or mo-
bile plagues along the aortic arch or plaque extension to
the branches was found 1o be associated with stroke [1-9].
However, the definition of thick atheroma related 1o isch-
emic stroke varies among these studies. Amarenco et al.
[1] reported in a prospective case control study that the
odds ratio for cerebral infarction increased with plague
thickness. especially for a thickness of 4 mm or more.
Tunick et al. [4] reported in a prospective case control
study that protruding = 5 mm or mobile atheroma in the
aortic arch was a predictor of vascular events. Toyoda et
al. [8] defined aortic atheroma >3 mm with an irregular
surface or broad acoustic shadow 10 be an echographi-
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cally significant lesion and showed that it has high sensi-
tivity and specificity for permitting detection compared
with histopathologically complicated lesions. However,
most of these studies defined severe atheroma as a maxi-
mal intima-media thickness =4 mm,

Patients with embolic stroke may have only aortic ath-
eroma less than 4 mm in thickness and no other embolic
sources such as atrial fibrillation, right-left shunt or ste-
nosis of the extracranial or intracranial artery. Even mod-
erate atheroma less than 4 mm in thickness may be a
possible risk of stroke. None of the previous studies eval-
uated the detailed thickness of aortic arch atheroma as a
risk of stroke. The aims of our study were to delermine
the characteristics of arch atheroma including the plague
thickness, which have the most predictive value {or the
occurrence of ischemic stroke and other vascular events
in patients with ischemic stroke, and to evaluate the clin-
ical importance of these plagues as possible sources of
cerebral emboli.

Methods

Between January, 1997, and July, 1999. we performed TEE in
296 Japanese stroke patients. all of whom were admitted into our
institute. for extracranial embolic sources such as intracardiac
thrombus and complicated atherosclerotic lesions in the aortic
arch. Sixty (20.3%) of them were excluded {from the study. since
they were immediately lost on follow-up (n = 49) or full data were
not available (n = 11). The study group comprised 236 patients,
163 men and 73 women with 64.3 £ 12.0 (mean + SD) years of
age.

We performed contrast TEE using a commercially available
Model SSD-2200 real-time two-dimensional echocardiography sys-
tem (Aloka, Tokyo) equipped with a 5.0-MHz phased array omni-
plane transesophageal transducer variable from 3.5 to 7.5 MHz.
We evaluated the maximal plaque thickness of the aortic arch in
the short-axis view (MPT). the presence of any mobile. ulcerative
or calcifled plaque along the aortic arch, and right-left shunts using
TEE. Ulcerative plaque was defined (o be the presence of surface
defects showing a depth and length of 2 mm or more. Calcified
plaque was defined to be focal increase in echo density within the
aortic plaque combined with a broad acoustic shadow. Regarding
right-left shunts, we first inspected the left atrium for debris appear-
ing in its inside during the Valsalva maneuver and after release of
the maneuver without any contrast medium. Next, the contrast
medium, the mixture of 9 ml saline and 1 mi air, was infused into

' (he right antecubital vein during the Valsalva maneuver. When the
right atrium was opacified by the contrast medium as seen on the
monitor. we asked patients to release (he Valsalva maneuver. When
contrast medium different from the debris was found in the left
atrium after the release of the Valsalva maneuver. we diagnosed it
to be the sign of right-left shunt.

The information obtained at the time of baseline TEE for each
patient included their age. gender, referring diagnosis. history of

Moderate Atheroma of the Aortic Arch

Table 1. Clinical diagnoses of the study patients

Clinical diagnosis

Cardiogenic 81(34.3)
Atherothrombotic 45(19.1)
Lacunar 22(9.3)
TIA 5422.9)
Other causes of stroke 34 (14.4)
Dissection of cerebral artery 7
Coagulopathy 2

Complication of conventional angiography i
Movamoya disease 1
Unknown 23

]

carotid artery or ipsilateral intracranial artery 19

Figures in parentheses are percentages.

hypertension, diabetes, hyperlipidemia. heart diseases of potential
embolic sources such as atrial fibrillation, congestive heart lailure.
cardiopathy or valvular diseases. and finally carotid stenosis and
intracranial artery stenosis. Carotid stenosis was evaluated by ul-
trasound sonography using a Model Sonws S500 duplex color-cod-
ed ultrasonographic device {(Philips Medical Systems. Massachu-
setts) equipped with a 7.5-MHz transducer. and intracranial steno-
sis was evaluated by magnetic resonance angiography or digital
subtraction angiography. The percentage stenosis of arterial diam-
eter was calculated by dividing the narrowest linear diameter at the
stenotic segment by the distal diameter at the normal-looking ves-
sel. In all patients. the follow-up information comprised the occur-
rence ol cardiovascular events such as recurrent ischemic stroke or
myocardial infarction during the period after TEE. therapeutic
variables including anticoagulation or antiplatelet agents. and the
occurrence and cause of death. The follow-up information was ob-
tained by reviewing the patients’ medical records until December,
2002 (n = 206) or by telephone interview (n = 30). When patients
could not come to our hospital for more than 3 months, such as
because of their removal or discontinuation of visits to our outpa-
tient chinic, we determined their status by telephone imterview with
them or their family toensure the survival of the patients. Themean
follow-up period was 3.5 years (42 + 13 months).

We investigated the relationship between the characteristics of
the aortic arch atheroma and the occurrence of cardiovascular
events, using two-tailed t tests for the comparison of means. For
the comparison of proportions. we used x2 tests. which were re-
placed by Fisher’s exact tests when the expected cell count was <§.
We also used Cox proportional hazards analysis to assess the con-
(ribution of clinical and echocardiographic variables to the devel-
opment of cardiovascuiar events. Receiver operator characteristics
(ROC) curve analysis was used to establish a suitable cutofl point
of MPT which was related to the cardiovascular events. cumulative
event-free rates for the time until a cardiovascular event occurred
were estimated by the Kaplan-Meyer product Liinit method, and
the 2 groups with MPT cutoff points were compared by the log-rank
test.

Cerehrovase Dis 2006:21:26-21 27

-115-



Table 2. Univariate analyses comparing patients with and without cardiovascular events

Total Cardiovascular  No event p value
(1 =236) event (n = 47) (n=189)
Age, years 64.3+120 68.6+11.0 63.2+120 0.006
Gender (male/female) 163/73 28/19 135/54 0.12
Atrial fibnllation 89 (38) 26 (45) 63(33) 0.15
Right-left shunt 60 (25) 9(19) 5127) 0.25
Diabetes 69 (29) 13(28) S6(28) 0.79
Hypertension 156 (66) 35(74) 121 (83) 0.18
Hyperlipidemia 106 (45) 25(53) 81(53) 0.21
Carotid stenosis = 50% 37(16) 11(23) 26 (14) 0.10
Cranial artery stenosis = 50% 47 (20) 12 (26) 35(19) 0.28
Antiplatelet therapy 134 (57) 30 (64) 104 (55) 0.28
Anticoagulation therapy 100 (42) 18 (38) 82 (43) 0.53
Characteristics of aortic atheroma
MPT, mm 32+1.7 3818 3016 0.009
Ulcerative plaque 24 (10) 8(17) 16 (8) 0.08
Calcified plaque 15 (6) 3(6) 12 (6) 0.99
Mobile component 42) 1(2) 32 0.99

Figures in parentheses are percentages.

Following this. we also investigated the relationship between the
characteristics of aortic arch atheroma in patients with a known
cause ol cerebral mfarction and in those with an undetermined
cause. A patient with cerebral infarction of known cause was de-
fined to be one who was diagnosed to have lacunar infarction, car-
dioembolic infarction or atherothrombotic infarction on the basis
of typical onset, topography. the size of the infarct, and known risk
factors[10, 11]. Patients with transient ischemic attack (TIA) were
excluded. A patient with cerebral infarction of undetermined cause
was defined to be one who was not classified into lacunar infarction,
cardioembolic infarction. atherothrombotic infarction or TIA, had
no heart disease as a potential embolic source, including atrial fi-
brillation, patent foramen ovale, congestive heart failure, cardi-
opathy or valvular diseases, or had no ipsilateral carotid stenosis
of 30% or more, ipsilateral intracranial artery stenosis or coagu-
- lopathy (table 1). Two-tailed t tests were used for the comparison
of means and Fisher’s exact test was for the comparison of propor-
tions. Multiple logistic-regression analysis was performed to com-
pare the prevalence of aortic arch atheroma in patients with cere-
bral infarction of known cause with that in patients with cerebral
infarction of undetermined cause. The data were analyzed using
StatView software, where a probability value <0.05 was considered
to indicate statistical significance.

Resuits

There were no significant differences in age, gender,
cardiovascular risk factors, echocardiographic variables,
and therapeutic variables between the study group and
the patienls who were immediately lost on follow-up.
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Table 3. Multivariate analysisused to predict cardiovascular events
(n=236)

Variable HR 95% CI p value
Age 1.04 1.00-1.07 0.03
Gender (female) L.75 0.96--3.15 0.06
MPT 1.07 0.87-1.29 0.51
Ulcerative plaque 1.37 0.59-2.56 0.45
Carotid stenosis =50% 1.48 0.69-3.14 0.30

Clinical characteristics of the study group are shown in
table 2. Cardiovascular events occurred in 47 patients at
5.2%/person-years for 44 with recurrent stroke and 3 with
myocardial infarction. MPT was <3.0 mm in 107 pa-
tients, 3.0~3.4 mm in 32 patients, 3.5-3.9 mm in 26 pa-
tients. 4.0-4.4 mm in 27 patients, 4.5-4.9 mm in 15 pa-
tients, and =5.0 mm in 29 patients. Increased MPT was
a significant risk factor for cardiovascular events (table
2). Ulcerative, calcified, and mobile plaques were found
in 24 (10.2%), 15 (6.4%), and 4 (1.7%) patients, respec-
tively, but such plague morphologies were not related to
the cardiovascular events. Risk factors for cardiovascular
events with p< 0.15 on univariate analyses were entered
into a multivariate Cox proportional hazard model. Age
was the only independent factor which contributed to the
cardiovascular events (table 3), and MPT and age showed
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Table 4. Multivariate analysis used to predict cardiovascular events
in elderly patients with 65 years of age or older (n = 130)

Variable HR 95% CI p value
MPT =35 mm 2.40 1.07-5.38 0.03
Age 1.08 1.01-1.15 0.03
Gender, female 1.98 0.98-4.01 0.06

Table 5. Univariate analyses comparing stroke patients with known
causes and those with undetermined causes

Known Undetermined p value

(n = 148) (n=19)
Age, years 65.0+£105 672zx11.6 0.38
Gender, male/female 98/50 14/5 0.61
MPT =3.5mm 57(39) 13(68) 0.02
Ulcerative plaque 13(9) 1(5) 0.99
Calcified plaque 9(6) 1(5) 0.99
Mobile component 2(14) 0(0) 0.99

Figures in parentheses are percentages.

astrong correlation by using quadratic regression analysis
(p<0.001). In the ROC curve analysis obtained using the
cardiovascular event rates of each 0.5 mm MPT, the suit-
able cutoft point of MPT was 3.5 mm with a sensitivity
of 57% and specificity of 63%. Patients with MPT
= 3.5 mm had a higher risk of cardiovascular events (haz-
ard ratio [HR], 2.10; 95% confidence interval [CI], 1.18-
3.74; p = 0.012). Next we focused on the subgroup of 130
patients with 65 years of age or older, in which 32 devel-
oped cardiovascular events (29 with recurrent ischemic
stroke and 3 with myocardial infarction). In these elderly
patients, MPT = 3.5 mm was a significant risk factor for
cardiovascular events even after adjusting for age and sex
(HR, 2.40;,95% CI, 1.07-5.38; p=0.034; table 4). Kaplan-
Meyer curve analysis revealed a significant difference in
the event-free survival between elderly patients with ath-
eroma of MPT = 3.5 mm and those without (fig. 1).
There were 148 patients with 65.0 = 10.5 years of age
composed of 98 men and 50 women with a known cause
of stroke who were diagnosed to have cardioembolic in-
farction (81 patients), atherothrombotic infarction (45
patients) or lacunar infarction (22 patients), and 19 pa-
tients with 67.2 = 11.6 years of age composed of 14 men
and 5 women with undetermined causes of embolic stroke
who had no heart diseases as a potential embolic source.

Moderate Atheroma of the Aortic Arch
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Fig. 1. Kaplan-Meyer curves showing that a significantly lower pro-
portion of patients with MPT = 3.5 mm (solid line) remained free
of new cardiovascular events (p = 0.02. log-rank test) in elderly pa-
tientsaged 65 years old or more (n = 130). The dashed line indicates
MPT <3.5 mm.

ipsilateral carotid stenosis, ipsilateral intracranial artery
stenosis or coagulopathy at the time of baseline TEE. In
the group with undetermined causes, the MPT was
<3.0 mm in 5 patients, 3.0-3.4 mm in 1, 3.5-3.9 mm in
5,40-44mmin 3, 45-5.0mmin2, and 5.0 mmin 3
patients. Aortic arch atheroma with MPT = 3.5 mm was
more frequently observed in patients with undetermined
causes ol stroke than in those with known causes at 68
versus 39%, and the difference between the two groups
remained significant after adjusting for age and sex (p =
0.024; table 5). These two groups were not significantly
different in terms of age and sex. When aortic arch ath-
eroma was defined by another cutoft point, such as = 3.0,
=4.0, =4.5 or =5.0 mm, the significant difference be-
tween the two groups disappeared.

Discussion

Severe atheroma =4 or =5 mm along the gortic arch
is associated with a high risk of subsequent vascular
events, as shown in a study by the French Study of Aortic
Plagues 1n Stroke Group [2], Tunick et al. [4], and sev-
cral other studies. Qur follow-up study showed that mod-
crate atheroma between 3.5 and 4.0 mm also has an in-
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creased risk ol subsequent cardiovascular events. No oth-
er studies have examined the effect of critical thickness
of aortic atheroma on the occurrence of cardiovascular
events. The risk of aortic atheroma thickness <4 mm re-
mains unclear. We used ROC analysis to determine the
suitable cutoff point for aortic atheroma thickness which
1s associated with cardiovascular events, although the
sensitivity and specificity of the ROC curve were not suf-
ficiently high because of the contributions of many other
risk factors. The plaque thickness was strongly associated
with age. However, MPT = 3.5 mm was an independent
risk factoreven after adjusting for age in patients 65 years
of age orolder. We believe that the cutoff point 0of 3.5 mm
is an important index of extracranial atherosclerosis,
which may be associated with subsequent cardiovascular
events, especially in elderly patients with a history of isch-
emic stroke.

During the determination of aortic atheroma thick-
ness, which may be critical for the association of cardio-
vascular events, race and ethnic differences should be
taken into account. Most previous data regarding the re-
lationship between aortic atheroma and stroke was de-
rived from white populations. Gupta et al. [12] showed
that white people tend to have increased complex plaques
and plaques >4 mm thick along the thoracic aorta com-
pared with African-Americans. Di Tullio et al. [13] re-
ported on aortic atheroma morphology and the risk of
stroke in a multiethnic population composed of whites,
blacks, and Hispanics. However, few studies have de-
scribed the differences in terms of aortic arch atheroscle-
rosis between Asian and Caucasian populations. Angio-
graphic and autopsy studies on stroke patients have
shown that Japanese, Chinese, and Koreans tend to have
more intracranial vascular lesions, whereas Caucasians
tend to have more extracranial lesions [14~18]. Japanese
may show less prevalence of severe aortic atheroma than
do Caucasians, or smaller plaques may be more of a risk
for vascular events in Japanese than in Caucasians.

In this cross-sectional study, we showed that aortic
atheroma of MPT = 3.5 mm is more frequently observed
in patients with undetermined causes of stroke than those
with known causes. Five patients with undetermined
causes of strokes and MPT =3.5 mm developed recur-
rent ischemic strokes. Of them, 3 had recurrent embolic
infarction, the embolic source of which was not identified
other than aortic atheroma at the time of the second
event. These results suggest that aortic atheroma of
3.5 mm or more may be a direct source of thromboem-
boli. Several studies using transcranial Doppler showed
that embolic signals in the middle cerebral artery can be
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more frequently detected in patients with severe arch ath-
eroma than i those without severe arch atheroma [19-
21]. Severe atheroma along the aortic arch, therefore, can
be a source of cerebral emboli. Moderate atheroma such
as being 3.5-4.0 mm in thickness may also be a source of
emboli. Ulcerated plaques were found in one-third of the
aortic atheromas which were less than 4 mm in our study.
A small unstable atheroma can cause dynamic changes
such as plaque rupture and may cause cerebral embolism.
Amarenco et al. [5] and others suggested that ulcerative
plaques may be a cause of cerebral infarction. Mitusch et
al. [3]. Joneset al. [7] and others showed that mobile com-
ponents are also a risk factor of cerebral infarction. A fol-
low-up study by Cohen et al. [22] found that the risk of
cerebral infarction associated with an aortic plaque thick-
ness =4 mm is markedly increased by the absence of
plaque calcification. However, we could not find any di-
rect association between plaque morphology and stroke.
A possible explanation is that the present study included
fewer patients with ulcerative, mobile or calcified plaques
than did previous studies and therefore failed to find any
statistical differences in terms of such morphology.

The present study has several limitations. First, the
study was performed in a retrospective manner, and most
of the patients were originally recruited (o assess embolic
sources of the heart and thoracic aorta by TEE. The study
population tended to have more patients with cardioem-
bolic infarction and fewer patients with lacunar infarc-
tion than the general stroke population in our institution.
Patients with known severe carotid artery stenosis may
have been excluded from the study population. Thus, the
subjects in the present study may not be representative
of the general population of ischemic stroke. Second, the
follow-up information obtained by telephone interview
(13% of the study population) may not be highly accu-
rate.

In conclusion, maximal plaque thickness = 3.5 mm of
the aortic arch is a predictor of subsequent cardiovascular
events, especially in elderly patients with a history of isch-
emic stroke. Moderate atheroma with 3.5-4.0 mm in
thickness may also be a possible cause of embolic
stroke.
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