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of an abnormality on his 12-lead electrocardiog-

raphy. He was able to exercise regularly without
any symptoms. The 12-lead electrocardiography demonstrated
poor R progression and negative T waves in leads Va-s. Echo-
cardiography demonstrated preserved systolic function (left
ventricular ejection fraction 56%), but the anterior-septal wall
motion was mildly reduced. There was no valvular heart dis-
ease. A coronary angiography and a coronary multislice com-
puted tomography (Aquilion 64, Toshiba, Tokyo, Japan)'*
revealed an anomalous origin of the left anterior descending
artery (LAD) from the pulmonary artery. The markedly dilated
right coronary artery (RCA) and the left circumflex artery
(LCX), originating from the normal sinus of Valsalva, sup-
plied the LAD through an abundance of prominent collaterals
(Figure A Left,B). A right heart catheterization demon-
strated a left-to-right shunt, with oxygen step-up (4%) between
the right ventricular outflow tract and the pulmonary artery.
The pulmonary/systemic flow ratio (Qp/Qs) was estimated
to be 1.20. Myocardial perfusion scintigraphy (Multispect 3,
Siemens Medical Systems, Chicago IL, USA)* with 99 mTc-
sestamibi showed a decreased uptake from the anterior-sep-
tal lesion to the apex (Iigure €' Upper). Surgical correction
was performed by bypassing the LAD and ligation of the
anomalous origin (¥igure A Rright). Postoperative myocar-
dial scintigraphy showed recovery of myocardial perfusion in
the LAD territory (Figure C Lower). Although the patient
has been well during the 6-month follow-up period, improve-
ment of electrocardiographic abnormality and mildly reduced
wall motion was still insufficient. Therefore, 2.5 mg/day of
enalapril was continued to promote left ventricular reverse
remodeling.

An anomalous origin of the left coronary artery arising
from the pulmonary artery is a rare congenital abnormality
affecting 1 in 300,000 live births, and accounts for 0.5% of
cases of congenital heart disease. Hypoperfusion occurs as
pulmonary arterial pressure diminishes after birth and flow
in the left coronary artery reverses. Perfusion of the anterior
wall is therefore dependent on the development of collat-
erals from the RCA. If surgical correction is not performed,
approximately 80-90% of affected infants will die due to
heart failure or sudden cardiac death during the first year of
life.*s

The chronic phase of this malformation is characterized
by considerable risk of death due to chronic myocardial
ischemia and/or sudden death. Survival to adulthood is un-
usual, and patients older than 50 years are rare.*” Previously,
only one elderly Bland—White—Garland syndrome patient
without any symptoms was reported by Ichikawa et al.® Sur-
gical repair was not performed on that patient. In the present
case, the LCX arose from the left sinus of Valsalva; thus per-
fusion of the lateral wall was preserved before surgical cor-
rection. Sufficient collateral flow from the RCA and LCX
to the LAD and minimal coronary steal into the pulmonary

!. 56-year-old man was referred to our hospital because
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artery might have masked symptoms in this patient. Fortu-
nately, mitral valve function was also preserved. However,
myocardial perfusion imaging clearly demonstrated serious
myocardial ischemia from the anterior-septal wall to the apex
of the left ventricle. ’

Currently, surgical intervention immediately after diag-
nosis, with the aim of repairing the abnormal coronary cir-
culation system, is considered the appropriate treatment for
Bland-White—Garland syndrome.” Improvement of left
ventricular function after successful re-establishment of
the coronary circulation has been consistently documented. "
In consistent with previous reports, recovery of myocardial
perfusion in the LAD territory was confirmed in the present
case after bypass of the LAD and ligation of the anomalous
origin.

Although asymptomatic Bland—White—Garland syndrome
is rare presentation in aduithood, especially in patients greater
than 50 years of age, awareness of this congenital abnormal-
ity is important. Surgical correction should be considered
even in asymptomatic patients, so as to prevent irreversible
damage to the myocardium and subsequent complications,
including severe heart failure and sudden death.
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Aim: Recently, there has been an increase in the prevalence of coronary risk factors, such as diabetes
and dyslipidemia, in Japan; however, it is unclear whether this has resulted in an increased incidence
of acute myocardial infarction (AMI). We investigated the relationship between risk factors changes
and AMI incidence in a Japanese population.

Methods: Trends in AMI incidence (per 100,000 person-years) were examined using data from the
Yamagata AMI Registry from 1993 to 2007. We included 6,222 patients with a first-ever AMI (4175
men). The prevalence of coronary risk factors was investigated in three age groups of AMI patients
(<65, 65-74, and 275 years) for the periods 1993-1997, 1998-2002, and 2003-2007. Coronary risk
factors were further compared between recently registered AMI patients and 2,400 age-matched controls.
Results: The age-adjusted incidence of AMI increased significanty in men, but not in women.
Younger men particularly showed a significant increase in the incidence of AMI. The prevalence of
hypertension and diabetes increased in both genders; however, the prevalence of tréatment for risk
factors was significantly lower in men than women. Younger men showed significant increases in
obesity and hypertriglyceridemia. Consequently, risk factors associated with the metabolic syndrome
had accumulated among younger men. We revealed that hypertension, diabetes, hypercholesterol-
emia and current smoking were independent risk factors for AMI.

Conclusions: The incidence rate for AMI increased significantly in men, especially younger men.
Preventive care for risk factors associated with metabolic syndrome, in addition to conventional risk
factors, may be required in younger men.

J Atheroscler Thromb, 2010; 17:989-998.
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Introduction

Coronary heart disease (CHD) is a major cause
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of death in developed countries”. Mortality due to
acute myocardial infarction (AMI) is much lower in
Japan than in Western countries™*, and has decreased
further with advances in treatment® *. However,
recently, the prevalence of AMI has increased in Japan,
and AMI is therefore becoming one of the most
important causes of death®. The Hisayama study, a
community-based cohort study, previously revealed
that the age-adjusted incidence of AMI had not
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changed”; however, a recent AMI registry study from
1990 to 2001 reported that the age-adjusted incidence
of AM1 had increased by 7~8% annually?.

Previous studies indicated differences in coronary
risk factors between Western and Asian countries®'".
A recent Japanese case-control study showed that
hypercholesterolemia was an independent coronary
risk factor in men, but not in women, and that obesity
was not associated with AMI'?; however, there have
been marked increases in the prevalence of obesity,
diabetes mellitus and hypercholesterolemia” ', due to
the westernization of dietary habits in Japan'*7. Fur-
thermore, metabolic syndrome has gained attention as
a novel cardiovascular risk factor'®?¥, and its preva-
lence is also reported to have increased in Japan?. At
present, there is litde information on the relationship
between recent changes in coronary risk factors and
the incidence of AMI in Japan. In the present study,
we investigated the trends in coronary risk factors
among patients with a first-ever AMI who were regis-
tered between 1993 and 2007. The prevalence of risk
factors was further compared between recently regis-
tered AMI patients and an age-matched general popu-
lation.

Methods
Study Population

Yamagata Prefecture is located in the northern
part of the main island of Japan. In the 2005 census,
the population was 1,216,000 and the proportion of
people 265 years old was higher than the average for
Japan (25.5% vs. 20.1%). Since 1993, a multicenter
project on the surveillance of AMI has been con-
ducted as the Yamagata AMI Registry > ** *”. The clin-
ical characteristics of AMI patients admitted to all
hospitals belonging to the Yamagata Medical Associa-
tion between 1993 and 2007 were investigated. A
diagnosis of AMI required that the “definite criteria of
AMTI”, as described in the World Health Organization
MONICA Project”, be satisfied. Of the 6,957 con-
secutive patients who were registered in Yamagata Pre-
fecture from 1993 to 2007, 6,222 patients with a first-
ever AMI were included in the present study. The
observation period of 15 years was sub-divided into
three intervals, 1993-1997 (»=1,827), 1998-2002,
(»=1,999) and 2003-2007 (=2,396). In addirion,
the enrolled patients were categorized into three groups
by age at onset of AMI (younger, <G5 years old; early
elderly, 65-74 years old; late elderly, 275 years old).

Data Collection
Standard data were collected prospectively and

entered into a computer database. These data included
details of clinical presentation (age, gender, date and
time of onset of AMI, time of admission to hospital),
personal and family medical history, as well as coro-
nary risk factors. Body mass index (BMI) was calcu-
lated as weight (kg) divided by the square of height
(m?). Obesity was defined as BMI 225 kg/m? for both
genders. Hypertension was defined as systolic blood
pressure 2140 mmHg and/or current use of antihy-
pertensive drugs. Hypercholesterolemia was defined as
a serum total cholesterol concentration 2220 mg/dL
and/or current use of lipid-lowering drugs. Diabetes
mellitus was defined as a fasting blood glucose con-
centration 2126 mg/dL, a non-fasting blood glucose
concentration 2200 mg/dL, and/or the use of antidia-
betic drugs (any oral hypoglycemic agent or insulin).
A family history of CHD and current cigarette smok-
ing status were verified by a self-reported question-
naire and by interviewing the family.

Fasting blood samples were obtained during hos-
pitalization. Low-density lipoprotein (LDL) choles-
terol concentrations were calculated using the Fried-
wald formula when the triglyceride concentration was
400 mg/dL or less. Hypertriglyceridemia was defined
as a triglyceride concentration 2150 mg/dL and low
high-density lipoprotein (HDL) cholesterol was defined
as a HDL cholesterol concentration <40 mg/dL if
male or <50 mg/dL if female. Metabolic syndrome
was defined according to the modified National Cho-
lesterol Education Program (NCEP) Adult Treatment
Panel M (ATP M) guidelines and criteria®. Patients
were deemed to have metabolic syndrome if three or
more of the following five criteria were satisfied: obe-
sity, hypertriglyceridemia, low HDL cholesterolemia,
high blood pressure, and high fasting glucose, as pre-
viously reported?. In this study, BMI was used to
define obesity because waist circumference measure-
ments were not available.

Statistical Analysis

To calculate the incidence rates for AMI per
100,000 person-years during the three time intervals,
the annual population of Yamagata Prefecture was
used as the denominator. To adjust for patient age, the
Japanese population, as determined by the 2005 cen-
sus, was used as the standard population. In addition,
a case-control study was performed, comparing coro-
nary risk factors during 2003-2007 between AMI
patients and 2,400 age-matched control subjects who
were enrolled in the Takahata study in 2005. The
Takahata study has been described in derail else-
where? *®. To adjust for the age of subjects, we used
standardized incidence ratios.
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Table 1. Clinical characteristics of the study population

Men Women
p value value
It (93-97)  2nd 98-02)  3d(03-07)  forwend Ist93-97) 2nd 98-02)  3d (03-07)  foruend
n=1.202 n=1,322 n=1,651 =625 n=677 n=745
Age {ycars) (58%125 (65122 G.1128% 00253 7392102 748%111  768:108™"" <0.0001
Number of AMI (fyear) 04+85  2644:338 33022281 00004 12502104 1354186  149.0%169 0.0902
?8“'3di““‘d incidence rates 427+10 425850 5012387 00099 207%23 195220 18918 04352
or AMI (/10 person-years)
Incidence rates for AMI
(110° person-years)
<64 years old 193212 211t44 85226 00011 39208 41209 3.9%03 0.8842
65-74 years old 1252478 1275890 1322157 06238  475%118 416245 398545 0.2965
>75 years old 1728188 1576273 189.8+28.9 01755 10502126 989%128  98.4%130 0.6736
renary IS an -
gﬂme;’( '(')’L‘CET:;"QMI‘; 50 2.1 78 6™ 001 274 %6 292 0.2760
Hypertension (%) 51.0 54.2 58.3™" 0.6008 60.7 62.6 9.2 0.0037
Receiving medication (%) 85.3 845 85.9 0.7285 918 94.2 93.8 0.3933
Diabetes mellicus (%) 206 246" 303" <0.0001 2.0 324 33.0™ 0.0009
Receiving medication (%) 34.] 58.0 65.1% 0.0159 73.0 789 784 0.4087
Hypercholesteralemia (%) 322 29.1 346" 0.0085 35.2 35.0 39.1 0.2299
Receiving medication (%) 45.6 38.2 468" 0.0582 519 50.0 59.3 0.1555
Family hiscory (%) 254 226 155" <0.0001 18.1 205 108 0.0007
Current smoker (%) 60.2 56.8 55.4* 0.0517 10.3 10.0 8.9 0.6963

*$<0.05. **p<0.01 compared with the 1st period; 'p< 0.05, Hp< 0.01 compared with the 2nd period.

AMI, acute myocardial infarction; BMI, body mass index.

Incidence rates were age-adjusted to the Japanese population using data from the 2005 census.

Caregorical variables were analyzed using the chi-
square test. Continuous variables are presented as the
means = SD. Differences among groups were analyzed
by analysis of variance (ANOVA) with the Scheffe
post hoc test. Multivariate logistic regression analysis
was used to evaluate the relationship between coro-
nary risk factors and the development of AMI. A value
of p<0.05 was considered significant.

Results

The clinical characteristics of the 6,222 patients
enrolled in the study are summarized in Table 1. The
female patients were, on average, about 10 years older
than the male patients, and the age at onset of AMI
was also significantly higher in female patients. There
were increases in the numbers of male patients and in
the age-adjusted incidence rate of AMI among male
patients. Although the incidence rate of AMI increased
with advancing age, it was not increased in elderly
patients during the three time periods; in contrast,

“there was a significant increase among younger male
patients.

As shown in the lower panel of Table 1, signifi-
cant increases in the prevalence of hypertension and
diabetes mellitus were observed in both genders. In
contrast, there were significant increases in the preva-
lence of obesity and hypercholesterolemia among
males, but not among females. A decrease in the pro-
portion of AMI patients with a family history was
observed in both genders during the third period
(2003-2007) (Table 1). While the prevalence of treat-
ment for hypertension was relatively high in both gen-
ders, the prevalence of the control of diabetes and
hypercholesterolemia was still insufficient (Table 1).
In males, the prevalence of treatment for each risk fac-
tor was approximately 10% lower than in females.
Despite decreases in the proportion of current smok-
ers among male patients, the proportion of male
smokers was about six times greater than the propor-
tion of female smokers (Table 1).

To evaluate the prevalence of coronary risk fac-
tors among AMI patients, the prevalence of each risk
facror was compared between AMI patients during the
third period (2003-2007) and the Japanese general
population. AMI patients had a higher prevalence of
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Table 2. Comparison of clinical risk factors between patients with AMI in the third period (2003-2007) and age-adjusted control

subjects
Men Women
3rd (03’-07")  Takahata . . 3rd (03-07")  Takahata »
n=1.651 n=1.054 oddsrado  95%Cl  pvalue =745 n=1346 odds ratio  95% CI pvalue
Obesity, BMI 225 (%) 3106 28.7 1.15 0.96-1.37 0.1235 29.2 30.9 0.92 0.73-1.15 0.4735
Hypertension (%) 58.3 47.2 1.56 1.33-1.83  <0.0001 (9.2 46.0 2.63 2.17-3.19  <0.0001
Diabetes mellitus (%) 30.3 9.1 4.34 3.42-5.49  <0.0001 330 6.0 7.65 5.81-10.06  <0.0001
Hypercholesterolemia (%) 34.6 22.1 1.87 1.56-2.23  <0.0001 39.1 33.2 1.29 1.06-1.57 0.0091
Current smoking (%) 55.4 31.3 273 2.31-3.22  <0.0001 89 1.6 6.26 376-1042 <0.0001
Multivariate analysis

Hypertension (%) 1.32 1.10-1.60 0.0035 213 1.64-2.77  <0.0001
Diabetes mellitus (%) 4,02 3.06-5.29  <0.0001 6.77 4.67-9.80  <0.0001
Hypercholesterolemia (%) 1.64 1.33-2.02  <0.0001 0.95 0.73-1.24 0.7148
Current smoking (%) 3.25 2.66-3.96  <0.0001 7.57 4.33-13.24  <0.0001

Age-adjusted control subjects were enrolled in the Takahata study in 2005.

Multivariate logistic regression analysis adjusted for patient age.

hypertension, diabetes, hypercholesterolemia and cur-
rent smoking than age-adjusted control subjects
enrolled in the Takahata study (Table 2). The odds
ratios for diabetes and current smoking were especially
high among women. Although obesicy (BMI 225)
increased among male patients during the third
period, obesity was not a significant risk factor either
in males or females. In multivariate logistic regression
analysis adjusted for patient age, hypertension, diabe-
tes, and current smoking were independent risk fac-
tors for AMI in both genders. Hypercholesterolemia
was an independent risk factor for AMI among men,
but not among women.

Surprisingly, more than 70% of younger male
patients were current smokers, and the proportion of
smokers was unchanged, except among early elderly
men (Fig. 1). Younger female patients were also more
likely to be smokers than elderly female patients.
Younger male patients showed increases in the preva-
lence of hypertension and diabetes, increases in BMI
and a decrease in the proportion with a family history
of MI. Younger male patients showed a greater increase
in triglyceride levels, while HDL and LDL cholesterol
levels were unchanged. An increase in the prevalence
of diabetes was observed for most patients, except
younger female patients.

As shown in Fig. 1, younger men showed signifi-
cant increases in the prevalence of hypertension and
diabetes, as well as in BMI and triglyceride levels dur-
ing the third period (2003-2007). Consequently, the
number of risk factors associated with metabolic syn-
drome increased among younger and early elderly
men (Table 3). In contrast, there was no significant

change in the number of risk factors among women.
The prevalence of risk factors associated with
metabolic syndrome was compared within each age
group, between AMI patients during the third period
(2003-2007) and the Japanese general population.
Early elderly male patients had a higher prevalence of
hypertension, diabetes, and low HDL cholesterolemia
than control subjects (Table 4); however, younger male
patients had a higher prevalence of all coronary risk
factors associated with metabolic syndrome than con-
trol subjects. Multivariate regression analysis revealed
that hypertension, diabetes and low HDL cholesterol-
emia were independent risk factors for AMI among
younger and carly elderly men. Further, BMI was an
independent risk factor for AMI among younger men,
but not among early elderly men. In contrast, BMI
was not an independent risk factor for AMI among
younger and early elderly women (Table 5). Younger
male patients showed a significant increase in serum
triglyceride levels and the prevalence of obesity during
the third period. In addition, male patients with AMI
aged <40 years showed significant increases in BMI
(Fig. 2) and the prevalence of obesity (1st, 37%; 2nd,
62%; 3rd, 68%, respectively, p<0.05). Consequently,
there was an accumulation of risk factors associated
with metabolic syndrome among younger men. Fur-
thermore, there were differences between younger and
early elderly male patients in the proportion receiving
medical treatment. Fig.3 demonstrates that the preva-
lence of treatment for hypertension and diabetes was
significantly lower among younger men and, in con-
trast to the changes observed for elderly patients, this
did not improve at all during the three time periods.
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Fig. 1. Trends in coronary risk factors and lipid profiles among AMI parients.

Bars indicate the prevalence of coronary risk factors and the lipid profiles during hospitalization in the three
age groups (<65, 65-74, 275 years oh[) for bo(h genders, during the three time pu{ods Continuous vari-

ables are presented as the mean £ SE. Fp<0.05,
compared with 2nd period.

#5<0.01 compared with Ist period: 'p<0.05, "1p<0.01
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Table 3. Trends in cthe number of risk factors associated with metabolic syndrome

1st (93°-97")

2nd (987-02)

3rd (03°-077)  value for wend

Men 1.60=1.18 1.74%1.19 1.87+1.19* <0.0001
<64 years old 1.71£1.23 1.97+1.247 2.02+1.26 0.0017
65-74 years old 1.54%1.17 1.57%1.14 1.94%1.13™" <0.0001
>75 years old 1.42%1.05 1.58%1.09 1.56=1.08 0.4022

Women 204x1.10 2.08=1.14 2.12+1.20 0.6639
< 64 years old 2.02x17.07 1.93+1.09 1.98%1.29 0.9013
65-74 years old 213%1.09 2.07%1.20 2.15%1.27 0.8721
>75 years old 1.96%1.13 2.14%1.13 2.14£1.15 0.3688

Fp<0.05, 7 p<0.01 compared with st period; 1}7<(J.05 compared with 2nd period.

Table 4. Comparison of risk factors associated with metabolic syndrome between younger and early elderly male patients wich AMI

during the third period (2003-2007) and control subjects

Younger men
g

Early elderly men

3rd (03°-07)  Takahata 3rd (03'-077)  Takahata
{(n=0653) (n=491)  oddsrado  95%CI  pvalue (n=4061) (1=394)  oddsratio  95% Cl  pvalue
541279y 54964y 69.628y  69.4£2.8y
Univariare analysis
BMI (kg/m)* U935 23630 150 L29-168 <0001 236229 235£29 106 092-122  0.4606
Hypertension (%) 50.4 40.6 1,49 1.15-1.92 0.0022 63.4 53.4 1.40 1.0a-1.87 0.0244
Diabetes mellicus (%) 310 7.5 5.54 3.81-8.06  <0.0001 3.2 10.7 459 3.12-6.63  <0.0001
Hyperuiglyceridemia (°6) 34.8 27.1 |44 1.10-1.87  0.0070 16.4 16.5 0.99 0.68-1.45  0.9572
Low HDL cholesterolemia (%) 36.4 114 4.44 3.20-6.16  <0.0001 38.4 10.4 5.37 3.65-7.90  <0.0001
Metabolic syndrome (%) 35.2 11.8 4.08 2.90-3.65  <0.0001 ila 9.9 418 2.78-6.30  <0.0001
Muldvariate analysis
BMI (kg/m)” 123 LO4-145 00140
Hypertension (%0) 1.56 1.00-1.84 0.0474 141 1.01-1.96 0.0432
Diabetes mellivus (%) 527 3.37-8.24  <0.0001 413 2.68-6.36  <0.0001
Hypertriglyceridemia (%) 0.79 0.56-1.10 0.1646
Low HDL cholesterolemia (%6) 411 2.80-6.04  <0.0001 5.44 3.58-8.28  <0.0001
BMI, body mass index; HDL, high density lipoprotein
“Data represent odds ratio corresponding to 1SD increase in BMI level

Discussion

The present study showed that the age-adjusted
incidence of AMT increased in male patients. Younger
men in particular showed a significant increase in the
incidence of AMI during 2003-2007. In contrast,
there was no increase in the incidence of AMI among
females during the observation periods. There was a
significant increase in the prevalence of metabolic syn-
drome among younger male patients compared with
other age groups. as well as a greater increase in the
number of risk factors associated with metabolic syn-
drome. These results suggested that an increase in the
prevalence of risk factors associated with metabolic
syndrome may be related to the increased incidence

rate for AMI among younger men.

Increased Incidence of AMI Among Male Patients
An increased number of AMI was observed
among male patients (Table 1). In contrast, the num-
ber of AMI did not increase and the age at onset
increased significantly among women. There was no
significant change in the age-adjusted incidence rate
of AMI among women in the present study, which is
consistent with the findings of the Hisayama study”.
Another AMI registry study reported that the age-
adjusted incidence rate increased by 7.6% among men
and by 8.3% among women, between 1990 and
2001%. In contrast, the present study demonstrated
that the age-adjusted incidence rate for AMI increased
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Table 5. Comparison of risk factors associated with metabolic syndrome beoween younger and early clderly female patients with

AMT during the third period (2003-2007) and conrrol subjects

Younger women
&

Early dlderly women

5id (0307 Takahat 3rd (03-07)  Takahara
(n=87) (1=6Y2)  oddsrade  95% CT pvalue (n=168) (n=479)  oddsrado 93% Cl pvalue
54179y 549204y 69628y  (94£28y
Univariate analysis
BMI (kgfm)” 24442 134%35 107 LOI-LIS  0.0307 240238 241233 0.99  038-1.05  0.8321
Hypertension (%) 34.1 297 280 1.76-4.44  <0.000] 67.9 50.1 210 143-3.09  0.0001
Diaberes mellius (%) 30.6 4.3 9.72 540-17.52 <0.0001 38.2 0.1 9.58 5.87-15.64 <0.0001
Hyperriglyeeridenia (%) 153 12.3 1.29 0.65-255 04667 19.1 159 125 076-2.06 03807
Low HDL cholesteralemia (Yo) 50.7 18.1 467 280-7.78  <0.0001 49.2 223 337 2.24-5.07  <0.0001
Metabolic syndrome (%) 39.7 6. 8,83 492-15.83 <0.0001 434 14.6 447 2.85-7.02 <0.0001
Multivariate analysis
BMT tky/m)” 100 092-1.09  0.9786
Hypertension (%) 204 1177390 0.0131 L82  1.14-290  0.0118
Diabetes melicus (%0) 692 3.14-15.28 <0.0001 719 4l1-12.55 <0.0001
Low HDL cholesterolemia (%) 2.35 1.23-4.49 0.0099 201 1.85-4.60  <0.0001

BMT, body mass index; HDL, high density lipoprotein
“Darta represent odds ratio corresponding ro 18D increase in BMT level

BMI Ot dae W

kg/m?

30

28

26

24

22

20
Ist 2nd 3rd

Fig.2. Trends in BMI among male patients with AMI aged
<40 years.

Bars indicate BMI during hospitalizadon among male AMI

patients aged <40 years, during the three tdme periods. Continu-

ous variables are presented as the mean = SE. *p<0.05 compared

with Ist period.

g men and was much higher than in
women. Younger men n p;xrticular showed a Signiﬁ—
cant increase in the incidence rate of AMI, which was
seven times greater than in women during 2003-2007
(Table 1). These findings are not likely to be explained
only by the influence of aging of the general popula-
tion. We hypothesized that changes in the prevalence
of risk factors, due to the westernization of dietary
habits and changes in lifestyle, may have influenced

on [)' among

the recent incidence rates of AMI.

Changes in the Prevalence of Coronary Risk Factors
in AMI Patients

There were differences in the trends in coronary
risk factors between men and women. Both showed a
similar magnitude of increase in the prevalence of
hypertension and diabetes; however, only younger
men showed a significant increase in the prevalence of
obesity and in serum triglyceride levels during 2003~
2007 (Fig.1). Consequently, the proportion of patients
with metabolic syndrome increased among younger
and early elderly men (Table 3). Several studies have
demonstrated that metabolic syndrome is a significant
risk factor for the development of AMI 1529 byt ic had
a weak or no association with CHD in the elderly?®",
which is consistent wich the findings of the present
study.

In the present study, AMI patients of both gen-
ders showed a higher prevalence of hypertension, dia-
betes and hypercholesterolemia, and a higher inci-
dence of current smoking than age-adjusted control
subjects, which was consistent with the findings of the
Framingham study ™. Recently, a large Japanese case-
control study demonstrated that hypertension, diabe-
tes, current smoking, family history, and hypercholes-
terolemia were all independent risk factors for AMI'?;
however, only current smoking, diabetes and, hyper-
tension were identified as independent risk factors in
women in their study. Therefore, it was suggested that
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Hypertension
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kg **_H_* ]
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Fig.3. Comparison of the proportions of male patients receiving medical trearment.

Bars indicate the proportious of male patients in the three age groups (<65, 65-74, 275 years old), recciving medical freatment

for hypercension and diabetes during the three time periods.
"p<0.01 compared with carly elderly patients.

hypercholesterolemia was an independent coronary
risk factor in men, but not women, which is consis-
tent with the resules of the present study.

Previous studies reported that obesity and low
HDL cholesterolemia were independent risk factors
among younger male patients™?”, which is consistent
with our hndmgs. In particular, male patients with
AMI aged <40 years showed significant increases in
BMI and the prevalence of obesity (Fig. 2).

Although the incidence of current smoking
decreased during 2003-2007 in male patients (Table 1),
it was significantly higher than in age-adjusted control
subjects (Table 2). Surprisingly, the incidence of cur-
rent smoking in female AMI patients was about six
times higher chan in age-adjusted control subjects,
whereas it was lower than in male AMI patients. Thus,
the prevalence of smoking has decreased in men, but
not in women. Notably, the prevalence of smoking was
significantly higher in younger women than in elderly
patients. These resules suggest that current smoking is
an important risk factor for AMI, which is consistent
with the findings from a previous study "> ** 36,

During 2003-2007, there was a significant
decrease among both genders in the proportion of
AMT patients wich a humlv history (Table 1). This
does not mean there was a decrease in the number of
AMT patients wich a family history, but rather that
there was an increase in the number without a family
history. Tn addition, the impact of lifestyle-related fac-
tors on the development of AMI may have become
relatively more important in recent ye:u'sM LEE )

“p<0.05, ¥ p<0.01 compared with late elderly patients; 'p<0.05,

Insufficient Treatment of Coronary Risk Factors

Female AMI partients were 8-10 years older than
male patients (Table 1). A previous study also reported
that women develop CHD about 10 years later than
men””. In general, menopause is a risk factor among
females, which contributes to gender differences®® *%;
however, it has been suggested that the difference in
the age at onset is largely explained by the higher
number of risk factors at younger ages in men than
women””'. The age at onset increased significantly in
women in the present study. Since the number of
female patients did not increase, despite an increase in
the aging population, it is suggested that medical
treatment may have party contributed to suppressing
the incidence of AMI in women. In fact, the propor-
tion of patients receiving medical treatment for each
risk factor was appro*{imate]y 10% hi{jhcr In women
than men (Table 1). Although the proportion of
pamcnts receiving treatment fon hypeltcnslon reached
949% in femalc patients, the proportions receiving
treacment for diabetes and hypercholesterolemia
remained suboptimal at 78% and 59%, respectively.
In order to reduce the age-adjusted incidence of AMI
in women, improved rates of treatment for diabetes
and hypercholesterolemia, as well as increased rates of
smoking cessation, are required.

[n contrast to women, there was an accumula-
tion of coronary risk factors and an increased inci-
dence of AMI in male patients. Particular attention
should be paid to the increased incidence of AMI
among younger men, who showed a greater increase
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in the prevalence of the mertabolic syndrome than
other age groups (Table 4), and also had a markedly
high incidence of current smoking (Fig. 1), which did
not decrease over the three time periods. Furthermore,
the proportion of patients receiving treatment for each
coronary risk factor was significantly lower in younger
male patients than other age groups (Fig.3). There-
fore, control of the risk factors associated with meta-
bolic syndrome, in addition to conventional risk fac-
tors, such as hypercholesterolemia, and increased rates
of smoking cessation, are required to decrease the inci-
dence of AMI among men.

In conclusion, the age-adjusted incidence of AMI
increased in male patients, but not in female patients.
In particular, younger men have shown a significant
increase in the incidence of AMI recently. The control
of conventional coronary risk factors is still thought to
be insufficient, in both men and women, to contrib-
ute to a decrease in the incidence of AMI. In addition,
preventive care for metabolic syndrome may be
required in younger men.
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Low Wall Velocity of Left Atrial Appendage Measured
by Trans-Thoracic Echocardiography Predicts
Thrombus Formation Caused by Atrial Appendage
Dysfunction

Harutoshi Tamura, MD, Tetsu Watanabe, MD, Osamu Hirono, MD, Satoshi Nishiyama, MD,
Shintaro Sasaki, MD, Tetsuro Shishido, MD, Takehiko Miyashita, MD, Takuya Miyamoto, MD, Joji Nitobe, MD,
Takamasa Kayama, MD, and Isao Kubota, MD, Yamagata, Japan

Background: Atrial fibrillation is associated with ischemic stroke because of thrombi that form within the left
atrial appendage (LAA). The aim of this study was to develop a new parameter for LAA function that is easily
performed using transthoracic echocardiography (TTE).

Methods: TTE and transesophageal echocardiography were performed in 106 patients with stroke. LAA wall
motion velocity (TTE-LAWV) was measured using Doppler tissue imaging at the LAA tip.

Results: TTE-LAWV was significantly lower in patients with atrial fibrillation and LAA thrombus than in those
with atrial fibrillation and no LAA thrombus and in sinus rhythm (7.5 = 1.9 vs 10.0 = 3.4 and 13.8 + 5.7 cnv/
s, respectively, P < .05). TTE-LAWV was significantly correlated with LAA emptying flow velocity (R = 0.462,
P < .05). The multivariate logistic regression analysis showed that TTE-LAWV < 8.7 cm/s was an independent
predictor of LAA thrombus formation (odds ratio, 9.473; 95% confidence interval, 1.172-76.55; P < .05).

Conclusion: TTE-LAWV can noninvasively evaluate LAA dysfunction and assist in the detection of LAA throm-

bus. (J Am Soc Echocardiogr 2010;23:545-52.)

Keywords: Left atrial appendage wall motion, Left atrial appendage thrombus, Noninvasive

The National Institute of Neurological Disorders and Stroke has char-
acterized cardioembolic stroke as an important clinical issue because
it is the most common cause of death in patients with acute ischemic
stroke."? It is well known that the left atrial appendage (LAA) is a ma-
jor thromboembolic source in patients with stroke and atrial fibrilla-
tion (AP.>> Many clinical reports have shown a close relation
between LAA thrombus formation and left atrial mechanical remod-
eling on the basis of findings from transesophageal echocardiography
(TEE).%® It was reported that the presence of spontaneous echocar-
diographic contrast (SEC} or LAA peak flow velocity measured by
TEE is useful for the detection of LAA dysfunction, which causes
LAA thrombus formation.'®"" However, TEE may not be performed
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for screening to quantify the risk for stroke in patients with AF, be-
cause it is a semi-invasive procedure. Although transthoracic echocar-
diography (TTE) can be widely used for screening because of its
noninvasive nature, it is thought to be difficult to detect LAA throm-
bus and evaluate LAA dysfunction on TTE. Doppler tissue imaging
(DTD reflects regional myocardial function. Recently, DTl was also re-
ported to be useful for evaluation of LAA function.'? In that study, us-
ing DTI with TEE, it was shown that LAA dysfunction plays a role in
LAA thrombus formation.

We hypothesized that DTI velocity from the LAA on TTE (TTE-
LAWWV) is a feasible parameter for the risk stratification of patients
with AF In the present study, we compared TTE-LAWYV with conven-
tional markers of LAA dysfunction and investigated whether TTE-
LAWYV could predict thrombus formation.

METHODS

Study Patients

We performed TTE and TEE in 106 patients referred for the treat-
ment of acute cerebral infarction. TTE and TEE were done within 7
days of onset (mean, 6 * 1 days). We excluded patients with malig-
nant disease (n = 6), chronic disseminated intravascular coagulation
{n = 3), failure of TEE (n = 5), and failure of TTE-LAWY measure-
ment (n = 10). The admission assessment included determining the
risk factors for cerebral infarction,'>'* clinical ischemic stroke cate-
gory (National Institute of Neurological Disorders and Stroke'), and
disease severity using the National Institutes of Health Stroke Scale.'
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We defined patients who had
no histories of AF and no docu-
mented AF on continuous elec-
trocardiographic monitoring
during hospitalization as the si-
nus rhythm group, patients who
had histories of AF before admis-
sion and/or continuously docu-
mented AF on continuous
electrocardiographic monitoring
during hospitalization as having
chronic AF, and patients who
had AF at admission and recov-
SEC = Spontaneous ered to normal sinus rhythm dur-
echocardiographic contrast ing  hospitalization  and/or
showed sinus rhythm at admis-
sion and documented transient
AF on continuous electrocardio-
graphic monitoring during hospi-
talization as having paroxysmal
AF. Six patients (6%) had parox-
ysmal AF (all were in sinus rhythm at the time of TEE), and 48 patients
(45%) had chronic AF. Previous anticoagulation before onset was per-
formed in 2 patients with paroxysmal AF (33%) and 25 patients
(52%) with chronic AF. Patients with paroxysmal AF and those
with chronic AF were defined as the AF group.

The study subjects were classified into 3 groups on the basis of the
presence of AF and LAA thrombus (group A: patients in sinus rhythm
[n=52]; group B: patients with AF and no LAA thrombi [n=29]; and
group C: patients with AF and LAA thrombi [n =25]). We compared
between transthoracic and transesophageal parameters among the 3
groups retrospectively. The local ethics committee approved the
study protocol, and informed consent was given by all subjects.

Abbreviations
AF = Atrial fibrillation
LAA = Left atrial appendage

LAA eV = LAA emptying flow
velocity

LAD = Left atrial dimension

LAWYV = LAA peak wall
velocity

ROC = Receiver operating
characteristic

TEE = Transesophageal
echocardiography

TTE = Transthoracic
echocardiography

Echocardiography

TTE was done using a Hewlett-Packard Sonos 7500 ultrasound in-
strument equipped with a sector transducer (carrier frequency, 2.5 or
3.75 MHz) (Hewlett-Packard Corporation, Palo Alto, CA). A 5-MHz
phased-array multiplane probe was used for TEE. We examined the
following parameters and findings using standard views and tech-
niques: left atrial dimension (LAD), left ventricular end-diastolic di-
mension, left ventricular percentage fractional shortening measured
by TTE, and the presence of an atrial septal aneurysm, a patent fora-
men ovale, SEC, or LAA thrombus evaluated by TEE.'®'8 LAA
thrombus was diagnosed when a fixed or mobile echogenic mass
could be clearly differentiated from the wall of the left atrium or
LAA." In patients with AF, echocardiographic measurements were
obtained as the mean of 5 consecutive cardiac cycles. All findings
were evaluated by two independent experienced echocardiologists
who did not know the patients’ clinical and other characteristics,
and all echocardiographic measurements obtained by the two echo-
cardiologists had good reproducibility.

TEE-LAWYV, defined as LAA peak wall velocity, was measured us-
ing tissue Doppler with the sample volume placed at the LAA tip by
TEE, as reported previously.”° Peak wall velocity within each RR in-
terval at diastole was obtained by scanning the appendage at 0°,
30°, 60°, and 90° and was averaged. We could also observe the
LAA from parasternal the short-axis view on TTE and measure
TTE-LAWYV using a similar method as for TEE-LAWYV measurement
(Figure 1). We could evaluate TTE-LAWYV in most patients (92%), ex-
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Figure 1 (A) TTE-LAWV was measured by DTI at the LAA tip
from the parasternal short-axis view in diastole. (B) Tissue
Doppler velocities were obtained, and the peak wall velocity of
downward atrial waveform within each RR interval was aver-
aged. AoV, Aortic valve.

cept those with poor echocardiographic image quality due to obesity,
chronic obstructive pulmonary disease, or emaciation.

LAA emptying flow velocity (LAA eV) was assessed using
pulsed-wave Doppler with the sample volume placed | cm distal
from the mouth of the appendage by TEE. Peak flow velocity
within each RR interval at diastole was obtained by scanning the
appendage at 0°, 30°, 60°, and 90° and was averaged.”’ We ana-
lyzed the correlations between TTE-LAWYV and other conventional
parameters.

Aortic and Carotid Echocardiographic Studies

Aortic images were obtained after the cardiac examination by TEE.
The prevalence of protrusion =5 mm and/or mobile plaques in the
arch were examined.?*

Bilateral carotid artery imaging was performed with a 7.5-MHz lin-
ear transducer connected to a Sonos 7500 system. The carotid in-
tima-media thickness without protruding atheromatous plaques was
measured at end-diastole according to the method reported by
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Pignoli et al”* and was obtained as the mean of the bilateral common

carotid arteries.

Hemostatic Markers

Blood samples were collected to determine the serum hemostatic
marker levels at the time of the echocardiographic studies.
Antithrombin [ll, fibrinogen, fibrin-monomer, plasminogen, «;-plas-
min inhibitor, fibrinogen degradation products, and p-dimer were as-
sessed. General biochemical parameters were measured using routine
laboratory methods.

Statistical Analysis

Results are expressed as mean * SD for continuous variables and as
percentages of the total number of patients for categorical variables.
Skewed variables are shown as medians and interquartile ranges.
Statistical analysis was conducted using StatView version 5.0 (SAS
Institute Inc, Cary, NC). Patient characteristics, echocardiographic pa-
rameters, and hemostatic markers were compared among groups A,
B, and C using Student’s t test for unpaired continuous variables and
the x? test for categorical variables. If data were not distributed nor-
mally, the Mann-Whitney U test was used. P values < .05 were con-
sidered significant. Receiver operating characteristic (ROC) curves
were constructed to determine the relevant TTE-LAWYV cutoff values
for predicting LAA thrombus on the basis of the optimal sensitivity
and specificity. Bland-Altman analysis was performed to provide an
analysis of agreement between TTE-LAWYV and TEE-LAWV. To deter-
mine independent predictors of the presence of LAA thrombus for all
patients, logistic regression analysis was performed. Significant vari-
ables selected in univariate logistic regression analysis (P < .05)
were entered into the multivariate analysis. The intraobserver reliabil-
ity and the interobserver reliability of TTE-LAWV and TEE-LAWV
were assessed in 10 patients by two echocardiologists, each repeated
once. By intraclass correlation coefficient, the mean intraobserver re-
liabilities of TTE-LAWYV and TEE-LAWYV were 98.6% and 98.1%, re-
spectively. The mean interobserver reliabilities of TTE-LAWV and
TEE-LAWYV were 98.9% and 97.6%, respectively.

RESULTS

Patient’s Characteristics

There were no significant differences among the 3 groups in sex dis-
tribution; the prevalence of hypertension, diabetes mellitus, and hy-
perlipidemia; history of previous stroke; and the use of oral
antiplatelet medications (Table 1). Group C was significantly older
than group A. The incidence of cardioembolic stroke was significantly
higher in patients with AF (groups B and C) compared with patients in
sinus rhythm (group A). Moreover, patients with AF and thrombi
(group C) had a higher incidence of cardioembolic stroke compared
with patients with AF without thrombi (group B). CHADS, scores
were significantly higher in group C than in group B. Medication
with anticoagulants was significantly higher in groups B and C than
in group A (Table 1).

Echocardiographic Parameters

LAA thrombi were not detected in group A patients. There were no
significant differences in the presence of atrial septal aneurysm, patent
foramen ovale, and significant aortic or carotid atherosclerotic pla-
ques among the 3 groups. Groups B and C had significantly larger
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Table 1 Comparison of clinical characteristics among 3
groups

Group A Group B Group C
Variable (n=52) (n=29) (n=25)
Age (y) 67 + 15 7113 76 = 10"
Men/women 35/17 20/9 16/9
Heart rate (beats/min) 73 + 13 82 = 12* 81 =17
Hypertension 40 (71%) 22 (76%) 18 (72%)
Diabetes mellitus 15 (29%) 12 (41%) 8 (32%)
Hyperlipidemia 30 (58%) 8 (28%) 6 (24%)
Current smoking 29 (56%) 15 (52%) 12 (48%)
Previous stroke 12(23%)  3(10%) 7 (28%)
Atrial fibrillation 0 (0%) 29 (100%) 25 (100%)
National Institutes of 4.0(0.5-8) 4.0(2-10) 5.5 (2-14)
Health Stroke Scale
score .
CHADS, score 19+09 22+ 14 3.0 1.4%
National Institute of
Neurological Disorders
and Stroke clinical
category
Cardioembolic stroke 3 (6%) 11 (38%)" 23 (92%)*t
Atherothrombotic 12 (23%) 5 (17%) 0 (0%)
stroke
Lacunar stroke 9 (17%) 3 (10%) 2 (8%)
Others or 28 (54%) 10 (35%) 0 (0%)*t
undetermined
Medication before onset
Antiplatelets 20 (38%) 12 (41%) 9 (36%)
Anticoagulants 4 (8%) 15 (52%)" 12 (48%)"
Prothrombin time— 1.41 039 151 +0.34" 155=*0.4"

international
normalized ratio

Data are expressed as mean + SD or as number (percentage). Group
Alincluded patients with sinus rhythm, group B included patients with
AF without thrombi, and group C included patients with AF with
thrombi.

*P < .05 versus group A.

1P < .05 versus group B.

LADs and smaller left ventricular percentage fractional shortening
compared with group A (Table 2). Groups B and C had significantly
smaller LAA eV, a higher prevalence of SEC, smaller TEE-LAWYV, and
smaller TTE-LAWYV compared with group A (Table 2). Furthermore,
group C had a significantly higher prevalence of SEC, smaller TEE-
LAWYV, and smaller TTE-LAWV compared with group B (Table 2).
As shown in Figure 2, TTE-LAWV decreased with advancing
CHADS,; score. This result suggested that LAA function was impaired
in patients with higher thromboembolic risks.

Blood Markers

There were no significant differences in hemostatic markers between
group A and group B (Table 2). However, group C had higher levels of
hemostatic markers such as fibrinogen, a;-plasmin inhibitor, and C-
reactive protein compared with groups A and B.

There was no significant difference in prothrombin time-interna-
tional normalized ratio between patients with LAA thrombi and pa-
tients without LAA thrombi who were taking warfarin (1.55 =
0.40 vs 1.52 = 0.33, P=.745; Table 3).
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Table 2 Comparison of echocardiographic findings and
blood markers among 3 groups

Group A Group B Group C
Variable (n=52) (n=29) (n=25)
LAD (mm) 34+5 46 + 8* 46 + 9*
LV end-diastolic 46+ 6 49 + 7" 48 + 6
diameter (mm)
LV fractional 376 34+8 32 =8
shortening (%)
LAA eV (cm/s) 70 = 12 58 = 14* 16 = 1071
SEC 1(2%) 11 (38%)* 19 (76%)*t
LAA thrombus 0 (0%) 0 (0%) 25 (100%)" 1
Atrial septal aneurysm 5 (10%) 1 (3%) 0 (0%)
Patent foramen ovale 3 (6%) 3 (10%) 2 (8%)
Aortic plaque* 4 (8%) 4 (14%) 3 (12%)
Aortic IMT (mm) 28+13 30=*15 33+18
Carotid plaque® 9 (17%) 4 (24%) 2 (8%)
Carotid IMT (mm) 0.8 = 03 0.8 =01 0.7x0.2
TEE-LAWV (cm/s) 16.5'% 8.5 109 = 447 ) =14t
TTE-LAWV (cm/s) 13.8 +5.7 10.0 = 34" 75 *191
TTE-LAWV < 8.7 cm/s 3 (6%) 10 (34%)* 18 (72%)"t
Blood markers
C-reactive protein 0.2 (0.1-0.8) 0.1 (0.1-1.2) 2.1 (0.2-5.6)“1
(mg/dL)
Antithrombin 1l (%) 102 = 23 98 + 21 102 = 22
Fibrinogen (mg/dL) 395 =115 - 423 = 182 - 535 + 242*t
Fibrin-monomer 5.5(3.3-8.5) 5.5(2.9-9.6) 5.8(2.8-13.5)
(mg/mL)
Plasminogen (%) 94 = 18 91 =13 96 + 16
a-plasmin inhibitor 101 = 14 105 = 14 116 = 18"t
(%)
p-dimer (mg/ml) 1.3(0.5-3.1) 1.5(0.5-4.3) 1.7(0.8-4.7)
Fibrinogen 47(3.5-6.2) 3.9(2.9-6.8) 5.3(3.9-9.4)
degradation
products (mg/mL)

Data are expressed as mean + SD, as number (percentage), or as

median (interquartile range).

*P < .05 versus group A.

1P < .05 versus group B.

$Protruding >5 mm and/or mobile plaques in the aortic arch.

§Protruding plaque with >50% luminal stenosis in the common and/
or proximal internal carotid artery.

Evaluation of LAA Dysfunction by TTE-LAWV

We investigated the relationship between TTE-LAWYV and previously
reported left atrial functional parameters, such as LAA eV and TEE-
LAWYV. Figure 3 shows representative waveforms of TTE-LAWV
and TEE-LAWYV among the 3 groups. We found that the waveform
of TTE-LAWYV was quite similar to that of TEE-LAWYV, like a specular
image. TTE-LAWYV was significantly correlated with TEE-LAWV (R =
0.682, P< .01; Figure 4A). The Bland-Altman plot also showed good
agreement of LAWYV assessment between TTE and TEE (Figure 4B).
There was also a significant correlation between TTE-LAWYV and
LAA eV (R=0.462, P<.05; Figure 4C). We measured LA emptying
volume and LA ejection fraction in 67 patients. TTE-LAWYV was sig-
nificantly correlated with left atrial emptying volume and left atrial
ejection fraction (Supplemental Figure 1).

LAA Dysfunction and LAA Thrombus

The ROC curve for TTE-LAWYV as a predictor of LAA thrombus for-
mation is shown in Figure 5. The area under the ROC curve was
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Table 3 Value of TTE-LAWV in patients with and without oral
anticoagulation with warfarin

Warfarin No warfarin
LAA No LAA LAA No LAA
thrombus thrombus  thrombus thrombus
Variable n=12) (n=19) (n=14) (n=61)

Prothrombin 1.55 * 0.40 1.52 = 0.33 — —
time—
international
normalized
ratio

TTE-LAWV (cm/s)

69+15 112+47 84+21 13.0=*56"

Data are expressed as mean * SD.
*P < .05 versus LAA thrombus with oral warfarin.
TP < .05 versus LAA thrombus without oral warfarin.

0.815. The optimal TTE-LAWY for predicting LAA thrombus was de-
termined as those with the largest sum of sensitivity plus specificity on
the ROC curve; TTE-LAWV < 8.7 cm/s had sensitivity of 77% and
specificity of 76% (Figure 5). Low TTE-LAWV (<8.7 cm/s) was ob-
served in 31 of 106 study patients (29%). There were 3 patients
with low TTE-LAWYV in group A, 10 in group B, and 18 in group C.
Low TTE-LAWYV was observed in 72% of patients with LAA thrombi.
We compared the ROC curves obtained by TTE-LAWYV, TEE-LAWYV,
LAA eV, and LAD (Figure 5). TTE-LAWYV was not inferior to conven-
tional parameters for predicting LAA thrombus.

Logistic regression analysis was performed to identify independent
predictors of the presence of LAA thrombus (Table 4). In univariate
logistic regression analysis, age, CHADS, score, LAD, LAA eV <
20 cm/s, SEC, and TTE-LAWV < 8.7 cm/s were significantly associ-
ated with LAA thrombus formation. In multivariate logistic regression
analysis, TTE-LAWV < 8.7 c¢m/s was an independent predictor of
LAA thrombus formation (Table 4).
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Figure 3 Representative waveforms of TTE-LAWV and TEE-LAWV among 3 groups. (A) Waveform of TTE-LAWV in group A. (B)
Waveform of TEE-LAWV in group A. (C) Waveform of TTE-LAWV in group B. (D) Waveform of TEE-LAWV in group B. (E) Waveform
of TTE-LAWV in group C. (F) Waveform of TEE-LAWV in group C. The waveform of TTE-LAWV was quite similar to that of TEE-LAWV,

like a specular image.

DISCUSSION

The present study demonstrated that TTE-LAWYV was well correlated
with the conventional parameters that reflect LAA dysfunction. Low
TTE-LAWV may be a promising noninvasive marker for LAA dys-
function, which causes thrombus formation.

Many clinical studies have shown that TEE parameters indicating
LAA dysfunction can predict LAA thrombus formation.® ? A reduc-
tion in LAA eV or the development of SEC reflects atrial mechanical

remodeling and thrombus formation.”*?°> Kamp et al® reported that
the presence of SEC and low LAA eV were reliable markers for risk
stratifying patients with AF for thromboembolism. Because these es-
tablished predictors of LAA thrombus were evaluated by TEE, it
might be difficult to apply to all patients with AF as screening for
the presence of LAA dysfunction in clinical practice. Although it
was reported that increased LAD, decreased fractional shortening,
and increased transmitral inflow velocities (E/A) were useful predic-
tors of LAA thrombus,Z("27 these transthoracic parameters were not
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Figure 4 (A) Relationship of TEE-LAWV and TTE-LAWV. TTE-
LAWV was significantly correlated with TEE-LAWV (R = .682,
P < .01). (B) Bland-Altman plot comparing TTE-LAWV and
TEE-LAWV (mean difference, 1.75 cm/s; limits of agreement,
—4.64 to 8.13 cm/s). (C) Relationship of LAA eV and TTE-
LAWV. TTE-LAWV was also significantly correlated with LAA
eV (R = .462, P < .05).

specific, and their predictive values were much lower compared with
transesophageal parameters. Recently, it was reported that DTI pat-
terns from the LAA measured by TEE were useful for risk assessment
of thromboembolism.'22° Therefore, DTI is thought to be a clinically
applicable and reliable imaging technique that affords a quantitative
assessment of regional LAA systolic function.

As shown in Figures | and 3, we could successfully evaluate LAWYV
using TTE. We found that there were significant correlations between
TTE-LAWYV and LA functional parameters obtained by TEE, such as
TEE-LAWYV (Figure 4A) and LAA eV (Figure 4C). Figure 5 demon-
strates that the ROC curves of TTE-LAWV and TEE-LAWV were
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Figure 5 ROC curve analysis for TTE-LAWV, TEE-LAWV, LAA
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Table 4 Univariate and multivariate logistic regression
analyses for LAA thrombus formation

95%
Risk confidence
Variable ratio interval P

Univariate analysis
Age (per 1-SD increase)
CHADS, score (per 1-SD increase)
LAD (per 1-SD increase)

2.261 1.134-4.420 .019

1.878 1.032-3.417 .016
2.282 1.363-3.833 .002

LAA eV < 20 cm/s 12.30 3.669-28.93 <.001
SEC 14.81 5.032-43.56 <.001
TTE-LAWV < 8.7 cm/s 17.47 5.279-57.82 <.001

Multivariate analysis
Age (per 1-SD increase)
CHADS; score (per 1-SD increase)
LAD (per 1-SD increase) 0.706 0.330-1.499 .362
LAA eV < 20 cm/s 1.468 0.224-9.615 .689
SEC 2.280 0.528-9.844 .269
TTE-LAWV < 8.7 cm/s 9.473 1.172-76.55 .035

1.149 0.439-3.054 .766
1.302 0.606-2.802 .499

quite similar. This result suggests that our measuring method using
TTE can evaluate the wall velocity of the LAA properly. The
CHADS,; score is a risk stratification system for patients with nonvalv-
ular AE" It was reported that high-risk patients defined according to
the CHADS, scheme had a high rate of ischemic stroke despite re-
ceiving warfarin.'* Figure 2 demonstrates that LAWYV decreased
with advancing CHADS, score in patients with AF. This result sug-
gests that the endothelial dysfunction caused by aging, the prevalence
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of hypertension, and diabetes mellitus may reduce LAA function,
which is involved in LAA thrombogenesis.

Patients with LAA thrombi had greater increases in fibrinogen, a;-
plasmin inhibitor, and fibrinogen degradation products compared
with those without (Table 2). We and others have reported that ele-
vated levels of coagulation markers such as fibrinogen and fibrin-
monomer are useful for the risk stratification of prognoses and out-
comes in patients with ischemic stroke.?%2? In the present study,
TTE-LAWV was weakly correlated with fibrinogen (R = —0.240,
P=.017). LAA dysfunction may be associated with systemic hyperco-
agulable state and long-term ischemic stroke recurrence.

There were no significant differences in sensitivity, specificity, and
area under the ROC curve for predicting LAA thrombus between all
patients (n = 106) and those with cardioembolic (n = 35) or crypto-
genic (n= 2) stroke (sensitivity, 77% vs 80%; specificity, 76% vs 70%;
area under the ROC curve, 0.815 vs 0.752). We thought that LAWYV
could evaluate the LAA dysfunction that was independent of stroke
subtypes and useful for risk stratification of thromboembolism as
a screening tool in patients with ischemic stroke.

Recently, Sallach et al*° reported that DTI velocities of the LAA
walls (anterior, posterior, and apical) evaluated by TTE are useful in
determining the severity of LAA SEC and detecting LAA thrombi
in patients with AF. Because their results are consistent with those
of the present study, it is suggested that TTE-LAWYV may be a promis-
ing way to detect LAA dysfunction.

This study had several limitations. First, this study included various
stroke subtypes. Second, patients were anticoagulated with a lower
limit of therapeutic range in this study. Poor anticoagulation might in-
fluence the echocardiographic findings, such as the prevalence of
LAA thrombus and SEC. Third, the number of subjects was relatively
small. Fourth, we did not measure the other LAA wall velocities, such
as anterior, posterior, and lateral. However, a previous study demon-
strated that DTI velocities of the LAA tip were very similar to that of
LAA anterior, posterior, and lateral walls.>®

In conclusion, low TTE-LAWV may be a reliable noninvasive
marker of LAA dysfunction and predict LAA thrombus formation.
TTE-LAWYV may be useful for the risk stratification of systemic embo-
lism, including cardioembolic stroke.
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