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Abstract A low ratio of eicosapentaenoic acid to ara-
chidonic acid (EPA/AA) has been demonstrated to be
associated with a higher risk of cardiovascular events.
Optical coherence tomography (OCT) is useful for the
assessment of coronary plaque vulnerability. The purpose
of this study was to evaluate the association between
EPA/AA ratio and coronary plaque vulnerability. This
study involved 58 patients with stable angina pectoris
undergoing percutaneous coronary intervention. OCT
image acquisition was performed before the procedure in
the culprit lesions. We assessed lipid-rich plaque length
and arc, fibrous cap thickness, frequency of thin-cap fi-
broatheroma (TCFA), thrombus, ruptured plaque, macro-
phage infiltration, and microvessels using OCT. Patients
were divided into two groups according to the median
value of serum EPA/AA ratio: a low-EPA/AA group (n =
29, EPA/AA ratio <0.36) and a high-EPA/AA group (n =
29, EPA/AA ratio >0.36). In qualitative analyses, TCFA
(35.4 vs 6.9 %, P = 0.0095), macrophage infiltration (48.3
vs 13.8 %, P = 0.0045), and microvessels (44.8 vs 10.3
%, P = 0.0033) were more frequently observed in the
low-EPA/AA group. In quantitative analyses, the low-
EPA/AA group had wider maximum lipid arc (114.0 =
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94.8° vs 564 =+ 66.0°, P = 0.0097), longer lipid length
4.8 £ 4.5 vs 1.6 &= 2.6 mm, P = 0.0037), and thinner
fibrous cap (69.3 & 28.3 vs 113.3 &+ 46.6 pm, P = 0.005)
compared with the high-EPA/AA group. EPA/AA ratio
was positively correlated with fibrous cap thickness (r =
0.46, P = 0.007). In a multivariate model, an EPA/AA
ratio <0.36 was associated with the presence of TCFA
(odds ratio 6.41, 95 % confidence interval 1.11-61.91,
P = 0.0371). In our detailed OCT analysis, lower EPA/
AA ratio was associated with higher vulnerability of
coronary plaques to rupture.

Keywords Eicosapentaenoic acid to arachidonic
acid ratio - Vulnerable plaque - Optical coherence
tomography

Introduction

Intensive lipid-lowering therapy with statins is regarded as
one of the effective treatments for the stabilization of
coronary artery plaques, and reduces the risk for coronary
events and mortality [1-3]. However, cardiovascular events
occur in some patients even with statin therapy. Previous
studies have shown that consumption of fish and fish oils
was associated with a decreased risk of cardiovascular
disease. Fish and fish oil are sources of the omega-3 fatty
acid eicosapentaenoic acid (EPA). A high serum ratio of
EPA to arachidonic acid (AA) may play an important role
in preventing future cardiovascular events and contributing
to a better outcome [4-6]. The Japan EPA Lipid Inter-
vention Study (JELIS), a large randomized clinical trial,
showed that purified EPA administration along with statin
therapy reduced the incidence of coronary events by 19 %
compared with statin therapy alone [7].
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Atherosclerosis has an important inflammatory compo-
nent, and acute cardiovascular events can be initiated by
inflammatory processes occurring in vulnerable plaques
[8~10]. A major cause of acute coronary syndrome (ACS)
is the disruption of vulnerable plaques with superimposed
thrombus. The anti-inflammatory effects of marine n-3
polyunsaturated fatty acids (PUFAs) may contribute to
their protective actions toward atherosclerosis, plaque
rupture, and cardiovascular mortality [11]. Optical coher-
ence tomography (OCT) is a high-resolution imaging
technology that can provide a detailed observation of the
vulnerable coronary plaque, such as thin-cap fibroatheroma
(TCFA), plaque rupture, and intracoronary thrombus.

The purpose of this study was to investigate the asso-
ciation between the serum EPA/AA ratio and plaque vul-
nerability evaluated by OCT.

Patients and methods
Study patients

This study enrolled 312 consecutive patients with ACS or
stable angina pectoris who underwent percutaneous coro-
nary intervention (PCI) and an intracoronary OCT exami-
nation. The exclusion criteria were ACS, congestive heart
failure, cardiogenic shock, an intercurrent infection or other
inflammatory disease, in-stent restenosis, total occluded
lesion, lesions with large quantity of thrombus, no blood
samples, and poor image quality of OCT for analysis.
According to these exclusion criteria, ultimately 58 patients
were enrolled into this study. We divided these patients into
two groups according to the median value of serum EPA/
AA ratio: patients with a low EPA/AA ratio (n = 29, EPA/
AA ratio <0.36) and patients with a high EPA/AA ratio (n=
29, EPA/AA ratio >0.36). OCT findings in the culprit
lesions were compared between the two groups.

Blood samples were obtained in the fasting state on
admission for measurements of PUFAs (EPA, AA, and
docosahexaenoic acid (DHA)). The measurement was
performed by gas chromatography at the central laboratory
(SRL, Tokyo, Japan). In brief, serum lipids were extracted
by Folch’s procedure, then fatty acids (tricosanoic acid,
C23:0, as the internal standard) were methylated with
boron trifluoride and methanol. The methylated fatty acids
were then analyzed using a gas chromatograph (GC-2010;
Shimadzu, Kyoto, Japan) equipped with a capillary column
(TC-70; GL Sciences, Tokyo, Japan).

ACS includes acute myocardial infarction defined by
The Joint European Society of Cardiology/American Col-
lege of Cardiology Committee, and unstable angina pec-
toris defined according to the Braunwald -clinical
classification. Hypertension was defined by the Joint

National Committee VII, diabetes mellitus by the World
Health Organization (WHO) Study Group, and hypercho-
lesterolemia by the Japan Atherosclerosis Society Guide-
lines. The study was approved by the hospital ethics
committee, and informed consent was obtained from all
patients before the study.

OCT image acquisition and analysis

OCT imaging was performed before PCI and after the
administration of 100-200 mg intracoronary nitroglycerin,
In the present study, images were acquired using a time-
domain (M2CV OCT Imaging System; LightLab Imaging,
Westford, MA, USA) or a frequency-domain (C7-XR OCT
Intravascular Imaging System; St Jude Medical, St Paul,
MN, USA) OCT system. The intracoronary OCT imaging
technique has been described previously [12, 13]. In the

‘M2 system, a 0.016-inch OCT catheter was advanced to the

culprit lesion through a 3-F occlusion balloon catheter. To
remove the blood from the field of view, the occlusion
balloon was inflated to 0.6 atm at the proximal site of the
culprit lesion, and Lactated Ringer’s solution was infused
into the coronary artery from the distal tip of the occlusion
balloon catheter at 0.5 mL/s. The entire length of the cul-
prit lesion was imaged using an automatic pullback device
moving at 1 mm/s, and the OCT image clearly visualized
the culprit lesion. In the C7 system, a 2.7-F OCT imaging
catheter (Dragonfly; LightLab Imaging, Westford, MA,
USA) is advanced distal to the lesion; automatic pullback
was started as soon as the blood was cleared by the
injection of contrast media or Dextran. All images were
stored digitally for subsequent offline analysis.

OCT image analysis was performed by two experienced
observers blinded to the clinical information by using pre-
viously established criteria for OCT plaque characterization
[14]. OCT analysis was performed in the culprit lesion. The
presence of TCFA, plaque rupture, macrophage infiltration,
microvessels, and intracoronary thrombus were evaluated.
When lipid was present in >2 quadrants in any of the
images within a plaque, it was considered a lipid-rich pla-
que. In the culprit lesion, maximum lipid arc was measured.
Lipid length was defined as length of lipid-rich plaque and
measured on longitudinal view. TCFA was defined as a
lipid-rich plaque with a fibrous cap thickness measuring
<65 pum. The fibrous cap thickness of lipid-rich plaque was
measured at the thinnest part three times, and the average
value was then calculated. Plaque rupture was defined as an
intimal interruption and cavity formation in the plaque.
Macrophage infiltration was defined as bright spots with
high OCT backscattering signal variances. A microvessel
was defined as a no-signal tubular structure without a con-
nection to the vessel lumen recognized on > 3 consecutive
cross-sectional images. Thrombus was identified as an
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Table 1 Patients’ characteristics

All (n = 58) Low EPA/AA (n = 29) High EPA/AA (n = 29) P value”

Age (years) 69 +9 67+9 719 0.17
Male, n (%) 39 (67) 19 (66) 20 (69) 0.78
Body mass index (kg/m?) 2477 + 3.4 254 4+ 2.8 240+ 39 0.12
Coronary risk factor, n (%)

Smoking 35 (60) 16 (55) 19 (66) 0.42

Hypertension 50 (86) 24 (82) 26 (90) 0.45

Diabetes 38 (66) 20 (69) 18 (62) 0.58

Dyslipidemia 44 (76) 22 (76) 22 (76) 1.00
Cardiovascular history, n (%)

Myocardial infarction 16 (28) 8 (28) 8 (28) 1.00

PTCA or CABG 29 (50) 16 (55) 13 (45) 0.43
Culprit vessel, n (%) 0.18

LAD 28 (48) 15 (52) 13(45)

LCx 12 (21) 8 (27) 4 (14)

RCA 18 (31) 6 (21) 12 (41)
Culprit lesion

%DS, (%) 672+ 9.9 68.1 £+ 10.0 66.3 + 9.8 0.49

Type B2/C, n (%) 45 (78) 22 (76) 23 (79) 0.75
Medication use, 1 (%)

Antiplatelet agent 50 (86) 27 (93) 23 (79) 0.13

B-Blocker 20 (35) 9 @31 11 (38) 0.58

ACE-I/ARB 33 (57) 15 (52) 18 (62) 043

Statin 32 (55) 19 (66) 13 (45) 0.11

EPA/AA eicosapentaenoic acid (EPA) to arachidonic acid (AA) ratio, PTCA percutaneous transluminal coronary angioplasty, CABG coronary-
artery bypass grafting, LAD left anterior descending coronary artery, LCx left circumflex coronary artery, RCA right coronary artery, %DS
percent diameter stenosis, ACE-I angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker

* P value for low vs high EPA/AA ratio

irregular high- or low-backscattering mass protruding into
the lumen. If there was discordance of diagnosis between
the two observers, a consensus diagnosis was obtained
using repeated off-line readings.

Statistical analysis

Continuous variables were presented as mean = standard
deviation (SD). Comparisons were conducted by Student’s
t test or nonparametric Wilcoxon sum rank test for non-
normally distributed variables. Categorical variables were
compared by Chi-square test. Multivariate logistic regres-
sion analyses were performed to identify independent
predictors of OCT-detected vulnerable findings (TCFA,
plaque rupture, macrophage infiltration, microvessels, and
thrombus) by adjusting for predefined variables. Low-
density lipoprotein (LDL) cholesterol, high-density lipo-
protein (HDL) cholesterol, high-sensitivity C-reactive
protein (hsCRP), EPA/AA ratio, and DHA were included
in the multivariate logistic model. A P value of less than
0.05 was considered statistically significant. Statistical

@ Springer

analysis was performed with JMP, version 10 for windows
(SAS Institute, Cary, NC, USA).

Results

Table 1 shows the patients’ characteristics. The mean age
of all patients was 69 years, and 39 patients (67 %) were
men. There were no differences in the patient’ character-
istics between the two groups. EPA and EPA/AA ratio
were significantly lower in low-EPA/AA group than in the
high-EPA/AA group. There were no differences in the
serum lipid profile (total cholesterol, LDL cholesterol,
HDL cholesterol, and triglycerides) between the two
groups. There was no significant difference in hsCRP
between the low- and high-EPA/AA groups (0.36 + 1.24
vs 0.23 + 0.33, P = 0.58) (Table 2).

The comparison of plaque characteristics by OCT in the
low- and high-EPA/AA groups is shown in Table 3. The
representative OCT images of the coronary culprit lesions
in the low and high-EPA/AA groups are shown in Figs. 1
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Table 2 Serum lipid profile Low EPA/AA (1 = 29) High EPA/AA (1 = 29) P value
and fatty acid composition in
low- and high-EPA/AA groups Serum lipid value, mg/d]
Total cholesterol 175.8 4 35.3 175.8 = 38.0 0.99
LDL cholesterol 1014 4354 100.3 == 29.6 0.90
HDL cholesterol 39.8 4+ 12.6 43.1 4 13.3 0.25
P it Triglycerides 148.8 + 75.3 139.7 & 89.6 0.42
(EPA) tocilcfz};ﬁlﬁ:cc n\(éifl ‘(‘f\lA) PUFA value, pg/ml
ratio, LDL low-density EPA 472 + 14.5 90.5 &+ 36.4 <0.0001
lipoprotein, HDL high-density AA 190.2 &£ 53.0 160.8 - 48.4 0.03
lipoprotein, PUFA DHA 136.1 & 36.1 164.8 & 52.7 0.02
polyunsatuated faty acich DA ppasaA ratio 0.26  0.07 0.59 £ 0.26 <0.0001
Table 3 Plague characteristics Low EPA/AA (n = 29) High EPA/AA (n = 29) P value
of optical coherence
tomography in low- and high- Minimal CSA, mm® 1.4 + 0.8 1.6 0.8 0.26
EPA/AA groups g
Lipid-rich plaque, n (%) 14 (48.3) 8 (27.6) 0.10
Maximum lipid arc, ( °) 114.0 4 94.8 56.4 + 66.0 0.0097
Lipid length, mm 4.8 4+ 4.5 1.6 = 2.6 0.0037
TCFA, n (%) 10 (34.5) 2 (6.9) 0.0095
Fibrous cap thickness, um 69.3 + 28.3 113.3 £ 46.6 0.005
Plaque rupture, n (%) 5(17.2) 1(3.5) 0.08
EPA/AA cicosapentaenoic acid Macrophage infiltration, n (%) 14 (48.3) 4 (13.8) 0.0045
(EPA) to arachidonic acid (AA) Microvessels, n (%) 13 (44.8) 3 (10.3) 0.0033
ratio, CSA cross-sectional area, Thrombus, 1 (%) 6 (20.7) 4 (13.8) 0.49

TCFA thin-cap fibroatheroma

and 2. According to qualitative analysis, TCFA (35.4 vs 6.9
%, P =0.0095), macrophages (48.3 vs 13.8 %, P = 0.0045),
and microvessels (44.8 vs 10.3 %, P = 0.0033) were more
frequently observed in the low-EPA/AA group. The fre-
quency of plaque rupture tended to be higher in the low-
EPA/AA group (17.2 vs§ 3.5 %, P = 0.08). There were no
significant differences in the presence of lipid-rich plaque
and thrombus. According to quantitative analysis, the low-
EPA/AA group had a wider maximum lipid arc compared
with the high-EPA/AA group (114.0 £ 94.8° vs 564 +
66.0°, P = 0.0097), longer lipid length (4.8 == 4.5 vs 1.6 &
2.6 mm, P = 0.0037), and thinner fibrous cap (69.3 & 28.3
vs 113.3 &£ 46.6 pm, P = 0.005). The EPA/AA ratio was
positively correlated with fibrous cap thickness (» = 0.46,
P =0.007) (Fig. 2).

In the multivariate logistic regression model including
LDL cholesterol, HDL cholesterol, hsCRP, EPA/AA ratio,
and DHA, an EPA/AA ratio <0.36 had a significant asso-
ciation with the presence of TCFA (odds ratio 6.41, 95 %
confidence interval 1.11-61.91, P = 0.0371).

Discussion

The present study showed that the EPA/AA ratio was
associated with coronary plaque vulnerability of the culprit

lesions by OCT examination in patients with stable angina
pectoris. A low EPA/AA ratio had significant association
with a thinner fibrous cap, larger lipid-arc length, and
higher prevalence of TCFA, macrophages, and microves-
sels. An EPA/AA ratio <0.36 was a predictor for the pre-
sence of TCFA. The EPA/AA ratio was positively
correlated with fibrous cap thickness.

Epidemiologic and clinical evidence suggests that an
increased intake of marine n-3 PUFAs has protective
effects against the cardiovascular events and mortality,
including sudden cardiac death [7, 15, 16]. Inflammation is
now recognized to play an important role in atherosclerosis
[17, 18]. The anti-inflammatory actions of marine n-3
PUFAs may stabilize atherosclerotic plaques by decreasing
infiltration of inflammatory and immune cells into the
plaques, and by decreasing the activity of those cells once
in the plaque [11]. Our study demonstrated that macro-
phage infiltration was lower in the high-EPA/AA group,
which could offer one of the explanations for that mecha-
nism. The protective effects of marine n-3 PUFAs against
atherosclerosis have been confirmed in previous animal
and human studies [19, 20]. In the animal study, Apoli-
poprotein E-deficient or low-density lipoprotein receptor-
deficient mice were fed a Western-type diet or the same
diet plus EPA for 12 weeks. EPA reduced aortic lipid
deposition, consistent with earlier animal studies. EPA
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(A) Low EPA/AA
EPA/AA=0.14

Fig. 1 Representative optical coherence tomography (OCT) images
of the culprit lesions. The left (A) and right figures (B) are
representative OCT images of low- and high-EPA/AA groups,
respectively. In the case of the low-EPA/AA group, OCT cross-
sectional images show thin-cap fibroatheroma (thickness of the
fibrous cap = 63 um) with macrophage infiltration (asterisk) from the
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Fig. 2 Correlation between fibrous cap thickness and EPA/AA ratio.
There was significant correlation between EPA/AA ratio and fibrous
cap thickness identified by optical coherence tomography (r = 0.46,
P =0.007). EPA/AA eicosapentaenoic acid to arachidonic acid ratio

resulted in increased plaque collagen and decreased mac-
rophage numbers in the plaque. The human intervention
study conducted in patients awaiting carotid endarterec-
tomy showed that marine n-3 fatty acids are incorporated
from dietary fish-oil supplements into advanced athero-
sclerotic plaques, and that this incorporation is associated
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(B) High EPA/AA
EPA/AA=0.60

d

6 o’clock to the 9 o’clock position (a) and a microvessel (arrow)
observed as black holes within a plaque in the 9 o’clock position (b).
In the case of the low-EPA/AA group, fibrocalcified plaques were
observed (c, d). EPA/AA eicosapentaenoic acid to arachidonic acid
ratio

with structural changes consistent with increased plaque
stability including reduced macrophage infiltration. In the
present study, coronary plaque vulnerability by OCT was
higher in the low-EPA/AA group than in the high-EPA/AA
group.

The current understanding of the major cause of ACS is
that it results from rupture of a vulnerable plaque [21, 22].
OCT is a high-resolution imaging technology, which can
provide detailed observation of the vulnerable coronary
plague. TCFA is recognized as a precursor lesion for pla-
que rupture. In the present study, multivariate analysis
adjusted for LDL cholesterol, HDL cholesterol, hsCRP,
EPA/AA ratio, and DHA revealed that a lower EPA/AA
ratio (EPA/AA ratio <0.36) was an independent factor for
predicting the presence of TCFA. Moreover, the EPAJ/AA
ratio was positively correlated with fibrous cap thickness.
Inflammatory cytokine production and expression of
adhesion molecules play important roles in the activation
of macrophage foam cells, resulting in plaque development
and weakening of fibrous cap [8, 23]. n-3 PUFAs have
protective effects against coronary plaque vulnerability by
inhibiting inflammatory cytokine production and expres-
sion of adhesion molecules [24, 25]. These mechanisms
might support our results.

To our knowledge, the present study is the first to examine
the association between EPA/AA ratios and coronary plaque
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vulnerability in patients with stable angina pectoris by OCT.
On the basis of a previous report, the results of which are
consistent our own, the EPA/AA ratio affects the coronary
plaque vulnerability of nonculprit lesions in patients with
stable angina pectoris [26]. Even with aggressive statin
therapy, a high residual risk of cardiovascular events
remains, and draws attention to the need for additional
preventive therapies [27, 28], Additional treatment with n-3
PUFASs in combination with statin therapy may be a thera-~
peutic approach to preventing future cardiovascular events,
because increases in serum EPA to AA ratios are associated
with low coronary plaque vulnerability.

Study limitations

This study had several limitations. First, the number of
subjects included was too small for evaluation of contrib-
uting factors to the findings of vulnerable coronary plaque
by OCT. Second, owing to-the limited axial penetration
depth, exact measurements of vessel and plaque area by
OCT were not possible. Third, plaque rupture, microves-
sels, macrophages, and thrombus were only used for
qualitative analysis and were not strictly validated. Fourth,
images were acquired using two kinds of OCT imaging
systems: time-domain or frequency-domain OCT. Fifth, we
did not perform OCT analyses in all three coronary vessels.

Conclusions

A lower EPA/AA ratio was associated with higher vul-
nerability of coronary plaques. Purified EPA administration
may have protective effects against vulnerable coronary
plaque.
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The strain pattern, and not Sokolow-Lyon electrocardiographic
voltage criteria, is independently associated with anatomic left
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Abstract Although obesity and chest-wall thickness
influence the Sokolow-Lyon electrocardiographic (ECG)
voltage criteria and strain pattern, these factors have not
been taken into account in previous studies that evaluate
the relationship between the ECG criteria and anatomic left
ventricular hypertrophy (LVH). The introduction of mul-
tislice computed tomography (MSCT) has enabled assess-
ment of not only coronary artery stenoses but also left
ventricular volume and mass, left atrial volume, and chest-
wall thickness. We hypothesized that evaluating the rela-
tion between the ECG voltage criteria or strain pattern and
the aforementioned factors using MSCT would be highly
valuable. The study population consisted of 93 patients
who required MSCT angiography. The Sokolow-Lyon
voltage and strain patterns were determined to detect
anatomic LVH, which was defined as increased left ven-
tricular mass. The Sokolow-Lyon voltage criteria, as an
indicator of anatomic LVH, had a sensitivity of 57 %,
specificity of 67 %, positive predictive value of 36 %, and
negative predictive value of 82 %. By contrast, the strain
pattern had a sensitivity of 65 %, specificity of 87 %,
positive predictive value of 63 %, and negative predictive
value of 88 %. Multivariate analysis revealed that the strain
pattern was associated with the presence of anatomic LVH,
whereas the Sokolow-Lyon voltage was not. This MSCT
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study demonstrated that even after removing the effects of
various factors, the strain pattern remained associated with
the presence of anatomic LVH, in contrast to the Sokolow—
Lyon voltage.

Keywords Electrocardiography - Sokolow—Lyon -
Strain - Computed tomography - Hypertrophy

Introduction

The Framingham Study showed that increased left ven-
tricular (LV) mass is associated with significantly
increased cardiovascular mortality and morbidity [1].
Although newer diagnostic tools are available, left ven-
tricular hypertrophy (LVH) detected by 12-lead electro-
cardiography (ECG) is a common manifestation of
preclinical cardiovascular disease [2]. However, the stan-
dard Sokolow—Lyon ECG voltage criteria have low sensi-
tivity for the detection of anatomic LVH, defined as
increased LV mass [3]. In addition to the voltage criteria,
the classic strain pattern of ST-segment depression and
T-wave inversion in the lateral precordial leads on resting
ECG is a well-known marker of the presence of anatomic
LVH, which is associated with a poor prognosis in a variety
of clinical populations [4, 5]. Although the strain pattern
can also reflect the presence of coronary artery stenosis, the
strong association between the strain pattern on ECG and
increased LV mass appears to be independent of the pre-
sence of coronary artery disease [2].

Although obesity, chest-wall thickness, and the distance
from the heart to the body surface influence the ECG
voltage criteria or strain pattern, these factors have not
been taken into account in previous studies evaluating the
relationship between the ECG criteria and anatomic LVH
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[2-6]. Recently, multislice computed tomography (MSCT)
has reached a high spatial and temporal resolution suffi-
cient to assess not only coronary artery stenoses and pla-
ques but also LV function, volume, and mass, as well as
left atrial (LA) volume [7-11]. Moreover, MSCT enables
the measurement of the exact distance from the heart to the
body surface [12, 13].

To date, little objective evidence exists regarding the
relation between the ECG voltage criteria or strain pattern
and numerous factors, including LV volume and mass, LA
volume, chest-wall thickness, and the distance from the
heart to the chest surface. Therefore, the present study was
designed to evaluate this relationship using MSCT.

Patients and methods
Patients

The study was based on a retrospective analysis of data
obtained from 93 consecutive patients without contraindi-
cations to MSCT such as severe renal dysfunction or iodine
contrast allergy, who had a clinical indication for MSCT
angiography for coronary artery evaluation. All patients
underwent contrast-enhanced MSCT in the retrospective
ECG-gated scanning mode and a resting 12-lead ECG.
Patients with atrial fibrillation, bundle branch block, signif-
icant coronary artery stenoses with a lumen reduction of 50
% or more detected by MSCT, and history of myocardial
infarction, previous coronary artery bypass grafting, or per-
cutaneous transluminal intervention were excluded. Patients
were classified into either the anatomic or nonanatomic LVH
groups according to the LV mass index, measured using
MSCT, as follows: anatomic LVH was diagnosed if the LV
mass index was >104 g/m2 in women or >116 g/m2 in men;
nonanatomic LVH was diagnosed if the L'V mass index was
<104 g/m? in women or <116 g/m” in men [2, 6, 12, 13].

The following data were collected: age, sex, presence of
risk factors (smoking and hypertension, as defined by the
Joint National Committee VII; diabetes mellitus, as defined
by the World Health Organization Study Group; or
hypercholesterolemia, as defined by the Japan Athero-
sclerosis Society Guidelines), body mass index (BMI), and
blood pressure before image acquisition. BMI was calcu-
lated by dividing the body weight (kg) by the square of the
height (m), and overweight was defined as a BMI of >25.0
kg/m®. Informed consent was obtained from all patients
before the study.

Electrocardiography

All resting 12-lead ECGs were obtained within 3 days
before MSCT. No patients experienced chest pain during

the ECG recordings. Standard amplifications, filter settings,
and paper speed were used. ECGs were interpreted by two
experienced readers (K.M. and T.I.) who were blinded to
the clinical information. The standard Sokolow-Lyon
voltage criteria for the detection of LVH were examined
(Svi + Rys or v = 3.5 mV) manually. Furthermore,
repolarization abnormalities in leads Vs and/or Vg indi-
cated a typical strain pattern when there was a downsloping
convex ST segment with an inverted asymmetric T-wave
opposite to the QRS axis [2, 4, 14].

MSCT image acquisition

The patients were scanned in the supine position, during a
single breath-hold, using a 64-slice CT scanner (Somatom
Sensation 64; Siemens Medical Solutions, Erlangen, Ger-
many). Patients with a heart rate of >65 beats/min received
20-60 mg metoprolol orally 2 h before the MSCT scan. In
addition, all patients received 0.6 mg nitroglycerin sub-
lingually immediately before MSCT.

For coronary CT angiography, 65-85 ml of contrast
medium (Iopamiron 370; Bayer Health Care, Berlin, Ger-
many) was injected into the cubital vein through a dual-
head injector at a rate of 3.5-4.0 ml/s, depending on the
body weight; thereafter, 30 ml of a saline solution chaser
was injected. The scan delay was determined using the
bolus tracking technique. The CT examination was per-
formed with a tube voltage of 120 kV, effective tube cur-
rent—time product of 770 effective mAs, collimation of 64
x 0.6 mm, pitch of 0.2, and gantry rotation time of 330 ms.

CT image analysis

CT image analysis was performed by a single experienced
cardiologist (K.O.) who was blinded to the clinical infor-
mation and ECG findings. The MSCT evaluation factors
are shown in Fig. 1. First, for evaluation of coronary artery
stenosis, ECG-correlated image reconstruction was retro-
spectively performed using an effective slice thickness of
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Fig. 1 Multislice computed tomography evaluation factors
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