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0.75 mm and an increment of 0.4 mm. A field of view of
180 x 180 mm?2, 512 x 512 matrix, and medium smooth
convolution kernel (B25f) were applied. The first recon-
struction was performed at a heart phase of 70 % of the
R-peak-to-R-peak interval to select the most suitable
images without motion artifacts. Additional reconstructions
in 5 % of the steps were performed if motion artifacts were
present. Straight multiplanar reconstructions, maximum-
intensity projections, and volume-rendering applications of
an offline workstation (Ziostation; Amin, Tokyo, Japan)
were used to evaluate coronary artery stenosis. At this
point, patients with significant coronary artery stenoses
with a lumen reduction of 50 % or more were excluded
from the study, as this factor might influence the ECG
voltage or ST segment.

Second, we measured the LV end-diastolic volume
(EDV), end-systolic volume (ESV), ejection fraction, and
mass using commercially available, previously validated
software [7, 15] (Syngo Circulation 2; Siemens Medical
Solutions), and indexed these parameters to the body sur-
face area. For LV volume analyses, serial axial images
(slice thickness: 2.0 mm) were reconstructed from the raw
data for every 10 % (0-90 %) of the R-R interval. A field
of view of 200 x 200 mmz, 512 x 512 matrix, and medium
smooth convolution kernel (B25f) were applied.

Third, LA volume analysis was performed offline using
the same software. The maximum LA volume, obtained at
end-systole from the phase immediately preceding mitral
valve opening, was measured using Simpson’s methods, as
previously described [8]. The confluence of the pulmonary
veins and LA appendage were excluded from the
measurements.

Finally, we measured the thickness of the chest wall and
the distance from the LV apex to the chest surface,
according to the method described in previous reports [12,
13]. In brief, the smallest line from the LV apex to the
inner chest wall was identified visually from the axial
images obtained in the early systolic phase. Then the
sagittal image in which the plane passes through this line
was used to measure the distances from the LV apex to the
inner chest wall and to the chest surface. The chest-wall
thickness was calculated as the difference between the
distances from the LV apex to the chest surface and to the
inner chest wall. To evaluate the interobserver and intra-
observer variability, the determination of the distances
from the LV apex to the inner chest wall and to the chest
surface of 15 randomly selected patients were performed
by two independent observers, and repeated by each
observer a week later. Both observers were cardiologists
with 3 years of experience in cardiac imaging, who were
blinded to the other’s findings and the clinical data. The
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measurement of the distance from the L'V apex to the inner
chest wall had an intraobserver variability of 12.1 &= 5.8 %
with a correlation of 0.99, and an interobserver variability
of 12.9 4 7.8 % with a correlation of 0.99. The measure-
ment of the distance from the LV apex to the chest surface
had an intraobserver variability of 4.1 £ 2.3 % with a
correlation of 0.98, and an interobserver variability of 6.9
+ 2.7 % with a correlation of 0.94.

Statistical analysis

The results are presented as mean =+ standard deviation
(SD). The two groups were compared using an unpaired
Student’s ¢ test or a Mann—Whitney U test when the vari-
ance was heterogeneous. Categorical variables were com-
pared using the Chi-square test. The relations between
variables were assessed using Pearson’s correlation coef-
ficient. Furthermore, the statistical comparison of paral-
lelism in linear regression was performed using analysis of
covariance. Using the LV mass measured by MSCT as a
gold standard, the sensitivities, specificities, and positive
and negative predictive values of the Sokolow-Lyon
voltage criteria and strain pattern as indicators for anatomic
LVH were calculated according to standard methods.
Multivariate logistic regression analysis was performed to
identify independent factors associated with anatomic
LVH. Univariate predictors with a P value of less than 0.1
were entered into the multivariate model. The odds ratio
and its 95 % confidence interval (CI) for significant inde-
pendent variables in the multivariate analysis were calcu-
lated. All P values were two-sided, and P < 0.05 was
considered statistically significant.

Results

Clinical and CT findings of the anatomic
and nonanatomic LVH groups

The clinical characteristics of the 93 patients are shown in
Table 1. Of 93 patients, 23 (25 %) had anatomic LVH and
70 (75 %) did not. There were no statistically significant
differences in age, male gender, presence of risk factors,
BMI, frequency of patients whose BMI was more than 25
kg/m?, distance from the heart to the chest surface, and
frequency of LVH determined by the Sokolow-Lyon
voltage criteria between the anatomic and nonanatomic
LVH groups. However, in the anatomic LVH group the
systolic blood pressure, LV EDV (index) and ESV (index),
LA volume, chest wall thickness, Sy; + Rys or vs, fre-
quency of the strain pattern, LVH determined by the
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Table 1 Demographic, computed tomographic, and electrocardio-
graphic characteristics according to anatomic left ventricular
hypertrophy

Nonanatomic P
LVH (n = 70)

Anatomic
LVH (n = 23)

Age, years 629 62 = 12 0.793
Male, n 12 (52 %) 47 (67 %) 0.219
Hypertension, n 19 (83 %) 51 (73 %) 0.415
Hypercholesterolemia, n 9 (39 %) 29 (41 %) 0.999
Diabetes mellitus, n 3 (13 %) 12 (17 %) 0.755
Smoking, n 9 (39 %) 22 (31 %) 0.611
Body mass index, kg/m>  24.6 & 3.7 23.1 4 3.8 0.057
Overweight =25 kg/mz, n 8(35 %) 19 (27 %) 0.597
Blood pressure,, mmHg
Systolic 147 + 24 134 + 27 0.021
Diastolic 83 £ 16 77 £ 13 0.113
EDV, ml 172 + 79 127 + 30 0.002
EDV index, ml/m* 101 + 40 78 + 16 0.003
ESV, ml 89 £ 57 48 + 16 0.005
ESV index, ml/m? 53 £33 2949 0.004
Ejection fraction, % 51418 63+9 0.007
LV mass, g 250 & 81 139 + 29 0.0001
LV mass index, g/m2 147 + 34 85 + 14 0.0001
Left atrial volume, ml 106 4 43 73 4+ 25 0.001
Distance from heart to the 3.14 £ 095  3.07 £ 075  0.883
chest surface, cm
Chest-wall thickness, cm 2.55 4+ 091 2.07 £059 0.014
Svi + Rvs, mV 393 £ 132 298+ 1.02 0.002
Svi + Rye mV 355+ 138 2394082 0.0001
LVH by Sokolow-Lyon 13 (57 %) 23 (33 %) 0.052
voltage criteria, %
Strain pattern, % 15 (63 %) 9 (13 %) 0.0001
LVH by Sokolow-Lyon 11 (48 %) 8 (11 %) 0.0005
voltage criteria with
strain pattern, %
LVH by Sokolow-Lyon 209 %) 15 21 %) 0.224
voltage criteria without
strain pattern, %
Strain pattern without LVH 4 (17 %) 1 (1 %) 0.013

by Sokolow-Lyon
voltage criteria, %

Values represent mean = standard deviation (SD) or n (percentage).
Anatomic LVH was diagnosed if the LV mass index was >104 g/m?
in women or >116 g/m® in men

LVH left ventricular hypertrophy, EDV end-diastolic volume, ESV
end-systolic volume, LV left ventricular

Sokolow-Lyon voltage criteria with the strain pattern, and
the strain pattern without LVH determined by the Soko-
low-Lyon voltage criteria were significantly larger, and the
ejection fraction significantly smaller, than in the nonana-
tomic LVH group.

Performance of the Sokolow-Lyon voltage criteria
and strain pattern in the detection of anatomic LVH

Table 2 shows the sensitivity, specificity, and predictive
values of the Sokolow-Lyon voltage criteria, strain pattern,
and both as indicators of anatomic LVH. The Sokolow—
Lyon voltage criteria 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 pre-
dictive value of 63 %, and negative predictive value of 88
%. The Sokolow-Lyon voltage criteria with the strain
pattern had a sensitivity of 48 %, specificity of 89 %,
positive predictive value of 58 %, and negative predictive
value of 84 %.

As shown in Fig. 2, Sy; + Rys showed a positive cor-
relation with the LV mass index (all patients: r = 0.522,
P < 0.0001; overweight: » = 0.618, P < 0.001; nonover-
weight: r = 0.482, P < 0.0001). The slope did not signifi-
cantly differ between the two groups.

Multivariate logistic regression analysis

To identify the independent factors associated with ana-
tomic LVH, multivariate logistic regression analysis was
performed using BMI, systolic blood pressure, EDV index,
ejection fraction, LA volume, chest wall thickness, LVH by
Sokolow-Lyon voltage criteria, and the strain pattern
(using variables with P values <0.1 on univariate analysis).
Multivariate analysis revealed that the ejection fraction and
strain pattern remained associated with the presence of
anatomic LVH (Table 3). However, the Sokolow-Lyon
voltage was not associated with anatomic LVH.

Discussion

The present study demonstrates the relationship between
the Sokolow-Lyon ECG voltage criteria or strain pattern

Table 2 Performance of the Sokolow-Lyon electrocardiographic
voltage criteria and strain pattern for the detection of anatomic left
ventricular hypertrophy

Sokolow-Lyon Strain Sokolow-Lyon
voltage pattern voltage with
strain pattern
Sensitivity 57 65 48
Specificity 67 87 89
PPV 36 63 58
NPV 82 88 84

Values represent percentages

PPV positive predictive value, NPV negative predictive value
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patients (c). BMI body mass index

and several important factors, including LV volume and
mass, LA volume, chest-wall thickness, and the distance
from the heart to the chest surface. Multivariate analysis
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Table 3 Multivariate logistic regression analysis

Odds 95 % CI P
ratio
Body mass index 0.997  0.759-1.308 0.981
Systolic blood pressure 1.031  0.993-1.071 0.106
EDV index 1.015  0.970-1.061 0.523
Ejection fraction 0916  0.851-0.986 0.020
Left atrial volume 1.020  0.997-1.044 0.095
Chest-wall thickness 3.318  0.700-15.734  0.131
LVH by Sokolow—Lyon voltage  0.338  0.043-2.640 0.301
criteria
Strain pattern 23460  2.811-195.777 0.004

CI confidence interval, EDV end-diastolic volume, LVH left ventric-
ular hypertrophy

revealed that the strain pattern was more closely associated
with anatomic LVH than was the Sokolow—-Lyon voltage.

Several studies have reported that the ECG amplitude is
influenced by the patient’s body size. Abergel et al. [16]
demonstrated that the sensitivity of the standard Sokolow—
Lyon voltage criteria was much lower in obese patients
than in nonobese patients. Moreover, Horton et al. [17]
reported that the distance from the heart to the chest sur-
face influences the amplitude of the recorded precordial
voltage. They calculated the distance from the chest sur-
face to the mid-LV using echocardiography. However, they
did not consider the chest-wall thickness and LA size. The
Sokolow-Lyon voltage is the sum of two precordial volt-
ages, which are both dependent on the distance between the
heart and the electrode (chest surface). In our previous
study [13], the Sokolow-Lyon voltage showed a stronger
association with the distance to the chest surface, which
correlated with body-size measurements such as BMI.
Therefore, the sensitivity and negative predictive value of
the Sokolow-Lyon voltage in the obese patients were
lower than those in the nonobese patients. By contrast, the
specificity and positive predictive value of the Sokolow—
Lyon voltage in the obese patients were higher than those
in the nonobese patients. In the present study, Sy; + Rys
showed a positive correlation with the LV mass index,
although the slope did not significantly differ between the
overweight and nonoverweight groups. The prevalence of
obesity in the patient population studied may have influ-
enced these results. Therefore, in the clinical setting the
body size should be taken into account when interpreting
Sokolow-Lyon voltage results.

By contrast, the strain pattern was independently asso-
ciated with the presence of anatomic LVH. Okin et al. [4]
demonstrated that the strain pattern is associated with
increased L'V mass and a high prevalence of anatomic
LVH, and that the combination of the strain pattern and
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increased LV mass on echocardiography markedly
increases the risk of cardiovascular disease and all-cause
mortality [5]. Thus far, several previous studies examining
the prognostic effects of LVH have used two-dimensional
echocardiography with direct visualization of the myocar-
dium and real-time imaging [4, 5]. Two-dimensional
echocardiography can detect LVH by measuring the LV
wall thickness. However, this modality is operator depen-
dent, and may be impaired by a poor acoustic window and
inadequate endocardial border discrimination in 5-10 % of
patients [18]. Moreover, assumption of the geometric shape
for both M-mode and two-dimensional echocardiography
may lead to errors, particularly because variations in ven-
tricular geometry affect the calculated LV mass. It is likely
that three-dimensional echocardiography will become the
technique of choice for precise LV mass measurements. On
the other hand, three-dimensional MSCT used in the
present study shows excellent definition of the endocardial
and epicardial borders [7, 15]. Using MSCT as a gold
standard for LVH assessment, Truong et al. [19] reported
the diagnostic performance of seven ECG-based LVH
criteria. Their data revealed that the ECG criteria for LVH
have high specificities, with the Cornell-based criteria
providing the best test performance for identifying patients
with LVH. We also reported the overall superiority of
Cornell voltage over Sokolow-Lyon voltage for the
detection of LVH [13]. As the Cornell voltage is the sum of
the precordial and limb voltages, this result would be less
dependent on chest-wall thickness. However, Truong et al.
also did not consider the effect of chest-wall thickness.
MSCT allowed us to evaluate not only the LV mass, LA
volume, and coronary arteries more precisely than echo-
cardiography, but also the distance from the heart to the
chest surface or the chest-wall thickness from the same
scan, regardless of body size. It should be noted that no
patient was excluded from cardiac quantitative assessment
with MSCT because of poor image quality.

Finally, the history of traditional risk factors, such as
hypertension and diabetes mellitus, were not associated
with anatomic LVH in the present study. Hence the com-
prehensive factors, such as severity, duration, or control
status of disease, would lead to concentric LVH, which
may have a more important impact than the history of risk
factors. Further studies are needed to clarify these complex
relationships.

Study limitations

There are several limitations in the present study. First, LV
mass calculations were performed using software on ECG-
gated cardiac MSCT scans alone. Magnetic resonance (MR)
imaging is considered the gold standard for the assessment of

LV function and mass. However, the availability of cardiac
MR scanners capable of cardiac imaging and the skilled
personnel needed to obtain and interpret the imaging results
limits widespread clinical application of this technique.
Furthermore, cardiac MR image acquisition is relatively
time consuming. By contrast, MSCT has advantages over
cardiac MR imaging in terms of image-acquisition time and
its widespread availability, despite the relatively high radi-
ation dose and requirement of iodinated contrast material.
Therefore, it is important to obtain as much relevant infor-
mation using the same data set as acquired for noninvasive
coronary angiography, although we could not adopt MSCT
as the primary method of determining LV mass. Second, the
population was highly selective; patients with atrial fibril-
lation, bundle branch block, or significant coronary artery
stenosis, and a history of myocardial infarction, previous
coronary artery bypass grafting, or percutaneous translumi-
nal intervention were excluded. Thus, our findings may not
apply to more general populations. Third, ECG measure-
ments were obtained from a single tracing, although mea-
surement variability on ECG has been reported. Finally, the
number of patients examined was very small. Multivariate
analysis revealed that the odds ratio of the strain pattern was
relatively high, but the 95 % CI was wide. This may have
limited the precision and statistical power of the study.

Conclusions

This MSCT study demonstrated that even after removing
the effects of various factors, the strain pattern was still
associated with the presence of anatomic LVH, whereas the
Sokolow-Lyon voltage was not. In the clinical setting, this
finding should be taken into account in the interpretation of
LVH detected using 12-lead ECG.
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Aims

Methods
and results

Increasing cllnlcal ewdence has emphasrzed the lmportance of coronary plaque characteristics, rather than the severlty of
luminal narrowmgon acute coronary syndrome (ACS) outcome. Computed tomographlc coronary angiography (CTCA)
is a unique, non-invasive approach for assessing plaque characteristics. This study was prospectlvely designed to investi-
gate the prognostic value of physnologlcally non-obstructive but a vulnerable coronary plague on CTCA for predlctmg
future ACS events. - : '

This study consnsted of 543 patients who had undergone CTCA and had normal findings on exercise-stress myocardlal
perfusion smgle-photon emission computed tomography CTCA analy5|s included the presence of >50£ luminal sten-

- osis and vulnerable features including positive remodelllng (PR), low-a’ctenuatlon plaque, and rmg-like slgn The primary
: endpomt was ACS events including cardiac death, non—fatal myocardral tnfarct|on and unstable angina. The mean follow-

up period was 34408 years. The 3-year cumulative event rate was 1 26 per year, and 87% of ACS events occurred in
plaques with at least one of vulnerable features. In patlent -based multlvarlate analysis, the presence of plaque. w:th

““vulnerable features on CTCA was a significant predictor for future ACS events (P.= 0.001). Patients w1th vulnerable

plaque had worse ACS outcomes compared with those without vulnerable plaques (3—year cumulative event rate; 3.2

: per year vs. 0.8%, P <0 001)

Cenclusion This study demonstrated that physiologically non- obstructlve but vu Inerable coronary plaques were associated wnth
future ACS ‘events. We should pay more attention to currently non-obstructive plaque but showing vulnerable
morphologies on CTCA.

Keywords acute coronary syndrome o computed tomographic angiography prognosis

I ntrod u ction Computed tomographic coronary angiography (CTCA) has emerged

as an accurate and non-invasive imaging modality that can identify plaque

Myocardial perfusion on exercise-stress single-photon emission
computed tomography (SPECT) is an established gold standard tech-
nique for physiological assessment of luminal narrowing. Because
normal findings on myocardial perfusion SPECT are associated
with benign outcomes,’ ™ a plaque showing a normal myocardial
perfusion image has been disregarded in terms of predicting future
acute coronary syndrome (ACS) events.

composition as well as the severity of coronary artery lumen narrow-
ing.'r’_8 Recent CTCA studies have shown that certain plaque morpholo-
gies on CTCA, including positive remodelling (PR), low-attenuation
plaque (LAP), and ring-like sign, are closely associated with future ACS
events.”'® A recent intravascular ultrasound study suggested the im-
portance of assessing plaque characteristics for predicting ACS events,
irrespective of coronary artery luminal narrowing.'’ However,
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discussion still remains whether plaques that do not cause physiological
obstruction but have vulnerable characteristics have any clinical signifi-
cance for predicting future ACS events. This prospective study aimed
to investigate the prognostic importance of CTCA-featured plaque
characteristics on the occurrence of future ACS events in patients
with normal findings on exercise-stress myocardial perfusion SPECT.

Methods

Study population

During the period from April 2007 to March 2011, consecutive 1956
patients who prospectively underwent CTCA for chest pain
(n=1212) or multiple coronary artery disease (CAD) risk factors
(n = 744) were screened for participation in the present study. Patients
gave written informed consent before the CTCA examinations, and
patients with coronary plaques on CTCA who had normal SPECT
results were followed. The exclusion criteria were (i) previous history
of coronary artery bypass grafting, (i) previous history of myocardial in-
farction, and (jii) valvular heart disease of more than moderate severity.
Based on the findings of CTCA, patients with normal coronary arteries
(no plaque) (n = 390) and patients who required coronary angiography
and/or revascularization (n = 406) were excluded. Also, patients were
excluded when at least one major coronary artery segment was uninter-
pretable to analyse due to motion artefacts or heavy calcification
(n = 19). Followingthe protocol, 762 patients were referred for exercise
stress SPECT within 4 weeks after CTCA examination (19 =+ 8 days), and
567 patients showed normalt myocardial perfusion SPECT. Patients lost
to follow-up were excluded at the time of the last follow-up assessment
(n = 24). The final study population consisted of 543 patients (344 men,
mean age 65 + 10 years). An exclusion flow diagram was summarized in
Figure 1. Blood samples were taken at the CTCA examination to measure
serum creatinine, fasting lipids, glucose, glycated haemoglobin, and
C-reactive protein (CRP). All patients received optimized medical
therapy for atherosclerotic risk factors according to the American
College of Cardiology Foundation/American Heart Association
(ACCF/AHA) guidelines based on structured interviews by the attending
physicians. Each patient was followed once every 2 months until the end
of the study or the occurrence of ACS events using structured interviews
and clinical examinations by physicians. This study design was approved
by the Institutional Review Board of Osaka Ekisaikai Hospital.

Scan protocol and image reconstruction

The CTCA was performed using a SOMATOM Sensation 64 system
(Siemens Medical Systems, Forchheim, Germany), with the following
scan parameters: 64 x 0.6 mm collimation, tube voltage of 120 kY,
gantry rotation time of 330 ms, and tube current of 770850 mA. For
the contrast-enhanced scans, 50—80 mL of non-jonic contrast agent
(Omnipaque 350, Daiichi Sankyo Co, Tokyo, Japan) was injected intra-
venously at a flow rate of 3.5~5.5 mL/s followed by 30 mL of saline.
Delay time was defined using the bolus tracking technique with a
region of interest positioned at the level of the ascending aorta in the
monitoring scan and using a manually triggered threshold of 100 Houns-
field units (HU) for the main scanning. All patients received 5 mg of biso-
prolol orally before the computed tomography (CTCA) scan, and
patients with a heart rate >70 beats/min received 2 mg of metoprolol
intravenously. In addition, patients received 0.6 mg of sublingual nitrogly-
cerin. All scans were performed during a single breath hold. The raw data
were reconstructed using algorithms optimized for electrocardiography-
gated multi-slice spiral reconstruction. Retrospective gating was used and
the estimated radiation dose was 9 mSv.

Analysis of CTCA

All three major vessels were assessed in every patient using the modified
17-segment AHA modelfor coronary segment classification. In each cor-
onary artery segment, coronary atherosclerotic plaque was defined as a
tissue structure >1 mm? that existed either within the coronary artery
lumen or adjacent to the coronary artery lumen and that could be discri-
minated from the surrounding pericardial tissue, epicardial fat, or the
vessel lumen itself."™'” The severity of luminal-diameter stenosis was
visually divided into (i) <<50% luminal stenosis, (i) 50—69% luminal sten-
osis, or (i) =>70% luminal stenosis. The vessel was displayed on axial
images and multi-planar reconstruction images, and diameter stenosis
was estimated using proximal and distal reference segments. The refer-
ence segment was the most adjacent points to the maximal stenosis at
which there was minimal or no plaque. Each plaque was classified as
follows: (i) non-calcified plaque = plaque with lower density compared
with the contrast-enhanced vessel lumen without any calcification
(>150 HU), (ii) calcified plaque = plaque with predominantly calcifica-
tion, or (iii) mixed plaque = plaque with a small amount of calcification
elements within a single p[aque.10

In non-calcified and mixed plaques, the presence or absence of the fol-
lowing three vulnerable features was analysed: LAP, PR, and ring-like sign.
First, non-calcified plaques were divided into LAP (plaques with <30
HU) and intermediate-attenuation plaques (plaques between 30 and
150 HU).>'® To identify the presence of LAP, a region of interest was
placed on at least five randomly selected points within each plaque, and
the mean value was defined as the plaque density. Secondly, the remod-
elling index was defined as the ratio of the vessel diameter at the plaque
site to the reference diameter set proximal to the lesion in a normal-
appearing vessel segment. The presence of PR was defined as a remodel-
ling index >1.1.”"° Finally, a ring-like sign represented a plaque core with
low attenuation surrounded by a rim-like area of higher attenuation. The
ring-like sign was defined by the following criteria: (i) the presence of a
ring of high attenuation around certain coronary artery plaques and
(if) CTCA attenuation of the ring, presenting higher than those of the ad-
jacent plaque and no >150 HU."®" Figure 2 shows a representative case
of vulnerable featured plaque on CTCA that resulted in an ACS event.

AllCTCA data sets were analysed on a per-segment basis by two inde-
pendent experienced readers (A.T. and K.S.) who had >5-year experi-
ence in CTCA analysis with the number of CTCA examinations
compatible with ACCF/AHA clinical competence statement training
level 3. In case of disagreement or intermediate CTCA results, the
plagues were reevaluated for the consensus judgement. They were
blinded to clinical characteristics and the results of SPECT until the end
of patient’s enrolment period in this study (March 2011).

Myocardial perfusion image acquisition

and analysis

Each patient underwent ECG-gated myocardial perfusion SPECT with
symptom-limited exercise onabicycle. The endpoints included excessive
fatigue, dyspnoea, moderate-to-severe angina, hypotension, diagnostic
ST depression, or significant arrhythmia. At peak exercise, thallium-201
(zmTL) was injected intravenously, and the patient was encouraged to ex-
ercise for another 1 min. Initial images were obtained immediately after
the termination of exercise and delayed images were obtained 4 h
later. Patients were asked to refrain from ingesting caffeine-containing
beverages for at least 12 h, nitrates and calcium channel blockers for
24 h, and B-blockers for 48 h, before the myocardial perfusion study.
Gated SPECT studies were performed with a 2-head gamma camera
(GCA-7200; Toshiba Medical Systems, Otawara, Japan) equipped with
low-energy, general-purpose collimators, with the detectors set to
form a 180° angle. Sixty equidistant projections were acquired over
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¥

Patients referred to exercise-stress SPECT for
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Figure | Flow diagram of p‘ati‘e"nt:"eri rolment. CTCA, computed tOm‘o'gr‘aphic‘:"cor:oha‘r‘y angiography; SPECT, syinglé'-r.‘uyho‘foﬁ emission computed

tomography.

360°ina 64 x 64 matrix. Acquisition of images was performed with 30 s
per step, in 6° angular steps. For all patients, SPECT image set was recon-
structed at a dedicated workstation (GCA-7200; Toshiba Medical
Systems, Otawara, Japan) into short-axis, vertical long-axis, and horizon-
tal long-axis sections encompassing the entire left ventricle. No attenu-
ation correction was applied. In addition, polar maps of perfusion were
produced using a dedicated software package (GCA-7200; Toshiba
Medical Systems, Otawara, Japan).

Myocardial perfusion SPECT image interpretation was visually per-
formed by two experienced cardiologists (H.T. and S.F.) with 10 years
of experience in cardiac radionuclide imaging who were blinded to
CTCA findings. If the discordance between two experienced cardiolo-
gists did not resolve, SPECT finding was defined as ‘inconclusive
results’. Also, patients who did not reach to the target heart rate,
defined as [220 — age (years) x 0.85], were classified into ‘inconclusive
results’. Normal myocardial perfusion SPECT was defined as myocardial
perfusion withoutany perfusion abnormalities. Further, increased lungup
take of 2°'TL, transient left ventricular dilatation at initial image, and
decreased myocardial °'TL washout were defined as abnormal myocar-
dial perfusion that suggest multi-vessel CAD.*'>"® When there was
discordance between them, a consensus reading was obtained.

Endpoints

The pre-specified endpoint of this study was the occurrence of an ACS
event defined as cardiac death, non-fatal myocardial infarction, and un-
stable angina requiring revascularization. Myocardial infarction was

defined by the ACCF/AHA guideline, and unstable angina was defined
accordingto the Braunwald classification. The culprit lesion was compre-
hensively determined on the basis of the association of invasive coronary
angiography with electrocardiographic changes, echocardiography, or
myocardial ischaemia as detected during a stress test. When culprit
lesion was difficult to determine by imaging modalities, stress test was
performed after medical therapy to stabilize the patient’s condition. Un-
stable angina requiring revascularizations was included in endpoints. All
events of unstable angina were proved by invasive coronary angiography.

Statistical analysis

Categorical variables are presented as number (%) and continuous vari-
ables as mean + SD. The y* test was used for comparison of categorical
variables. Between-group comparisons were made using the
independent-samples t-test or Mann—Whitney U test as appropriate.
Multivariate Cox proportional hazard analysis was performed to identify
predictors of ACS events on per-patient based analysis, including hyper-
tension, 50~69% luminal stenosis, 2- or 3-vessel disease, and vulnerable
featured plaques. The Kaplan—Meier survival method was used to
compare survivalaccording to the existence orabsence of vulnerable fea-
tures on CTCA for per-segment and per-patient-based analyses, using
the log-rank test. A Pvalue << 0.05 was considered statistically significant.
The sample size was calculated to provide adequate statistical power
for identifying plaque characteristics that result in ACS events on the
basis of a range of assumptions about the frequency of vulnerable
" plaques: power of 80%, hazard ratio of 5.0, ACS event rate for vulnerable
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Stress perfusion

Rest perfusion

Figure 2 Arepresentative case of CTCAwith avulnerable featured plaque and normal perfusion imaging on SPECT and subsequent ACS events,
(A) CTCA image shows an atherosclerotic plaque with high-risk signs of PR, low-attenuation, and ring-like sign at the proximal LAD. (B) Stress-rest
SPECT perfusion polar maps show normal perfusion. (C) One-year later, acute myocardial infarction occurred at the high-risk plaque. Invasive cor-
onary angiography showed the total occlusion of LAD artery (arrows) ACS, acute coronary syndrome; CTCA computed tomographic coronary
angiography; LAD, left anterior descendlng artery; SPECT, single-photon emission computed tomography.

featured plaques of 5%, and a two-sided alpha of 0.050. If a vulnerable
featured plaque is detected in 30% of patients with CAD, 518 patients
would be needed. Allowing for a 5% attrition rate, we calculated that
we would need to enrol 545 patients.

Results

Baseline plaque compositions on CTCA

Ofthe 543 patients, 9231 segments were adequately analysed where
1107 plaques were detected (2.0 plaques per patient). The severity of
luminal narrowing was <50% in 774 (70%) plaques and between 50
and 70% in 331 (30%) plaques. No plaques had luminal narrowing
with >70%. At least one of the vulnerable features, including PR,
LAP, or ring-like sign, was detected in 274 plaques (24%) in 182
patients (33%; 0.4 plaques per patient). PR was detected in 183
(16%) plaques, LAP in 133 (12%), and ring-like sign in 30 (2.7%). Of
these, 44 plaques (3.9%) had any 2 vulnerable features, and 14
plaques (1.2%) had all 3 vulnerable features, respectively. These
results are summarized in Figure 3. The plaques with any vulnerable

features were 85 (31%) in the right coronary artery, 25 (9.1%) in
the left main coronary artery, 118 (43%) in the left anterior descend-
ing coronary artery, and 45 (16%) in the left circumflex coronary
artery.

Patients’ characteristics and ACS events

Patients were divided into two groups: with or without plaques with
atleast one of vulnerable features on CTCA (Table 7). Patients with at
least one of vulnerable features had lower HDL-cholesterol levels
than those with no vulnerable features (49 &+ 14 vs. 56 + 18 mg/dL,
P = 0. 014). There were no significant differences in other clinical
characteristics, the medications that the patients were taking after
CTCA and myocardial perfusion SPECT, and laboratory examina-
tions between patients with and without vulnerable features. Also,
clinical characteristics, plaque features and drugs of patients with
ACS event, lost at the follow-up, and positive SPECT results are
shown in Supplementary data online, Table S7.

Of the 543 patients, the composite ACS event was examined after
a mean follow-up of 3.4 + 0.8 years (range 1—-5.4 years; median 3.4
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Figure 3 Overlapping of three CTCA features. LAP, low-
attenuation plaque; PR, positive remodelling.

years). During this period, 23 ACS events occurred (1.2% per year),
comprising myocardial infarction in 12 patients and unstable angina
requiring revascularizations in 11 patients. Three of 12 patients
with myocardial infarction died during the hospitalization thereafter.
All culprit lesions were confirmed by emergent invasive coronary
angiography. Of the 23 ACS events, the number of vulnerable fea-
tures on CTCA in the culprit lesion was 3 in 5 (22%) patients, 2 in
8 (35%) patients, 1 in 7 (30%) patients, and O in 3 (13%) patients.
Ofthe 182 patients with plaques with vulnerable features, 20 patients
developed ACS events. Remaining 162 patients had no event. On the
other hand, only three patients suffered ACS events in patients
without plaques with vulnerable features.

Predictors for future ACS events

Supplementary data online, Table 52 shows the patient-based univari-
ate analysis compared between patients with and without ACS event.
Patients with ACS event had higher prevalence of hypertension
(P =0.046), 50—69% luminal stenosis (P < 0.001), 2- or 3-vessel
disease (P < 0.001), and vulnerable featured plaques (P < 0.001)
than those without ACS event. In patient-based multivariate analysis,
the presence of plaque with vulnerable features on CTCA was a sig-
nificant predictor for future ACS events (P = 0.001) (Table 2).
Figure 4 shows the Kaplan—Meier curve of patients according to
the presence of plaques with vulnerable features (Figure 4A), the
extent of atherosclerotic burden (Figure 4B), and the severity of
luminal stenosis (Figure 4C), respectively. Kaplan—Meier analysis con-
firmed that patients with vulnerable featured plaques on CTCAhad a
worse outcome compared with those without vulnerable featured
plaques (P < 0.001) in Figure 4A. The event rate in patients with
and without vulnerable featured plaques was 3.2 and 0.24% per
year, respectively.

The results of segment-based univariate and multivariate analyses
are provided in Supplementary data online, Tables S3 and 54. The
segment-based Kaplan—Meier analysis according to the presence
or absence of the three CTCA features for future ACS events is

' 'Patlent cha !
W|thou ‘vulnerable featured pl

Patients with Patients P

vulnerable without value
plaques vulnerable
(n = 182) plaques
(n = 361)
~ Clinical characteristics
Male gender, n (%) 123 (67) 221 (61) 0.14
Age, years 66 + 10 65+11 008
Hypertension, n (%) 118 (65) 224 (62) 0.52
Dyslipidaemia, n (%) 105 (57) 184 (51) 0.15
Diabetes, n (%) 91 (50) 149 (41) 0.053
Current smoking, n (%) 44 (29) 64 (28) 0.73
Body mass index, kg/m2 245+ 3.6 241437 035
. Laboratory data
- Total cholesterol, mg/dL 195 + 42 195+ 40 098
Triglycerides, mg/dL 148 + 89 149+97 081
LDL cholesterol, mg/dL 128 + 37 121+36 011
HDL cholesterol, mg/dL. 49 4+ 14 54+18 0014
Fasting glucose, mg/dL 122 + 30 122+43 097
HbA1c, % 62+ 13 60+ 10 0.084
CRP, mg/L 16+19 13+21 021

Medications after CTCA and myocardial perfusion SPECT

Aspirin, n (%) 159 (87) 279(81) 010
Beta blocker, n (%) 39 (22) 88(28) 012
ACE inhibitor or ARB,n (%) 111 (62) 219 (67) 019
Calcium blocker, n (%) 58 (32) 124(39) 013
Statin, n (%) 134 (74) 27 (74) 081

‘Values are mean + 'D orn (percentage), The column showed P values for the -
p aques ACE o

i'coronaryanglography Hb h|gh -dern ty l\poproteln LDLylow densnyllpoprotem, :
: SPECT smgle photon e 1 co T p ted tomography :

shown in Figure 5. The presence of any of the three vulnerable fea-
tures on CTCA correlated with ACS, with a graded relationship
with the number of vulnerable features (Figure 5). The results of
sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) of vulnerable plaques for predicting ACS
events are summarized in Table 3. The presence of >1 vulnerable
feature showed a high PPV of 87%, and the absence of two or
three vulnerable features showed a high NPV of 97% for predictive
value of developing future ACS event.

Discussion

This CTCA study revealed that ACS events occurred at the rate of
1.2% per year in patients with normal myocardial perfusion image.
Patients having a vulnerable plaque on CTCA showed poorer prog-
noses compared with those without vulnerable plaque, and most
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Table 2 Patient-based multrvarlate pred;ctors of ACS‘
‘ events durmg follow—up ~ G

Hazard ratio (95% CI)

Pvalue
Hypertension 1.7 (0.55-5.36) 0.34
50-69% luminal stenosis 1.9 (0.54-6.94) 0.30
- 2- or 3-vessel disease 2.2(0.75-6.66) 0.14
Vulnerable featured plaques 9.4 (2.66-33.4) 0.001

- The variables entered into patient-based multivariate Cox proportional hazards
“model when they indicated P.< 0,05 in Table 2. Less than 50% lurninal stenosis was
“excluded because it was initially associated with 50-69% luminal stenosis. The final
_variables entered were hypertension, 50-69% luminal stenosis, 2~ or 3-vessel

disease, and vulnerable featured phques ACS, acute coronary syndrome,
Cl, confndence mtewal :

A Patients without vulnerable featured plaque
L0y

e T

208

2 Patients with vulnerable featured plaque

g 0.6

2

%2

P

Cumulati

ACS events occurred at the plaque showing vulnerable features on
baseline CTCA.

CTCA predictors for ACS events

Assessment of coronary artery stenosis and plaque characteristics by
CTCA has been well validated in prior studies against intracoronary
ultrasonography/virtual histology and optical coherence tomog-
raphy.®'7 Early CTCA reports indicated that the presence and
extent of obstructive CAD defined by coronary plaques causing
>50% reduction in the luminal diameter is a valuable prognostic
marker of incident death or major adverse cardiovascular
events.'®"? Recent CTCA studies identified plaque compositions,
including PR, LAP, and ring-like sign as vulnerable features associated
with plaques that are prone to rupture, independent of the severity
of coronary artery luminal stenosis.™%%° These findings were
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9

Figure 4 Kaplan—Meier analyses for future ACS events. (A) The Kaplan—Meier curve according to the presence of plaques with vulnerable fea-
tures (no vulnerable features, 1 vulnerable feature, and >2 vulnerable features). (B) The Kaplan—Meier curve in the comparison between patients
with 1-vessel disease vs. patients with two- to three-vessel disease. (C) The Kaplan—Meler curve of patients WIth plaques >50% (50-69%) luminal

stenosis vs. patients with plaques < 50% luminal stenosis. ACS, acute

coronary syndrome.
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supported by the investigation with intravascular ultrasound demon-
strated that coronary lesions responsible for cardiac events were
associated with the large plaque burden, a small lumen area, and
thin-cap fibroatheroma morphology.’" It should be emphasized,
however, that almost all of these studies investigated plaque extent
and stenosis severity, and there are only limited data on the relation-
ship between atherosclerotic plaque morphology and regional myo-
cardial ischaemia attributed to the atherosclerotic lesion in patients
with CAD.>"?? Specifically, the use of CTCA has methodological lim-
itations with regard to the use of diameter stenosis for assessing cor-
onary artery stenosis severity.? This was the first study that used
SPECT to confirm that most coronary atherosclerotic lesions asso-
ciated with future ACS events were physiologically non-obstruction.

In this study, 29% of plaques (n = 331) with luminal narrowing
between 50 and 70% showed normal perfusion patterns. This
finding was similar to previous observations. Schuif et al?® under-
went both CTCA and myocardial perfusion imaging on SPECT in
114 patients. They found ~50% of patients with plaques with
>50% luminal narrowing on CTCA who showed a normal findings

1.0 4
8
3 0.8
hoS
= 0.6 -
2 — Plaques with no vulnerable feature
(o) .
2 944" Plaques with 1 vulnerable feature
‘2 7 ||= Plaques with 2 or 3 vulnerable features
=
E 021
© Log-rank test p <0.001
O T T T T T 1

0 1 2 3 4 5 6
Follow-up (years)

Figure 5 Segment-based Kaplan—=Meier analyses for future ACS

events. Segment-based Kaplan—Meier curve according to the pres-

‘ence or absence of the three CTCA features for future ACS events

(plaques with no vulnerable feature, one vulnerable feature, and
- two or three vulnerable features). ..

Table 3 Dlagnost' accuracy of CTCA cha ac' k

; stlcs for predlctlon of ACS events durmg follow-up

on SPECT. Van Werkhoven et al.>' demonstrated that 75 of 158
patients (48%) with plaques with >50% luminal narrowing on
CTCA had normal SPECT results.

On the other hand, previous CTCA studies showed that the
absence of plaque conveys a benign prognosis for symptomatic
patients being evaluated for CAD."®" The low event rate for
those with normal CTCA findings is comparable to the event rate
among healthy low-risk individuals (<1%)."® This study showed
that physiologically non-obstructive and no vulnerable plaques
observed on CTCAwarrantan excellent prognosis, even in the pres-
ence of atherosclerotic plaques (0.55%; 0.16% per year), indicating
the importance of assessing plaque composition for risk stratification
of patients with CAD.

ACS outcome in comparison with previous
studies

The rate of ACS events in the present study (1.2% per year) seems to
be slightly higher than that reported in previous studies among
patients with normal myocardial perfusion SPECT varied from 0 to
0.93% per year,”® in which unstable angina was not included as
the primary endpoint, at least partially due to the subjective judge-
ment of unstable angina. The optimal management is required in
patients with unstable angina to prevent serious adverse outcomes.?*
The endpoint of this study included only unstable angina requiring
revascularization.

In recent investigations using CTCA and intravascular ultrasound,
the event rate of recurrent coronary events (except revasculariza-
tions for stent restenosis) among ACS patients ranged from
2.2-5.5% per year,'"*>%° which was comparable to that of patients
with vulnerable featured plaques in the present study (3.2% per
year). Data from large-scale clinical trials that used statins for second-
ary prevention in patients with previous myocardial infarction
showed a similar event rate (2.0—2.9% per year).?”® These findings
could justify the assessment of vulnerable plaques without abnormal-
ities using myocardial perfusion for predicting future ACS events. If
CTCA would detect plaques showing vulnerability, more aggressive
intervention and/or close monitoring might be required even with
normal finding on myocardial perfusion SPECT.

Study limitations

There are several limitations in this study. First, regional wall motion
and the left ventricular ejection fraction, which may have incremental
diagnostic value in patients with multi-vessel CAD, were not assessed

Accuracy (%)

CCTA characteristics Sens:tlwty (/ ) Speclficlty (%) PPV (/o) NPV (%)
PR 8.7 99 69 84 1"
LAP 7.1 98 56 84 6.5
Ring-like sign 30 98 39 98 23
Any one of vulnerable features 7.3 99 86 76 20
. Two or three vulnerable features 28 99 56 97 30

“ACS,acute coronarysyndrome CTCA computed tomographm coronary angtography LAP low attenuatuon plaque NPV gatlvepredxctlveval ?

posmve remodellmg

PRV, positivé predictivé v'aluye; PR,
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in SPECT analysis. Quantitative analysis should be performed in the
future studies. In this study, however, none of the patients had
severe coronary stenosis of > 70% or multi-vessel CAD. Therefore,
these technical limitations might not affect the results of the present
study. Secondly, we observed three ACS events (unstable angina)
from the calcified plaques during the 3-year follow-up. Despite calci-
fied nodules being recognized as a type of causing coronary throm-
* inconsistent
results have been observed for the association between calcified
nodules and future ACS events.'” Three vulnerable features were
evaluated in non-calcified and mixed plaques in the present study.
Vulnerable features were not assessed in plaques with predominant
calcification (calcified plaque), because plaques carrying heavy calci-
fication are difficult to assess by CTCA. Therefore, the impact of vul-
nerable features in plaques with calcification on ACS outcome
remained unclear. Further investigation is required to elucidate the
relationship between the amount and characteristics of calcification
anditsimpactin the prediction of future ACS events. Thirdly,all of the
24 patients that were lost in the follow-up had no vulnerable featured
plaques on CTCA. However, patients with normal CTCA (no
plaques) and those with abnormal SPECT results were not followed,
and their prognostic data were unknown. Fourthly, the severity of
CAD risk factors and concomitant medications for diabetes were
not taken into account for the analysis, although these factors may in-
fluence on the outcome in patients with CAD. Finally, radiation
exposure may preclude the widespread use of CTCA in clinical prac-
tice. Recent CTCA algorithms, including prospective gating methods
and tube current modulation, may overcome this limitation.*

bosis not caused by plaque rupture or erosion,

Conclusions

This CTCA study revealed that vulnerable plaques on CTCA, even
those that were normal on myocardial perfusion image, were asso-
ciated with future ACS events. We should pay more attention to
plagues showing normal myocardial perfusion image but vulnerability.

Supplementary data

Supplementary data are available at European Heart Journal — Cardio-
vascular Imaging online.
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Giant mycotic coronary aneurysm associated with late stent infection

Shinichi Nonin', Takao Hasegawa'*, Hidekazu Hirai?, Shigefumi Suehiro?, and Minoru Yoshiyama!

"Department of Cardiovascular Medicine, Graduate School of Medicine, Osaka City Umverscty, -4-3 Asah| machi, Abeno-| ki, Osaka 545-8585, Japan and 2Department of
Cardiovascular Surgery, Graduate School of Medicine, Osaka City University, Osaka, Japan
* Corresponding author. Tel: +81 66645 3801; Fax: +81 66646 6808, E-mail: takao0321@aol.com

A 67-year-old man with a history of paclitaxel-
eluting stent implantation in the right coronary
artery (RCA) 4 years previously needs below-the-
knee amputation of the right leg due to uncontrol-
lable foot infection. The patient had acute high
fever and leukocytosis, and performed repeatedly
transthoracic echocardiography (TTE) to rule out
infective endocarditis. TTE revealed the presence
of a mass (4.7 x 3.4 cm) (head arrows) adjacent
to the sinus of Valsalva (Panel A). A giant pseudoa-
neurysm (5.1 x 3.7 cm) (head arrows) at the prox-
imal site of the stent (arrows) was confirmed by the
cardiovascular computed tomography (CCT; Panel
B) and also a three-dimensional volume rendered
CCT image (Panel C). The angiography in the left an-
terior oblique projection showed contrast agent ex-
travasation into a giant mycotit pseudoaneurysm
(arrows) (Panel D). We. performed emergent
surgery to decrease the risk for acute rupture since the mycotic pseudoaneurysm progressed rapidly in 2 weeks. An intraoperative
image showed the pseudoaneurysm after opening and aspiration of the cavity (head arrows), and the stent removed from the RCA
(arrow) (Panel E). Haematoxylin—eosin stain (x250) showed only fibrous tissue without normal arterial walls and the presence of
inflammation with accumulation of neutrophils and cocci (Panel F).

Coronary stent infection is a rare complication, but it is associated with high mortality. Late stent infection may be caused by drug-eluting
stent (DES)-related local problems (delayed endothelialization of the stent struts, inhibition of neointimal growth, late acquired incomplete
stent apposition, and coronary aneurysm formation). These local reactions to the DES may provide a nidus for stent infection during an
episode of bacteraemia.

Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 2013. For permissions please email: journals.permissions@oup.com
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Aims

Methods
and resulés

Previous studles have reported that insulin resistance plays an |mportant role in the progressmn of atherosclerosis.

‘However, the relatlonshlp between insulin resistance and coronary plaque mstabnhty is not well establlshed The
~purpose of this study was to assess the !‘Elat!OﬂShlp between insulin resistance and coronary plaque characteristics
kldentuf ied by optical coherence tomography (OCT) :

This study enrolled 155 consecutive patients undergomg percutaneous coronary lnterventlon OCTi |mage acqunsmons

 were performed inthecu prlt lesions. Insulin resistance was |dent|ﬂed using the homeostasts model assessment ofinsulin

res:stance  (HOMA- IR) Subjects were divided into three tertiles according tothe HOMA-IR values. Pat|ents inthe h|gher
HOMAtertlle had more frequent prevalence of lipid- rich plaques than those inthe mlddle and lowertertnles (83 vs 62vs.
57/), P=001). The thin- -cap fibroatheroma (TCFA) prevalence rates among the h|gher (=2. 5) middle (1.4-2.5), and
lower HOMA-IR (<14 tertlles were 50, 29 and 26% (P = 0.02). The microvessel prevalence rates of the three tertiles
were 54,39, and 28% (P = 0. 02) Furthermore, in the higher HOMA-IR group, the fibrous cap was significantly thmner
compared with the othertwotertules (vs.lower HOMA-IR,P = 0.009; vs. middle HOMA-IR, P = 0. .008). On multivariate
analysis, acute coronary syndrome [odds ratio (OR): 17.98; 95% confidence interval (Cl) 7.12-52.02;P < 0. 0001] and

: HOMA-IR >2 50 (OR: 3. 57 95/; CI 1 42 9.55; P = 0.007) were independent predictors for the presence of TCFA.

Conclusion This study suggests that unsulm resnstance mlght be assocuated with coronary plaque vulnerablllty
Keywords ’ lnsuhn resistance ‘e Vulnerable plague . e Optical coherence tomography
inti‘()duction epidemiological studies demonstrated that insulin resistance was

associated with an increased risk of CAD in various ethnicities.” ™"’

Diabetes mellitus (DM) isa well-known risk factor foradverse cardio-
vascular events and an independent poor prognostic predictor in
patients with coronary artery disease (CAD).""® Several studies
demonstrated that diabetic patients exhibit coronary plaque pro-
gression and increased coronary plaque vulnerability.*~7 In the
process of promoting atherogenesis, hyperinsulinaemia resulting
from insulin resistance plays an important role. Previous studies
have suggested that insulin has direct atherogenic effects such as en-
hancement of vascular smooth muscle cell proliferation,® and several

However, few studies have examined the relationship between the
degree of insulin resistance and coronary plaque vulnerability. In a
previous analysis using conventional intravascular ultrasound
(IVUS) and integrated backscatter IVUS (IB-IVUS), insulin resistance
and hyperinsulinaemia were significantly associated with an increased
lipid-rich plaque content.™® Although IVUS is a widely used invasive
imaging technique for evaluating the coronary plaque features,
optical coherence tomography (OCT) is a recent newly developed
modality with a high resolution (10 wm). OCT can detect coronary

* Corresponding author. Tel: +81 66645 3801; Fax: +81 66646 6808, Email: t.igu74@gmail.com
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plague morphology, including microthrombi, ruptured plaques, and
vulnerable plaques represented by thin-cap fibroatheroma (TCFA)
more accurately than IVUS.

Homeostasis model assessment of insulin resistance (HOMA-IR)
has been commonly used as a surrogate marker of insulin resistance
in daily clinical practice because this simple index could evaluate
insulin resistance easily and this index correlates quite well with the
glucose clamp technique, recognized as the gold standard method
for the estimation of insulin resistance.”* There is no report on the
association between insulin resistance and coronary plaque charac-
teristics identified by OCT. In this study, we aimed to examine the
relationship between insulin resistance as measured by the
HOMA-IR and coronary plaque vulnerability assessed by OCT.

Methods

Study population

From August 2008 to October 2012, 169 consecutive patients with CAD
[including acute coronary syndrome (ACS) and stable angina pectoris
(SAP)] who underwent percutaneous coronary intervention (PCI) for
de novo culprit coronary lesions with OCT guidance and with a blood
sample for glucometabolic parameter measurement at the Osaka City
University were enrolled in the present study. The exclusion criteria
included patients with congestive heart failure, cardiogenic shock,
serum creatinine level >2 mg/dL, an intercurrent infection or other in-
flammatory disease, left main coronary artery lesions, total occlusions,
fast plasma glucose level >140 mg/dL, patients with insulin therapy,
and poor OCT image quality for analysis. Finally, according to these ex-
clusion criteria, we enrolled 155 consecutive patients in this study. This
study was approved by the hospital ethics committee, and all subjects
provided informed consent before participation.

Definition of clinical diagnosis

Inthe present study, SAP was definedas no change in frequency, duration,
or intensity of chest symptoms in the 4 weeks before intervention. ACS
included unstable angina pectoris and myocardial infarction (MI). Un-
stable angina pectoris was defined as a progressive crescendo pattern
or angina at rest without an increase in cardiac enzyme levels. Ml was
defined as the presence of continuous typical chest symptoms for
>30 min, diagnostic electrocardiographic changes of ST-segment eleva-
tion or depression, cardiac enzyme levels of more than twice the upper
limit of the normal range, and local cardiac wall motion asynergy on echo-
cardiography. DM was identified by a diabetic clinical history or fasting
plasma glucose level =126 mg/dl, 2h post-load glucose level
>200 mg/dL, glycosylated haemoglobin (HbA1c) level >6.5%, and/or
the use of hypoglycaemic agents. Insulin resistance was estimated by
the HOMA-IR values, calculated as [fasting insulin (uU/mL) x fasting
plasma glucose (mg/dL)/405]. Various serum markers were measured
by commercial radioimmunoassay kits and specific immunoradiometric
assays. Blood samples for the assessment of glucometabolic and lipid
parameters [total cholesterol, triglyceride, high-density lipoprotein
(HDL) cholesterol, and low-density lipoprotein (LDL) cholesterol
levels] were collected from the patients aftera 12 h overnight fast.

Angiographic analysis

All patients received oral aspirin (100 mg/day) and clopidgrel (300 mg
loading dosage, 75 mg/day) or ticlopidine (200 mg/day) before the pro-
cedure. A 5-Fr or 6-Fr guiding catheter was used to selectively cannulate
the ostium of target coronary artery through the femoral or radial artery.

£

All captured angiographic images were analysed with offline quantitative
coronary analysis (QAngio XA 7.2; Medis Medical Imaging Systems,
Leiden, The Netherlands) by two experienced observers who were
unaware of clinical information and results of the OCT analysis. The
minimal lumen diameter, distal reference, proximal reference, reference
diameter, percentage of diameter stenosis, and lesion length with the
least foreshortening view were measured for the culprit lesion using
standard technkqx.xes;.15 The culprit lesion was determined based on the
findings of coronary angiogram, electrocardiogram, transthoracic echo-
cardiography, and/or myocardial perfusion scintigraphy.

OCT image acquisition

After the diagnostic angiography, an additional intravenous heparin at a
dose of 100 U/kg was injected for the OCT examination, If the coronary
flow was Thrombolysis In Myocardial Infarction grade 0, 1, I, aspiration
thrombectomy was performed using an aspiration catheter (Thrombus-
ter Il, Kaneka Corporation, Japan). After administration of intracoronary
nitroglycerin (100—200 pg), OCT was performed before predilation
with a balloon catheter for the culprit lesion. Images were acquired
using the time-domain (M2 OCT Imaging System, LightlLab Imaging,
Westford, MA, USA) or frequency-domain (C7 OCT Intravascular
Imaging System, St Jude Medical, St Paul, MN, USA) OCT system. The
intracoronary OCT imaging technique has been described previously."®
Briefly, the M2 system uses a 3 F occlusion balloon catheter, and com-
mercially available dextran was infused into the coronary artery from
the distal tip of the occlusion balloon catheter at 0.5 mlL/s by an injector
to remove the blood from the field of view. The 0.016-inch imaging wire
was automatically pulled back from a distal to a proximal position at a
rate of 1.0 mm/s. In the C7 system, a 2.7 F OCT imaging catheter
(Dragonfly, LightLab Imaging) was advanced distally to the lesion, and
automatic pullback (at a rate of 20 mm/s) was initiated 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 analysis

The OCT data were analysed using previously validated criteria for OCT
plaque characterization.'® Each plaque was classified as a fibrous plaque
or lipid plaque. When lipids were present in >90° of any of the cross-
sectional images within the plaque, it was considered a lipid-rich
plague. In the lipid-rich plaque, the maximum lipid arc was measured.
Lipid length was defined as the length of the segment with a lipid arc of
>90° within the plaque and measured on longitudinal view. The
fibrous cap thickness of the lipid-rich plaque was measured three times
at its thinnest part, and the average value was calculated. The presence
of plaque rupture, TCFA, macrophage infiltration, microvessels, calcifica-
tion, and intracoronary thrombi was estimated. Plaque rupture was
defined as the presence of fibrous cap discontinuity with cavity formation
in the plaque. TCFA was considered when the fibrous cap thickness was
<65 pwmin the lipid-rich plague on a cross-sectional image. Macrophage
infiltration was defined as bright spots with high OCT backscattering
signal variances. A microvessel was defined as a no-signal tubular struc-
ture without a connection to the vessel lumen recognized on three or
more consecutive cross-sectional images in the M2 system and two or
more consecutive cross-sectional images in the C7 system. Intracoronary
thrombus was defined as a mass (diameter > 250 pm) protruding into
the lumen of the artery. Calcification was defined as an area with a low
backscatter signal and a sharp border inside a plaque. The OCT findings
were analysed by two experienced observers who were blinded to the
angiographic and clinical presentations using proprietary computer soft-
ware (LightLab Imaging) after confirming proper calibration settings of
the Z-offset. When there was any discordance between the observers,
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a consensus reading was obtained. The intraclass correlation coefficients
for inter- and intraobserver reliabilities of the fibrous cap thickness were
0.891 and 0.916, respectively.

Statistical analysis

Statistical analysis was performed using the JMP statistical software for
Mac version 9.0.2 (SAS Institute, Inc., Cary, NC, USA). To analyse the
HOMA-IR values as categorical variables, these levels were divided
into tertiles: lower HOMA-IR (<1.40); middle HOMA-IR (1.40-2.50),
and higher HOMA-IR (>2.50). Continuous variables were presented
as mean + standard deviation (SD); comparisons were performed
using the one-way ANOVA and post hoc multiple comparison using
Tukey—Kramer test or non-parametric Kruskal—Wallis test and post
hoc multiple comparison using Steel—Dwass test for non-normally
distributed variables. Categorical variables were presented as percen-
tages and relative frequencies; comparisons were performed using the
chi-square test, as appropriate. We performed simple linear regression
analysis to determine the association between HOMA-IR values and
thickness of fibrous cap. Levels of HOMA-IR did not distribute normally;
therefore, transformed values of HOMA-IR in logarithm were used as
variables for simple linear regression analysis. Univariate and multivariate
logistic regression analyses were used to identify independent predictors
of TCFA by adjusting for predefined variables. Several conventional and

“Table | Patient characteristics according to the HOI

novel risk factors such as age, sex, ACS, body mass index (BMI), hyperten-
sion (HT), DM, HbA1c, LDL-cholesterol, statin use, high-sensitivity
C-reactive protein (hs-C-reactive protein),and HOMA-IR were included
in the multivariate model. A P-value <<0.05 was considered statistically
significant.

Results

Baseline characteristics

One hundred and fifty-five patients (68 + 9 years, 114 men) were
enrolled in this study. This study included 100 patients (65%) with
SAP and 55 (35%) patients with ACS. One hundred patients (65%)
had DM and the average HOMA-IR value was 2.38 + 1.95 in this
population. As described above, these subjects were divided into
three groups according to tertiles (lower HOMA-IR, n=>51;
middle HOMA-IR, n = 52; higher HOMA-IR, n = 52). The baseline
characteristics of the three groups are shown in Table 1. There was
no significant difference in the percentage of ACS among the three
groups. There were no other significant clinical differences among
the three groups except for the glucometabolic parameters, BMI,
and triglyceride and LDL-cholesterol levels.

Lower tertile (n = 51)

Age, years 70+ 9

. Male sex, n (%) 39(77)

- ACS, n (%) 16 (31)

- Previous PCl, n (%) 16 (31)

- BMI, kg/mm? 220 + 3.1%
HT, n (%) 39(77)
Current smoker, n (%) 33 (65)

. DM, n (%) 28 (55)

- Laboratory data

© eGFR, mUmin/1.73 m? 60.9 + 27.8*
hs-C-reactive protein, mg/L 16 + 1.8
LDL-cholesterol, mg/dL 100 + 25
HDL-cholesterol, mg/dL 45 + 13*
Triglycerides, mg/dL 107 + 48*
Fasting glucose, mg/dL 96 + 16*
Fasting insulin, [U/L 41 + 1.3%
HOMA-IR 10 + 0.3*%
HbA1c, % 64 + 1.2%

- Medication, n (%)

- Aspirin 33 (65)
ACE-I/ARB 21 (41)
Statin 30 (59)
Oral glycerides 17 (33)
Sulphonyl urea 12 (24

66 + 9 68 + 9 0.14
38 (73) 37 (71) 0.83
19 (37) 20 (39) 0.74
16 (31) 19 (37) 079

255 + 3.6 256 + 3.0 <0.0001
39 (75) 43 (83) 060
29 (56) 33 (64) 060
33 (64) 39 (75) 0.10

66.1 + 203 673 + 218 034
13413 13410 082

119 + 32% 104 + 30 0003
41412 40+8 026

151 + 66 148 + 54 <0.0001

108 + 19* 17 + 22 <0.0001
72 + 2.1% 157 + 99 <0.0001
18 + 03* 43 +23 <0.0001
67 10 74+ 14 004
42 (81) 39 (75) 017
25 (48) 33 (64) 007
30 (58) 30 (58) 099
21 (40) 23 (44) 052
13 (25) 17 (33) 053

Higher tertile (n = 52)

P-value

ACS, 2
'eGyFR, timate
haemoglobin HbA1G
*P<00 vs. pati
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Angiographic results

The angiographic findings are summarized in Table 2. The distribution
of culprit lesion location was similar among the three groups. The left
anterior descending artery was the most frequent culprit lesion
(46%), followed by the right coronary artery (39%) and the circum-
flex artery (15%). There were no significant differences in the fre-
quency of multivessel disease and in the modified lesion classifications
ofthe American College of Cardiology/American Heart Association.
Based on quantitative coronary angiographic analysis, there were no
statistical differences in the reference diameter, minimum lumen
diameter, per cent diameter stenosis, and lesion length among the
three groups.

Results of OCT analysis

In the present study, there was no significant difference in use
percentage of the C7 system among the three groups (lower

;Tab,!e 2 Angxographlc analys:s of the HOMA—IR terﬁ’les :

HOMA-IR: 37%; middle HOMA-IR: 37%; higher HOMA-IR: 48%;
P = 0.41). Table 3 and Figure 1 show the OCT findings of the three
groups. Patients in the higher HOMA-IR tertile had more frequent
prevalence of lipid-rich plaques than those in the middle and lower
tertiles (83 vs. 62 vs. 57%; P = 0.01), and lipid length was significantly
longer in the higher HOMA-IR group than in the other two tertiles
(vs. lower HOMA-IR, P = 0.02; vs. middle HOMA-IR, P = 0.03).
The prevalence rates of TCFA among the higher, middle, and lower
HOMA-IR tertiles were 50, 29, and 26% (P = 0.02). In addition, the
microvessel prevalence rates among the higher, middle, and lower
HOMA-IR tertiles were 54, 39, and 28% (P = 0.02). Furthermore,
in the higher HOMA-IR group, the fibrous cap was significantly
thinner than in the other two tertiles (vs. lower HOMA-IR, P =
0.009; vs. middle HOMA-IR, P = 0.008). The representative OCT
images of the coronary culprit lesions in the lower HOMA-IR
group and the higher HOMA-IR group are shown in Figure 2.
Overall, there was a weak correlation between log HOMA-IR level

Lower tertile (n = 51)

Middle tertile (n = 52)

Higher tertile (n = 52)

P-value -
Lesion location, n (%)
Left anterior descending artery 23 (45) 27 (52) 21 (40) 0.65
Left circumflex artery 6(12) 8(15) 10 (19)
Right coronary artery 22 (43) 17 (33) 21 (40)
Multivessel disease 23 (45) 15 (29) 25 (48) 0.10
- Modified ACC/AHA classification, n (%)
B2/C lesion 35 (69) 43 (83) 39 (75) 0.25
Quantitative coronary analysis
' Reference diameter, mm 2.61 + 048 2.78 + 0.63 2.56 + 0.49 0.09
Minimum lumen diameter, mm 0.87 + 0.33 0.82 + 0.32 0.85 + 0.35 0.77
Diameter stenosis, % 66.4 4+ 121 705 + 94 67.1 + 107 0.12
Lesion length, mm 165+ 7.8 152 + 5.9 171 + 8.1 0.51
Values represent mean + SD orn (%) :
HOMA lR homeostasns model assessment of insulin resistance; ACC/AHA, American College of Card;ology/Amerlcan Heart Association,
Table 3 OCT findings of the HOMA-IR tertiles
Lower tertile (n = 51) Middle tertile (n = 52) Higher tertile (n = 52) P-value -
- Minimal CSA, mm 16 +08 14 + 08 15+ 11 0.76
~ Lipid-rich plaque, n (%) 29 (57) 32(62) 43 (83) 0.01
Calcification, n (%) 27 (53) 28 (54) 29 (56) 0.96
- Thrombus, n (%) 7(14) 14 (27) 13 (25) 0.22
Ruptured plaque, n (%) 8 (16) 6(12) 8 (15) 0.80
.- Macrophage infiltration, n (%) 15 (29) 20 (39) 26 (50) 0.10
- Microvessel, n (%) 14 (28) 20 (39) 28 (54) 0.02
TCFA, n (%) 13 (26) 15 (29) 26 (50) 0.02
Fibrous cap thickness, um 95.5 + 41.6* 89.0 + 36.0*% 69.7 + 27.7 0.002
Lipid arc, degree 119 + 111 124 + 97 143 + 81 0.32
Lipid length, mm 4.0 + 52% 39 + 4.1% 53437 0.04

Values represent mean + SD orn (/o)

OCT, optical coherence tomography, TCFA, thin: 1cap flbroatheroma HOMA IR homeostas:s model assessment of msulm re5|stance CSA cross—sectvonal area

#p < O 05 vs. patients in the higher tert;le
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and fibrous cap thickness (r = —0.251, P = 0.008). In ACS, there
was no significant correlation between log HOMA-IR and fibrous
cap thickness (r = —0.158, P = 0.25), whereas log HOMA-IR signifi-
cantly correlated with fibrous cap thicknessin SAP (r = —0.370,P =
0.004) (Figure 3).

Predictors of TCFA presence

Univariate analysis showed that only two factors, including ACS
[odds ratio (OR): 10.04; 95% confidence interval (Cl): 4.76-22.2;

= Lower tertile
“Middle tertile P=0009
A # Higher tertile B p=079
% —
60 - p=0.02

Thin cap fibroatheroma Fibrous cap thickness

Figure 1 Comparison of the presence of TCFA and fibrous cap
thickness as assessed by OCT among the three HOMA-IR tertiles.
The TCFA' prevalence rates of the highyer, middle, and lower"
HOMA-IR tertiles were 50, 29 and 26%, respectlve (P=0.02).
In the higher HOMA-IR group, the fibrous cap was significantly
thinner. than in the other two tertiles” (vs.- lower- HOMAIR,
P =0009; vs. middle HOMA-IR, P=0008). TCFA, thin-cap
fibroatheroma; OCT, optical coherence tomography; HOMA-IR,
homeostasis model assessment of insulin resistance. ; '

Low tertile

P < 0.0001] and HOMA-IR >2.5 (OR: 2.68; 95% Cl: 1.34-5.41;
P =0.005), significantly related to the presence of TCFA. After
adjusting for age, gender, BMI, ACS, and several risk factors such as
HT, DM, HbA1c, LDL-cholesterol, statin use, and hs-C-reactive
protein, multivariate logistic regression analysis for predicting the
presence of TCFA revealed that ACS (OR: 17.98; 95% Cl:
7.12—52.02; P < 0.0001) and HOMA-IR >2.50 (OR: 3.57; 95% Cl:
1.42—9.55; P = 0.007) were independent factors for predicting the
presence of TCFA. However, DM was not significantly associated
with TCFA (OR: 2.55; 95% CI: 0.76 —9.10; P = 0.13) (Table 4).

Discussion

The main findings of the present study were as follows: (i) patients in
the higher HOMA-IR tertile had more frequent vulnerable plaque
features such as lipid-rich plaque, TCFA, and microvessels as assessed
by OCT than those in the middle and lower tertiles; in addition, the
fibrous cap of patients in the higher IR tertile was significantly thinner
than those in patients in the middle and lower tertiles; and (i) higher
HOMA-IR value (>2.50) predicted the presence of TCFA.

Several epidemiological studies have reported an association
between insulin resistance and the prevalence of CAD. Amano
et al'* demonstrated that IB-IVUS-derived lipid-rich plague rates
were significantly associated with higher HOMA-IR tertiles in 172
consecutive patients with both SAP and ACS. Our results are in ac-
cordance with their study. On the other hand, Mitsuhashi et al."®
demonstrated that hyperinsulinaemia, defined as the calculated
area under the insulin concentration—time curve, is associated with
an increased lipid content measured by IB-IVUS and a greater
plaque volume measured by conventional IVUS in non-culprit inter-
mediate lesions in 82 non-diabetic patients with ACS, whereas there
were no significant differences in the percentage of lipid area
between the three HOMA-IR tertiles. We evaluated the lipid
volume semi-quantitatively by measuring the presence of lipid-rich
plague, lipid arc, and length of the lipid-rich plaque due to the
limited penetration depth of OCT. However, lipid-rich plagues

High tertile

Figure2 Representatlve OCT |mages of coronary cu lprn‘. eleﬂS The OCT lmages were obtamed from cu prlt iesmns ofthe left anterior descend-
ing artery in stable anglna patlents with diabetes. (A) Fibrous (F:b) and calcified plaques (Cal) i in the lower HOMA- IR tertile (0.41). (B) Lipid-rich
plaques (Lp), including TCFA (thinnest ﬂbrous cap thickness 60 p,m white arrow) and micr ovesse[s (tr|angle arrow) in the higher HOMA-IR

tertx e (4.04). Abbrewatnons are asin F:gure 1.
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