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Abstract

Background: The purpose of the present study was to evaluate the mechanical properties of coronary plaques and
plaque behavior, and to elucidate the relationship among tissue characteristics of coronary plaques, mechanical
properties and coronary risk factors using integrated backscatter intravascular ultrasound (IB-IVUS).

Methods: Non-targeted plaques with moderate stenosis (plaque burden at the minimal lumen site: 50-70%)
located proximal to the site of the percutaneous coronary intervention target lesions were evaluated by IB-IVUS.
Thirty-six plaques (less calcified group: an arc of calcification ≤10°) in 36 patients and 22 plaques (moderately
calcified group: 10° < an arc of calcification ≤60°) in 22 patients were evaluated. External elastic membrane volume
(EEMV) compliance, lumen volume (LV) compliance, plaque volume (PV) response (difference between PV in systole
and diastole), EEM area stiffness index were measured at the minimal lumen site. Relative lipid volume (lipid
volume/internal elastic membrane volume) was calculated by IB-IVUS.

Results: In the less calcified group, there was a significant correlation between EEMV compliance and the relative lipid
volume (r = 0.456, p = 0.005). There was a significant inverse correlation between EEM area stiffness index and the
relative lipid volume (p = 0.032, r = −0.358). The LV compliance and EEM area stiffness index were significantly different
in the diabetes mellitus (DM) group than in the non-DM group (1.32 ± 1.49 vs. 2.47 ± 1.79%/10 mmHg, p =0.014 and
28.3 ± 26.0 vs. 15.7 ± 17.2, p =0.020). The EEMV compliance and EEM area stiffness index were significantly different in
the hypertension (HTN) group than in the non-HTN group (0.77 ± 0.68 vs. 1.57 ± 0.95%/10 mmHg, p =0.012 and
26.5 ± 24.3 vs. 13.0 ± 16.7, p =0.020). These relationships were not seen in the moderately calcified group.

Conclusion: The present study provided new findings that there was a significant correlation between mechanical
properties and tissue characteristics of coronary arteries. In addition, our results suggested that the EEMV compliance
and the LV compliance were independent and the compliance was significantly impaired in the patients with DM and/
or HTN. Assessment of coronary mechanical properties during PCI may provide us with useful information regarding
the risk stratification of patients with coronary heart disease.
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Introduction
Atherosclerotic changes consist of both a structural
(atherosis) and functional (sclerosis) component. A
pathological study in elastic arteries such as the carotid
artery has shown that sclerotic changes are reflected by
a decrease in vessel extensibility due to the degeneration
of elastic and collagen fibers, whereas atherotic changes
are reflected by an increase in plaque volume [1]. How-
ever, relationship between tissue components and the
mechanical properties of coronary arteries with ather-
omatous changes have not been adequately investigated.
Intravascular ultrasound (IVUS) allows cross-sectional

imaging of coronary arteries and provides a comprehen-
sive assessment of atherosclerotic plaques in vivo [2,3].
We previously reported that integrated backscatter (IB)-
IVUS had high sensitivity and specificity (90-95%) for
the tissue characterization of coronary plaques using
histology as a gold standard [3-6]. In those studies, we
constructed two-dimensional (2D) or three-dimensional
(3D) color-coded maps of plaque components based on
the IB values [4-9].
The purpose of the present study was to evaluate the

mechanical properties of coronary arteries and plaque
behavior, and to elucidate the relationship among mech-
anical properties, tissue characteristics of coronary pla-
ques and coronary risk factors using IB-IVUS.

Methods
Subjected patients and coronary plaques
We enrolled 150 consecutive patients with stable angina
pectoris that underwent percutaneous coronary inter-
vention (PCI) to the left anterior descending arteries and
left circumflex arteries. Right coronary arteries were
excluded because they often have ectasia that results
from medial replacement of smooth muscle cells with
hyalinized collagen and this is not typical coronary ath-
erosclerotic lesions [10]. Patients were excluded if they
had unstable angina or myocardial infarction within the
previous 3 months, an ejection fraction ≤30%, atrial fib-
rillation or frequent ventricular premature beat. Patients
with low systolic pressure (≤100 mmHg) during
catheterization were also excluded. Non-targeted pla-
ques with moderate stenosis (plaque burden at the min-
imal lumen site: 50-70%) located proximal to the site of
the PCI target lesions were evaluated, because previous
IVUS studies demonstrated that there is a significant re-
lationship between plaque burden and arterial luminal
compliance [11,12].
Proximal lesions in the left anterior descending arter-

ies and left circumflex arteries (#6 and #11) were
selected, since the previous study demonstrated that
proximal and distal pressures in atheromatous coronary
arteries without clinically significant stenosis vary in
pressure by 5 mmHg [13]. Plaques with an arc of
calcification >60° were excluded because acoustic shadow
due to calcification affected rigorous measurement of
plaque and vessel area. Plaques which imaging quality was
not adequate for analysis were also excluded. Finally,
thirty-six plaques (less calcified group: an arc of calcifica-
tion ≤10°) with moderate stenosis (plaque burden at min-
imal lumen site: 50-70%) in 36 patients and 22 plaques
(moderately calcified group: 10° < an arc of calcification
≤60°) with moderate stenosis (plaque burden at minimal
lumen site: 50-70%) in 22 patients were analyzed
(Figure 1). Risk factors for coronary artery disease were
evaluated in enrolled patients, including hypertension
(HTN) (medication-dependent or systolic BP ≥140 and/
or diastolic BP ≥90 mmHg), type 2 diabetes mellitus
(DM) (medication-dependent or hemoglobin (Hb) A1c ≥
6.5%), dyslipidemia (DL) (medication-dependent, LDL
cholesterol ≥140 mg/dl and/or HDL cholesterol <40 mg/
dl) and current smoking. The protocol was approved by
the institutional ethics committees, and informed con-
sent was obtained from each patient.

Integrated backscatter intravascular ultrasound system
and data acquisition
An IVUS imaging system (VISIWAVE, Terumo, Japan)
was used to obtain cross-sectional IB-IVUS images. Ultra-
sound backscattered signals were acquired using a 38 MHz
mechanically-rotating IVUS catheter (ViewIT, Terumo,
Tokyo, Japan). The details of the system and its clinical
usefulness have been reported previously [6-9,14]. Electro-
cardiographic (ECG) data were continuously displayed on
conventional IVUS images. The values for systemic pres-
sure were obtained from the tip of the guiding catheter
(6–7 Fr) in the ostium of the left main coronary trunk
and were continuously displayed on the monitor. All
vasoactive medications were discontinued at least 12
hours before catheterization.
We administered an optimal dose of intracoronary iso-

sorbide dinitrate before the measurements for the pre-
vention of coronary spasm. The IVUS catheter was
advanced into the coronary artery and IB-IVUS images
were acquired at the site of plaques which plaque bur-
den at the minimal lumen site was within 50-70%. All
measurements were performed 3–5 minutes after the
administration of isosorbide dinitrate, since vasoactive
medication can affect coronary distensibility for at least
two minutes [15,16].
The position and axis of IVUS might have slightly

changed during the cardiac cycle, preventing rigorous
measurement of coronary compliance. Therefore, we
performed volumetric analysis using three cross-sections
(0.5 mm proximally, and distally to the site of minimal
lumen diameter). That is, thickness of analyzed lesion
was one millimeter. Cross-sectional images were quanti-
fied for lumen volume (LV), external elastic membrane



Figure 1 Study flow chart. LAD: left anterior descending artery. LCX: left circumflex artery. PCI: percutaneous coronary intervention.
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volume (EEMV), and plaque volume (PV = EEMV - LV)
by use of software included with the IVUS system
(Figure 2). Total EEMV, PV and LV was calculated as
the sum of three cross-sections (0.5 mm proximally, and
distally to the site of minimal lumen diameter). The ec-
centricity rate was calculated as (maximum plaque plus
media thickness - minimum plaque plus media thick-
ness)/maximum plaque plus media thickness. The re-
modeling index was defined as the ratio of EEM area at
the measured lesion to average of EEM area at the prox-
imal reference site and EEM area at the distal reference
site. We determined the maximum and minimum
EEMV and LV between the onset of the QRS complex
(end-diastole) and the termination of the T-wave (end-
systole), since these criteria were used in previous
studies [10,11,17].
Four mechanical properties including pressure-

independent vascular stiffness index were calculated
using the following formulas:

(1) Corrected EEMV compliance (%/10 mmHg) =
[(EEMV at systole – EEMV at diastole)/EEMV at
diastole]/(SBP-DBP) x 10, where SBP is the blood
pressure in systole and DBP is the blood pressure in
diastole
(2) Corrected LV compliance (%/10 mmHg) = [(LV at
systole – LV at diastole)/LV at diastole]/(SBP-DBP)
x 10

(3) Corrected PV response (%/10 mmHg) = [(PV at
systole – PV at diastole)/PV at diastole]/(SBP-DBP)
x 10

(4) EEM area stiffness index = [In (SBP/DBP)]/
[(maximum EEM area - minimum EEM area)/
minimum EEM area]

The EEM area stiffness index was calculated as the
average of the EEM area stiffness index at three cross-
sections (every 0.5 mm proximally, and distally to the
site of minimal lumen diameter). Determination of the
stiffness index requires measurement of vessel diameter
[18,19]. In the previous studies, the diameter of coronary
arteries is calculated by vessel area assuming the cross-
section is circular. However, we measured the stiffness
index using vessel area since we could not be certain of
a circular geometry.

Construction of 3D IB-IVUS images
The 3D construction by connecting consecutive 2D IB-
IVUS images was automatically performed by computer
software (T3D, Fortner Research LLC). We also constructed



Figure 2 Intravascular ultrasound images of coronary arteries. (A) Gray scale images in systole. (B) Gray scale images in diastole at the same
site as (A). (C) Integrated backscatter intravascular ultrasound images at the same site as (A) and (B). (Upper) Representative cross-sectional
images that showed reduction of plaque area from diastole to systole. (Lower) Representative cross-sectional images that showed increment of
plaque area from diastole to systole.
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a 3D plaque response map by changing color range of the
3D IB-IVUS color-coded maps. Of the 36 lesions evaluated,
3D color-coded maps were constructed for five plaques
which plaque burden of 17 cross-sections (every 1 mm axial
interval for 8 mm proximally, and distally to the site of min-
imal lumen diameter) were within 50-70% by connecting
the results of 17 cross-sections.

Reproducibility and reliability of HU measurements
We determined the interobserver variability of LV using
20 randomly-selected LV and EEMV that were measured
by two observers in a blinded way. Likewise, we deter-
mined the intraobserver variability of LV and EEMV
using 20 randomly-selected cross-sections that were
measured twice by one observer with a 7-day interval
between the two measurements. We determined the
standard deviation of relative lipid area during the car-
diac cycle using 20 randomly-selected cross-sections.

Statistical analyses
Data are reported as mean ± standard deviation (SD). Nor-
mality of distribution was tested using the Kolmogorov-
Smirnov test. The significance of the differences between
groups that were normally distributed and had similar var-
iances was tested by an unpaired Student’s t test. Other-
wise, Mann–Whitney U test was used to compare the
difference between groups. Categorical data were summar-
ized as percentages and compared using a Chi-square test
or Fisher exact test. The relationships between the mech-
anical properties and the relative lipid pool were tested for
significance by linear regression analysis. A p value <0.05
was considered statistically significant. Statistical analyses
were performed using Stat View version 5.0 (SAS Institute
Inc, Cray, NC).

Results
Patient characteristics
All patients underwent IB-IVUS analysis in non-target
lesions without any complications. The patients’ charac-
teristics are shown in Table 1. Age and medication with
statin in the moderately calcified group were signifi-
cantly higher than in the less calcified group. The total
cholesterol level and LDL cholesterol level in the less
calcified group was significantly higher than those in the



Table 1 Clinical and laboratory characteristics

Arc of calc
≤10°

10° < Arc of calc
≤60°

p value

(n = 36) (n = 22)

Men, % 31 (86) 15 (68) 0.18

Age, y 65 ± 10 72 ± 9 0.007

Clinical history, n (%)

Myocardial infarction 10 (28) 7 (32) 0.74

Previous coronary
bypass graft

1 (3) 1 (5) >0.99

Hypertension 25 (69) 15 (68) 0.92

Dyslipidemia 23 (64) 17 (77) 0.38

Current smoker 6 (17) 3 (14) >0.99

Diabetes mellitus
type 2

19 (53) 10 (45) 0.59

Target plaque location, n (%)

LAD 22 (61) 16 (72) 0.37

LCX 14 (39) 6 (28)

Medication, n (%)

Anti-platelet medicine 36 (100) 22 (100) >0.99

Statin 14 (39) 15 (68) 0.030

Calcium channel
blockers

16 (44) 8 (36) 0.54

Beta-blockers 6 (17) 4 (18) >0.99

Insulin 4 (11) 5 (23) 0.42

ARBs or ACEIs 20 (56) 13 (59) 0.79

Laboratory parameter

Total cholesterol (mg/dl) 205 ± 37 173 ± 27 <0.001

Triglycerides (mg/dl) 160 ± 96 145 ± 58 0.45

HDL cholesterol (mg/dl) 50 ± 9 45 ± 11 0.12

LDL cholesterol (mg/dl) 120 ± 38 98 ± 30 0.003

Hemoglobin A1c (%) 6.6 ± 0.9 6.6 ± 0.8 0.58

C-reactive protein
(mg/dl)

0.75 ± 0.51 0.15 ± 0.16 0.16

Blood pressure during
catheterization

Systolic pressure
(mmHg)

147 ± 25 149 ± 29 0.79

Diastolic pressure
(mmHg)

74 ± 13 74 ± 13 0.37

Values are mean ± SD. Calc: calcification, LAD: left anterior descending, LCX:
left circumflex, ARBs: angiotensin II receptor blockers, ACEIs: angiotensin-
converting enzyme inhibitors.
NGSP: National Glycohemoglobin Standardization Program.

Table 2 Angiographic and intravascular ultrasound
characteristics

Arc of calc
≤10°

10° < Arc of calc
≤60°

p value

(n = 36) (n = 22)

Angiographic stenosis, % 43.9 ± 6.9 41.0 ± 5.6 0.092

Systolic vessel volume, mm3 15.0 ± 3.8 13.0 ± 3.7 0.054

Systolic lumen volume, mm3 5.7 ± 1.5 5.1 ± 2.0 0.19

Systolic plaque volume, mm3 9.2 ± 3.0 7.9 ± 2.4 0.069

Diastolic vessel volume, mm3 14.1 ± 3.6 12.5 ± 3.8 0.11

Diastolic lumen volume, mm3 5.1 ± 1.6 4.8 ± 1.9 0.44

Diastolic plaque volume, mm3 9.0 ± 2.9 7.7 ± 2.5 0.095

Plaque burden, % 61.3 ± 7.9 61.4 ± 9.4 0.97

Eccentricity rate 0.68 ± 0.14 0.53 ± 0.18 0.003

Remodeling index 0.98 ± 0.12 0.97 ± 0.08 0.51

Relative lipid volume, % 44.2 ± 12.8 46.2 ± 14.5 0.58

Relative fibrous volume, % 55.6 ± 12.8 51.3 ± 14.0 0.23

Relative calcification volume, % 0.22 ± 0.18 2.50 ± 1.79 <0.001

EEMV compliance, %/10 mmHg 1.01 ± 0.85 0.58 ± 0.54 0.037

LV compliance, %/10 mmHg 1.86 ± 1.71 0.76 ± 0.87 0.007

PA response, %/10 mmHg 0.95 ± 2.28 0.51 ± 0.95 0.39

EEM area stiffness index 22.3 ± 22.9 32.6 ± 26.8 0.12

Values are mean ± SD. Calc: calcification, EEMV: external elastic membrane
volume, LV: lumen volume, PA: plaque area.
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moderately calcified group because of the higher rate of
medication with statin in the moderately calcified group.
At the time of measurement, systolic pressure in the ost-
ium of left main coronary trunk ranged from 103 to
191 mmHg, and diastolic pressure ranged from 48 to
97 mmHg (Table 1).
Reproducibility and reliability of measurements
The interobserver correlation coefficient and mean dif-
ferences in LV were 0.99 and 1.4 ± 0.4%, respectively.
The interobserver correlation coefficient and mean dif-
ferences in EEMV were 0.97 and 2.5 ± 1.4%, respectively.
The intraobserver correlation coefficient and mean dif-
ferences in LA were 0.99 and 1.0 ± 0.9%, respectively.
The intraobserver correlation coefficient and mean dif-
ferences in EEMV were 0.98 and 2.1 ± 1.0%, respectively.
The standard deviation of the relative lipid volume dur-
ing the cardiac cycle was 2.1 ± 0.5%, and since there was
no variation during the cardiac cycle, we ignored the in-
fluence of the cardiac cycle on relative lipid volume.

Conventional parameters and mechanical properties
There was significant correlations between LDL choles-
terol and EEMV compliance and EEM area stiffness
index (r =0.454, p =0.005 and r = −0.463, p =0.005, re-
spectively). However, there was no significant relation-
ship between EEMV compliance and HDL cholesterol
(p =0.42) and between EEM area stiffness index and
HDL cholesterol (p =0.59).
There were no significant differences between the less

and moderately calcified groups in the conventional
IVUS parameters except for eccentric rate, relative cal-
cification area (Table 2). The EEMV compliance and LV
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compliance were significantly greater in the less calci-
fied group than those in the moderately calcified group.
There were no significant differences in the PV response
and EEM area stiffness index between the less calcified
group and the moderately calcified group.

Tissue characteristics and mechanical properties of
coronary plaques
In the less calcified group, there was significant correlation
between LV compliance and EEMV compliance (r =0.390,
p =0.019), whereas there was no significant correlation be-
tween PV and EEMV compliance (p =0.13). There was a
significant correlation between EEMV compliance and the
relative lipid volume (r =0.456, p =0.005) (Figure 3). There
was a significant inverse correlation between EEMV
compliance and the relative fibrous volume (r = −0.456,
p =0.005) (Figure 4). The PV was larger in systole when
the relative lipid volume was ≥38%, whereas the PV was
smaller in systole when the relative lipid volume was
<38% (Figure 3). There was a significant correlation be-
tween the PV response and the relative lipid volume (p
<0.001, r =0.578). There was a significant inverse correl-
ation between the PV response and the relative fibrous
volume (p <0.001, r = −0.574). The EEM area stiffness in
low relative lipid volume (less than median of the rela-
tive lipid volume) was significantly greater than that in
high relative lipid volume group (more than and equal to
median of the relative lipid volume) (31.1 ± 27.0 vs. 13.7 ±
Figure 3 Correlation among relative lipid volume, mechanical proper
volume compliance, plaque volume compliance and EEM area stiffness ind
was no significant correlation between lumen volume compliance and rela
13.8, p =0.010). There was a significant inverse correlation
between EEM area stiffness index and the relative lipid vol-
ume (p =0.032, r = −0.358), suggesting that diseased coron-
ary arteries became stiffer when the relative lipid volume
was smaller (Figure 5).
In contrast, in the moderately calcified group, there was

no relationship between the relative lipid volume and
EEMV compliance, PV response, LV compliance and EEM
area stiffness index (p =0.13, p =0.21, p =0.92 and p = 0.21,
respectively). There was no relationship between the rela-
tive fibrous volume and EEMV compliance, PV response,
LV compliance and EEM area stiffness index (p =0.15,
p =0.25, p =0.90 and p =0.24, respectively). Likewise, there
was no relationship between the relative calcification vol-
ume and EEMV compliance, PV response, LV compliance
and EEM area stiffness index (p =0.31, p =0.30, p =0.88
and p =0.35, respectively).

Mechanical properties of coronary arteries and coronary
risk factors
We preformed sub-analyses in the less calcified group
comparing coronary compliance and stiffness with cor-
onary risk factors (HTN, DM and DL). The results
were shown in Figure 6. The LV compliance and EEM
area stiffness index were significantly different in the
DM group than in the non-DM group (1.32 ± 1.49 vs.
2.47 ± 1.79%/10 mmHg, p =0.014 and 28.3 ± 26.0 vs.
15.7 ± 17.2, p =0.020). The EEMV compliance and
ties and plaque behavior in the less calcified group. The EEM
ex were significantly correlated with relative lipid area whereas there
tive lipid area. EEM: external elastic membrane.



Figure 4 Correlation among relative fibrous volume, mechanical properties and plaque behavior in the less calcified group. The EEM
volume compliance, plaque volume compliance and EEM area stiffness index were significantly correlated with relative fibrous area whereas there
was no significant correlation between lumen volume compliance and relative fibrous area. EEM: external elastic membrane.
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EEM area stiffness index were significantly different in
the HTN group than in the non-HTN group (0.77 ±
0.68 vs. 1.57 ± 0.95%/10 mmHg, p =0.012 and 26.5 ±
24.3 vs. 13.0 ± 16.7, p =0.020). There was no relation-
ship between the coronary risk factors and tissue
characteristics.

Discussion
We evaluated the mechanical properties and plaque be-
havior of coronary arteries, and determined that the re-
lationship among tissue characteristics of coronary
Figure 5 Three-dimensional intravascular ultrasound images. (Left) Co
to plaque volume compression and expansion (percentage per 10 mmHg)
blue indicated plaque compression during cardiac cycle. (Middle) Three di
color-coded map that showed plaque components. (Right) 3D IB-IVUS col
middle image. Note that plaque area response in the lesion with relatively
the lesion with relatively few lipid pools (right side of the segment).
plaques, mechanical properties and coronary risk factors
using IB-IVUS.

Mechanical properties of coronary arteries and plaque
behavior
Several previous studies reported that the compliance of
coronary arteries varied among calcified, fibrotic and
hypoechogenic plaques that were classified by conven-
tional gray scale IVUS. Nakatani et al. demonstrated that
distensibility at angiographically normal coronary sites
was significantly correlated with thickness of the intima-
lor-coded map of plaque volume response. Each color corresponded
. Light green to orange signified plaque expansion, and dark green to
mensional integrated backscatter intravascular ultrasound (3D IB-IVUS)
or-coded map that depicted only lipid pool at the same lesion as the
many lipid pools (left side of the segment) was greater than that in



Figure 6 Relationships between mechanical properties of coronary arteries and coronary risk factors. DM: diabetes mellitus, HTN:
hypertension, DL: dyslipidemia. Non-parametric data was shown in box plot. A line in the box marks: median. Central box spans: 1st quartile and
3rd quartile. Lines extend from the box: 10th and 90th percentile.
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media complex [20, 21]. Previous intravascular ultra-
sound studies demonstrated that there was a significant
relationship between plaque burden and arterial luminal
compliance in diseased coronary arteries with plaques
[10, 11]. Therefore, in the present study, we limited out
analysis to coronary lesions with moderate stenosis
(plaque burden: 50-70%) to elucidate the relationship be-
tween mechanical properties and tissue components.
In the present study, EEMV and LV were greater in sys-

tole than in diastole, and this is consistent with the
results of previous studies. However, the increment or re-
duction of PV (plaque response) depended on the rela-
tionship between EEMV compliance and LV compliance.
That is, when the increment of EEMV from diastole to
systole was greater than that of LV, the PV was greater.
In contrast, when the increment of LV from diastole to
systole was greater than that of EEMV, the PV was smal-
ler. There was only one previous study showing two pos-
sible changes in plaque area (systolic plaque compression
or systolic plaque expansion) during the cardiac cycle
[17]. In that study, a major determinant of the systolic in-
crease in lumen area in atheromatous coronary lesions
was a reduction in plaque area during systole [17].
However, that study did not report that the increment or
reduction of PV depended on the relationship between
EEMV and LV. The present study demonstrated new
insight into the mechanical properties and plaque behav-
ior of coronary arteries.
The present study demonstrated that there was no sig-

nificant correlation between LV compliance and the rela-
tive lipid pool volume, whereas the EEMV compliance
was significantly correlated with the relative lipid pool
volume. Keymel et al. reported that flow-mediated dila-
tion of brachial arteries as a maker for endothelial func-
tion and fractional diameter changes as a maker for
mechanical properties of external diameter of the artery
independently represented the endothelial function and
vascular structure of brachial arteries [22]. A change of
LV during cardiac cycle may be affected by the endothe-
lial function that is independent of the change of EEMV
and plaque components.
Another intriguing finding in the present study was that

the coronary artery was stiffer in the DM or HTN group
than in the non-DM or non-HTN group regardless of
similar plaque burden and no correlation with tissue char-
acteristics. This finding suggested that coronary sclerotic



Ishihara et al. Cardiovascular Ultrasound 2012, 10:32 Page 9 of 10
http://www.cardiovascularultrasound.com/content/10/1/32
change due to DM or HTN is diffuse sclerotic process and
independent of the change of tissue components that is
local atherotic process. A previous study demonstrated
that endothelial function and mechanical property of bra-
chial arteries were impaired in patients with DM compar-
ing with patients without DM [22]. Another study showed
that aortic stiffness was augmented in phases according to
the severity of HTN [23]. However, there have been few
studies that demonstrated the relationship between the
impairment of mechanical property of coronary arteries
and the coronary risk factors. This is the first clinical dem-
onstration of the relationship among mechanical proper-
ties, tissue characteristics of coronary plaques and
coronary risk factors.
In the moderately calcified group, there was no rela-

tionship between the relative lipid volume and EEMV
compliance, PV response, LV compliance and EEM area
stiffness index. Previous study reported that coronary
vessel expansion from diastole to systole in calcified
lesions (arc of calcification >25%) was less than that in
non-calcified lesions [12]. This is consistent with the
results of the present study.

Clinical implications
The findings in the present study have important clinical
implications. It is possible that the plaque response
(compression or expansion) demonstrated in the present
study could be an alternative index for the dynamic
stress on coronary plaques at risk of rupture. Imbalance
in these properties within the same coronary plaques
might trigger acute coronary syndrome because repeti-
tive plaque deformation during the cardiac cycle
increases the dynamic stress on plaques [16,24]. In the
present study, LV compliance was significantly impaired
and EEM area stiffness increased in the DM group than
in the non-DM group. Previous studies demonstrated
that coronary endothelial vasodilator dysfunction pre-
dicted long-term atherosclerotic disease progression and
cardiovascular event rates in the patients with coronary
heart disease or hypertension [25,26]. Thus, the assess-
ment of coronary mechanical properties during PCI may
provide us with useful information regarding the risk
stratification of patients with coronary heart disease.

Study limitations
There are several limitations of the present study. First,
we substituted systemic pressures that were obtained
from the tip of the guiding catheter in the ostium of the
left main coronary trunk for intracoronary pressures.
This substitution may hinder rigorous measurement of
coronary compliance. However, we evaluated only
lesions in the left anterior descending and left circumflex
coronary arteries that were proximal to the PCI target
lesions to minimize the pressure difference between the
left main coronary trunk and the intracoronary pres-
sures. In addition, the position and axis of IVUS might
have slightly changed during the cardiac cycle, prevent-
ing rigorous measurement of coronary compliance, al-
though we performed volumetric analysis using three
cross-sections. Second, all measurement were performed
3–5 minutes after the administration of isosorbide dini-
trate, because the effects of vasoactive medication on
coronary distensibility last for at least two minutes [15].
It is possible that other oral medications that patients
were on at the time of the study may have influenced
coronary compliance. Other factors such as calcification
and patient age that might influence coronary compli-
ance should also be considered. Finally, circumferential
regional differences in compliance were not considered
in the present study because of technical difficulties. Cir-
cumferential differences may influence plaque deform-
ation that causes physical stress on plaques resulting in
plaque rupture. For the evaluation of regional differences
in compliance, elastography is useful [27].

Conclusions
The present study provided new findings that there was a
significant correlation between mechanical properties and
tissue characteristics of coronary arteries. In addition, our
results suggested that the EEMV compliance and the LV
compliance were independent and the compliance was
significantly impaired in the patients with DM and/or
HTN. Assessment of coronary mechanical properties
during PCI may provide us with useful information
regarding the risk stratification of patients with coronary
heart disease.
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