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Statistical Analysis

The 2-way repeated measures ANOVA was used to compare the
groups for changes in lipid profiles and glucose metabolism pa-
rameters from baseline to each assessment time. The unpaired
t-test adjusted by Holm’s method was used for intergroup com-
parison to avoid multiplicity at multiple time points. A log-rank
test was used to compare intensification of DM treatment be-
tween the groups.

Results

A total of 1,049 patients were enrolled and randomized to the
rosuvastatin or atorvastatin group from March to September
2012 at 132 institutions in Japan; 514 patients in the rosuvas-
tatin group and 504 patients in the atorvastatin group were
included in the full analysis set. There were no significant
differences between the groups at baseline (Table S1).

Lipid Profiles and Glucose Levels
Non-HDL-C showed a significant reduction in both groups
(—32.86% in the rosuvastatin group and —31.01% in the atorv-
astatin group at 12 months) without a significant difference be-
tween groups (Figure 1A). Low-density lipoprotein cholesterol
levels were also decreased at 12 months: ~34.79% in the rosuv-
astatin group and —32.78% in the atorvastatin group (Figure S1).
The changes in HbAlc were 0.11 in the rosuvastatin group
and 0.12 in the atorvastatin group (Figure 1B). There was a
significant difference at 6 months even after adjustment for mul-
tiple comparisons, but not significant difference between groups
throughout the study period. Other glucose metabolism pa-
rameters did not show significant differences between groups
(Figure S2). The cumulative incidence of intensification of
DM treatment is shown in Figure 2. During the study period,
45 subjects in the rosuvastatin group and 64 subjects in the
atorvastatin group were treated with increased DM therapy
(Table S2). The hazard ratio was 1.46 (95% confidence inter-
val 1.00-2.14) (Figure 2).

Safety

Adverse effects occurred in 4.5% of the rosuvastatin group
and 5.9% of the atorvastatin group. There were no cases of
rhabdomyolysis or of liver function enzyme elevation greater
than 3-fold the upper limit of normal.

Discussion

There were no significant changes in non-HDL-C or HbAlc in
either group. However, there were difference in the effects on
glucose levels and treatment decisions for DM. A meta-analysis
has shown that statin therapy is associated with an increased
risk of developing DM, but did not show any obvious differ-
ences among the individual statins,” which are classified as
hydrophilic or lipophilic. Takaguri et al reported that lipophilic
but not hydrophilic statins significantly affected glucose uptake
by adipocytes,'* and MUSASHI-AMI showed that cardiovas-
cular events tended to be fewer with hydrophilic statins.!s

To complement the results from previous studies, our re-
sults should be interpreted that the choice of statin be consid-
ered not only on the basis of potency of cholesterol-lowering
effect but also glucose metabolism. In our study results, rosu-
vastatin and atorvastatin showed different patterns of change in
HbAlc. The atorvastatin group tended to be changed to more
intensive DM therapy. At 6 months, HbAlc levels showed a
statistically significant difference between groups, and that
would have influenced physicians’ behavior to change the in-

tensity of DM treatment. Consequently, the overall change in
HbA 1c did not reach statistically significant difference. How-
ever, our results suggested rosuvastatin might be preferable to
atorvastatin in this study population.

There are several limitations to this study. Firstly, we com-
pared laboratory data mainly as the outcome; in addition, the
long-term outcome is uncertain. Moreover, the differences in
glucose levels between the 2 statins were determined by the
changes in HbA1c levels, in addition to the treatment intensity
for DM. Secondly, our study used small dosages based on the
Japanese regulation, so the results might underestimate the
effects of statins. Besides, this was an open-label study in which
the possibility of bias cannot be entirely denied. However, both
groups were treated aggressively for DM, as the results for
HbAlc level at 12 months were similar between groups, al-
though they were different at 6 months. We believe our find-
ings would be close to the real clinical setting.

Conclusions

Rosuvastatin 5mg and atorvastatin 10 mg have a similar low-
ering on non-HDL-C, but might be different in terms of ad-
verse effect on glucose levels.
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Kato R, Nomura A, Sakamoto A, Yasuda Y, Amatani K, Nagai
S, Sen Y, Ijiri Y, Okada Y, Yamaguchi T, Izumi Y, Yoshiyama M,
Tanaka K, Hayashi T. Hydrogen gas attenuates embryonic gene
expression and prevents left ventricular remodeling induced by inter-
mittent hypoxia in cardiomyopathic hamsters. Am J Physiol Heart
Circ Physiol 307: H1626-H1633, 2014. First published October 3,
2014; doi: 10.1152/ajpheart.00228.2014.—The prevalence of sleep ap-
nea is very high in patients with heart failure (HF). The aims of this
study were to investigate the influence of intermittent hypoxia (IH) on
the failing heart and to evaluate the antioxidant effect of hydrogen gas.
Normal male Syrian hamsters (n = 22) and cardiomyopathic (CM)
hamsters (n = 33) were exposed to IH (repeated cycles of 1.5 min of
5% oxygen and 5 min of 21% oxygen for 8 h during the daytime) or
normoxia for 14 days. Hydrogen gas (3.05 vol/100 vol) was inhaled
by some CM hamsters during hypoxia. IH increased the ratio of early
diastolic mitral inflow velocity to mitral annulus velocity (E/e’, 21.8
vs. 16.9) but did not affect the LV ejection fraction (EF) in normal
Syrian hamsters. However, IH increased E/e’ (29.4 vs. 21.5) and
significantly decreased the EF (37.2 vs. 47.2%) in CM hamsters. IH
also increased the cardiomyocyte cross-sectional area (672 vs. 443
wm?) and interstitial fibrosis (29.9 vs. 9.6%), along with elevation of
oxidative stress and superoxide production in the left ventricular (LV)
myocardium. Furthermore, IH significantly increased the expression
of brain natriuretic peptide, f-myosin heavy chain, c-fos, and c-jun
mRNA in CM hamsters. Hydrogen gas inhalation significantly de-
creased both oxidative stress and embryonic gene expression, thus
preserving cardiac function in CM hamsters. In conclusion, IH accel-
erated LV remodeling in CM hamsters, at least partly by increasing
oxidative stress in the failing heart. These findings might explain the
poor prognosis of patients with HF and sleep apnea.

heart failure; intermittent hypoxia; oxidative stress; cardiomyopathic
hamster; hydrogen gas

SLEEP APNEA SYNDROME (SAS) is a breathing disorder character-
ized by recurrent episodes of apnea and/or hypopnea that
increases the risk of cardiovascular morbidity and mortality
(10, 19, 26). In persons with SAS, recurrent hypopnea/apnea
leads to intermittent hypoxia (IH). The prevalence of SAS is
much higher in patients with established cardiovascular dis-
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ease, and central sleep apnea is associated with the more severe
forms of heart failure (17), although the mechanisms underly-
ing periodic breathing in patients with heart failure (HF) are
complex and multifactorial.

Oxidative stress arises because of an imbalance between free
radical production and endogenous antioxidant defenses and is
increased in patients with HF (4). Free radicals have also been
linked to endothelial dysfunction and increased sympathetic
tone (2, 16), whereas intravenous infusion of antioxidants
reduces free radical levels and attenuates sympathetic activity
in animal models of HF (32). It has been suggested that
hydrogen gas produced in the large intestine by intestinal
bacteria might scavenge hydroxyl radicals (6), and it was
recently reported that hydrogen gas selectively scavenges hy-
droxyl radicals and exerts an antioxidant effect (23). We
previously reported that inhalation of hydrogen gas could
prevent dyslipidemia and could also suppress oxidative stress
in the left ventricular (LV) myocardium of mice exposed to IH
(13). Accordingly, we considered that hydrogen gas might
exert a cardioprotective effect in cardiomyopathic (CM) ham-
sters.

Because the effects of IH on cardiovascular disease have not
been clarified, we performed the present study to examine the
influence of IH on the heart in CM hamsters (an animal model
of human hereditary cardiomyopathy) and to evaluate the
antioxidant effect of hydrogen gas on the failing heart during
exposure to IH.

MATERIALS AND METHODS

Animals. Normal Syrian hamsters (aged 24 wk, n = 22) were
obtained from Japan SLC (Hamamatsu, Shizuoka, Japan). By crossing
BIO14.6 hamsters (Bio Breeders, Fitchburg, MA) and Syrian ham-
sters, we generated CM hamsters (aged 20-24 wk, n = 33) with
homozygous deletion for the 3-sarcoglycan gene (28). The hamsters
were housed at a temperature of 24 * [°C and a humidity of 55 =
10%, with lights on from 6:00 to 18:00 and free access to tap water
and solid feed (NMF, Oriental Yeast, Tokyo, Japan). The Osaka
University of Pharmaceutical Sciences Experimental Animal Re-
search Committee approved the study protocol and the animal care
methods. All experiments were conducted in accordance with the
National Institutes of Health guidelines for the care and use of
laboratory animals.

Study protocol. Hamsters were placed in a chamber and exposed to
IH (repeated cycles of 1.5 min of 5% oxygen and 5 min of 21%

http://www.ajpheart.org



INTERMITTENT HYPOXIA AND HEART FAILURE

Table 1. Body weight, heart weight, and heart weight/body
weight ratio

Group BW, g HW, mg HW/BW ratio, mg/g
Syrian normoxia 148 = 4,50 0418 £0.015 284 = 0.114
Syrian hypoxia 149 £ 679 0457 = 0018 3.08 % 0.093
CM normoxia 134 £7.07 0495 = 0.023 374 £ 0.167*
CM hypoxia 131 2558 0.560 £ 0.029%  4.29 £ 0.217%% 3¢
CM hypoxia + Ha 143 =792  0.504 £ 0.023 3.57 £ 0.185

CM, cardiomyopathy; BW, body weight; HW, heart weight. Data are shown
as means * SE (n = 5-13). *P < 0.05 compared with the Syrian normoxia
group; *#P < .01 compared with the Syrian normoxia group; £ < 0.01
compared with the Syrian hypoxia group.

oxygen for 8 h during the daytime) for 2 wk with or without inhalation
of hydrogen gas (3.05 vol/100 vol) during the hypoxic periods.
Hamsters maintained under normoxic conditions in the same room
served as controls. Thus we assessed Syrian hamsters housed under
normoxic conditions (Syrian normoxia group), Syrian hamsters ex-
posed to IH (Syrian hypoxia group), CM hamsters housed under
normoxic conditions (CM normoxia group), CM hamsters exposed to
IH (CM hypoxia group), and CM hamsters that inhaled a mixture of
No/H» gas during [H (CM hypoxia + H, group). Cardiac function was
evaluated by echocardiography under anesthesia induced by intraperi-
toneal injection of pentobarbital sodium (50 mg/kg) on the day after
the last exposure to hypoxia.

Echocardiographic analysis. Transthoracic echocardiography was
performed using a Vivid E9 instrument (GE Healthcare, Salt Lake
City, UT). In brief, the LV ejection fraction (LVEF) was calculated
from the LV end-diastolic volume (LVEDV) and LV end-systolic
volume (LVESV) obtained using a modified Simpson’s method (34).
In addition, pulsed-wave Doppler spectra [early LV filling velocity (E
wave) and late LV filling velocity due to atrial contraction (A wave)]
of mitral inflow were recorded in the apical four-chamber view with
the sample volume being placed near the tips of the mitral leaflets at
the position where velocity was maximal and flow was laminar. The
ratio of E wave velocity to A wave velocity (E/A ratio) was then
calculated. Furthermore, the carly velocity (e') and late velocity (a')
of the mitral annulus were determined by tissue Doppler imaging, and
the ratio of E to e’ (E/e’ ratio) was calculated.

Histological assessment. Hearts (some arrested in diastole with
saturated potassium chloride) were excised and transected below the
mitral valve, after which the upper half was examined by light
microscopy. The LV free wall myocardium was excised for assess-
ment by electron microscopy, immunohistochemistry, and real-time
reverse transcription-polymerase chain reaction (RT-PCR) analysis.
For light microscopy, cardiac tissues were fixed in 10% formalde-
hyde, embedded in paraffin, and cut into 4-pm sections. Photographs
were taken with an ECLIPSE 80i light microscope (Nikon, Tokyo,
Japan) at a magnification of X4 and were transformed into binary
images, and the cardiac cross-sectional area was evaluated at a
magnification of X400 by the method previously reported (8) using

Table 2. Echocardiographic findings

H1627

Imagel version .44 software (National Institutes of Health, Bethesda,
MD). Briefly, in nucleated transverse sections stained with hematox-
ylin-cosin, cardiomyocytes with both a clear nucleus and intact
cellular membrane were measured using NIS-Elements version 3.07
software (Nikon), and at least 30 cardiomyocytes were analyzed per
heart. After staining with Sirius red, color images were randomly
selected from five high-power fields (at a magnification of X200), and
the collagen volume ratio (%) was calculated as described elsewhere
(33). The LV free wall myocardium was fixed in 4% paraformalde-
hyde containing 0.25% glutaraldehyde and 4.5% sucrose. Ultrathin
sections were cut from the fixed blocks, stained with uranyl acetate
and lead citrate, and examined using a Hitachi model H-7650 electron
microscope (Hitachi, Tokyo, Japan) (12).

Terminal deoxynucleotidyl transferase-mediated dUTP-biotin end
labeling. 1.V myocardial tissue samples were assessed by terminal
deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling
(TUNEL) using Apop Tag peroxidase in situ apoptosis detection kits
(Millipore Japan, Tokyo, Japan). Negative controls were processed
with distilled water, and endometrium was used as the positive
control. After cells were counterstained with Mayer’s hematoxylin,
TUNEL-positive cells were counted as described elsewhere (15).

Immunohistochemistry of 4-hydroxy-2-nonenal expression. The
amount of 4-hydroxy-2-nonenal (4-HNE)-modified protein adducts in
paraffin sections of the left ventricle was determined by immunohis-
tochemical staining. Sections were incubated with a monoclonal
antibody for 4-HNE (Japan Institute for the Control of Aging, Shizuoka,
Japan) and with a secondary antibody (biotinylated anti-mouse IgG),
followed by incubation with Vectastain Elite ABC reagent (Vector,
Burlingame, CA). The arca of 4-HNE staining was then compared
with the mean area on control sections (defined as 1.0).

Detection of superoxide in LV myocardium. Freshly frozen unfixed
LV myocardial specimens were incubated with 10 pmol/l of
dihydroethidium (DHE) (Molecular Probes, Eugene, OR) for 30
min in a light-protected humidified chamber at 37°C. Sections were
examined using a BZ-8000 fluorescence microscope (KEYENCE,
Osaka, Japan), and the fluorescence intensity of DHE was quantified
using NIH Image 1.61 software and compared with the mean control
intensity to detect in situ superoxide production.

Quantitative real-time RT-PCR. Total RNA was extracted from LV
and RV myocardial tissues using TRI reagent (Molecular Research
Center, Cincinnati, OH). Complementary DNA was synthesized from
total RNA by reverse transcription using a Transcriptor Universal
cDNA Master kit (Roche Diagnostics, Basel, Switzerland). The prim-
ers and probes were designed for the nucleotide sequence of hamster
brain natriuretic peptide (BNP), B-myosin heavy chain (B-MHC),
c-fos, c-jun, and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) using Probefinder v. 2.45 software (http:/qpcr.probefinder.
com/roche3.html), which specifies a set of specific primers plus the
TaqMan locked nucleic acid probe from the Roche Universal Probe
Library collection. Universal Probes No. 38 for 3-MHC, No. 46 for
c-fos, No. 78 for c-jun, No. 80 for GAPDH, and No. 95 for BNP
were purchased from Roche Diagnostics. The mRNA levels were

Group Dd, mm Ds, mm E, cm/s A, cm/s E/A e’, cm/s Efe’ LVEF, %
Syrian normoxia 471 £0.17 315014 846*3.13 609 =*6.18 143 +£0.08 523*044 16.9 £ 1.80 60.2 = 0.56
Syrian hypoxia 5.07 £0.17 359 %015 81.5%£592 548 £806 155%x0.13 4.23*091 21.8 =3.93 61.5 £0.76
CM normoxia 5.89 £0.39 4432044 795%564 492472 1.69=*013 3.84+043 21.5 £ 1.70 47.2 £ 341%7
CM hypoxia 6.23 £0.36% 482050 77.9x500 553*434 1432005 2.76x024%% 294 220%x 372 & 3248 gy
CM hypoxia + H2  5.17 £0.28 3.61 £0.17 784 =442 567*x3.64 139£0.03 4.04=045 20.0 = 1.59§ 60.9 = 0.928§

CM, cardiomyopathy; Dd, left ventricular end-diastolic diameter; Ds, LV end-systolic diameter; E, early rapid filling wave of mitral inflow; A, atrial
contraction wave of mitral inflow; e’, early velocity of the mitral annulus; LVEEF, left ventricular ejection fraction. Data are shown as means * SE (n = 5-9).
#P < 0,05 compared with the Syrian normoxia group; **P < 0.01 compared with the Syrian normoxia group; 7P < 0.05 compared with the Syrian hypoxia
group; 1P < 0.01 compared with the Syrian hypoxia group; £P < 0.05 compared with the CM normoxia group; §P < 0.05 compared with the CM hypoxia

group; §§P < 0.01 compared with the CM hypoxia group.

AJP-Heart Circ Physiol - doi:10.1152/ajpheart.00228.2014 - www.ajpheart.org



H1628

measured using a LightCycler (Roche Diagnostics) and were
normalized by comparison with the level of GAPDH mRNA as the
internal control.

Statistical analysis. Values are shown as means = SE. Data were
statistically analyzed by using one-way ANOVA followed by the
Tukey-Kramer multiple comparison test, and P < 0.05 was consid-
ered to indicate a significant difference.

RESULTS

Heart weight and body weight. Heart weight was signifi-
cantly increased in the CM hypoxia group compared with the
Syrian normoxia group. The heart weight-to-body weight ratio
was significantly increased in the CM hypoxia group compared
with both the Syrian normoxia group and the Syrian hypoxia
group (Table 1).

Echocardiographic findings. LVEF was significantly smaller in
the CM normoxia group compared with the Syrian normoxia
and Syrian hypoxia groups (Table 2). IH led to a significant
increase of LV end-diastolic diameter, E/e’, and LVEF in the
CM hypoxia group, but not in the Syrian hypoxia group (Table
2 and Fig. 1). In contrast, these changes were less marked in
the CM hypoxia + H, group, and LVEF showed significant
improvement (Table 2 and Fig. 1).

Histological findings. In CM hamsters, exposure to IH in-
duced cardiomegaly and a significant increase of cardiomyo-

INTERMITTENT HYPOXIA AND HEART FAILURE

cytes cross-sectional area (Fig. 2). The CM hypoxia group
showed an increase in degeneration of cardiomyocytes, includ-
ing myofibrillar lysis, disarray of myofibers, and interstitial
fibrosis (Fig. 2, H and I). Electron microscopy revealed mild
myofiber disarray and variation of mitochondrial size in CM
hamsters kept under normoxic conditions. Exposure to IH
resulted in an increase of myofibrillar lysis, mitochondrial
degeneration, dissociation of intercalated discs, and Z-line
streaming (Fig. 3). All of these changes induced by IH in CM
hamsters were suppressed by inhalation of hydrogen gas (Fig.
2, K and L, and Fig. 3F).

TUNEL findings. The number of TUNEL-positive cells in
the LV myocardium was significantly increased in the CM
hypoxia group, whereas it was significantly reduced in the CM
hypoxia + H, group (Fig. 4).

Superoxide production and 4-HNE expression in the LV
myocardium. In the CM hypoxia group, superoxide production
(detected by DHE labeling) and 4-HNE-modified protein ad-
ducts were significantly increased in the LV myocardium,
whereas these changes were significantly suppressed in the CM
hypoxia + H, group (Fig. 5).

Real-time RT-PCR. In the CM hypoxia group, expression of
BNP and B-MHC mRNA was significantly increased in the LV
myocardium compared with the Syrian normoxia group. Inha-

Syrian normoxia Syrian hypoxia

CM normoxia

CM hypoxia CM hypoxia + H,

Fig. 1. Echocardiographic findings after 2 wk of intermittent hypoxia. Changes in left ventricular (LV) end-diastolic diameter (Da), LV end-systolic diameter
(Ds), pulsed-wave Doppler parameters [early rapid filling wave (E) and atrial contraction wave (A) of mitral inflow], and tissue Doppler parameters [early (e”)
and late (a") velocities of the mitral annulus]. Note that the quantitative data are summarized in Table 2.
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Fig. 2. Representative light micrographs, cardiomyocyte cross-sectional area, and collagen content (%fibrosis) in the LV myocardium of cardiomyopathic (CM)
hamsters. Intermittent hypoxia caused cardiac hypertrophy (G), cardiomyocyte degeneration (H), and increased perivascular fibrosis (/). These abnormalities were
suppressed by inhalation of hydrogen gas (J-L). Intermittent hypoxia significantly increased the cardiomyocyte cross-sectional area and interstitial fibrosis,
whereas inhaling hydrogen gas significantly suppressed these changes. Values are shown as means & SE (n = 5-16).

lation of hydrogen gas significantly reduced the expression of
BNP and B-MHC mRNA in the LV myocardium (Fig. 6).
Expression of c-fos and c-jun mRNA in the LV myocardium
was also significantly increased in the CM hypoxia group,
whereas inhalation of hydrogen gas significantly reduced myo-
cardial expression of c-fos and c-jun mRNA (Fig. 6).

DISCUSSION

In the present study, we showed that the IH accelerated the
degeneration of cardiomyocytes and aggravated systolic dys-
function in CM hamsters, whereas these deleterious effects of
IH were not seen in Syrian hamsters. The CM hypoxia group
displayed hypertrophy of cardiomyocytes, as well as increased
expression of c-fos and c-jun mRNA. On the other hand,
inhaling a low concentration (3.05 vol/100 vol) of hydrogen
gas attenuated cardiomyocyte hypertrophy and perivascular
fibrosis in the LV myocardium, resulting in the preservation of
cardiac function.

LV diastolic function is frequently impaired in patients with
SAS (1, 18). In the present study, exposure to IH for 2 wk
mainly caused LV systolic dysfunction in CM hamsters and
had a minimal effect on the heart in normal Syrian hamsters.

We previously used dobutamine stress echocardiography to
demonstrate that the myocardial contractile reserve is reduced
in patients with severe SAS (25). Maeda et al. (20) recently
reported that a longer duration of IH induces autophagy in the
normal rat heart, which maintains contractile function and
prevents necrosis. Their differing findings might be due to
differences of the animal model and the duration of hypoxic
stress. In addition, it should be remembered that the physio-
logical conditions in our model are different from those in SAS
patients, because we focused on IH and neglected barometric
pressure and acid-base disturbance. Therefore, change of
PaCO, should be taken into consideration in a future study.
In CM hamsters, we found that IH increased cardiac hyper-
trophy, interstitial fibrosis, and cardiomyocyte degeneration
(including mitochondrial destruction and myofibrillar lysis),
but these changes did not occur in normal Syrian hamsters.
Intriguingly, streaming of Z-lines was often observed in CM
hamsters. It has been reported that Z-line degeneration is
observed in the myocardium with genetic mutations of dystro-
phin-associated glycoproteins, including 8-sarcoglycan (31).
The myocardium of CM hamsters would be expected to be
fragile, and genomic deletion of §-sarcoglycan might have
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Fig. 3. Electron micrographs of the LV myocardium. A normal Syrian hamster (A). Mt, mitochondria; N, nucleus. Mild myofiber disarray and variation of
mitochondrial sizes are observed in CM hamster maintained under normoxic conditions (B). Intermittent hypoxia (IH) has increased myofibrillar lysis and Mt
degeneration in a CM hamster (C). Partial dissociation (square) of intercalated disc (ID) (D) and Z-line (Z) streaming (square) (E) were often observed in the
CM hypoxia group. All of the changes seen in CM hamsters due to IH were suppressed by inhaling hydrogen gas (F). Scale bar, 1 pm.

been the underlying cause of histological changes that were
accelerated by IH in CM hamsters.

Although the precise mechanisms through which SAS ag-
gravates heart failure are unknown, it has been suggested that
oxidative stress might play an important role in the progression
of cardiovascular disease (27). In the present study, superoxide
production and 4-HNE-modified protein adducts were in-
creased in the LV myocardium by IH, suggesting an increase
of oxidative stress, and these changes were inhibited by inhal-
ing a low concentration of hydrogen gas. Furthermore, the
number of degenerated mitochondria was decreased, and the
ultrastructural architecture of the LV myocardium was pre-
served in the CM hypoxia + H, group. It has been reported that
H, gas selectively scavenges hydroxyl radicals (24). It has also
been reported that hydrogen protects cells and tissues against
oxidative stress by scavenging hydroxyl radicals (22) and
might prevent a decrease of cellular ATP levels (23). Since we
found that IH aggravated underlying abnormalities and reduced
systolic function, one of the mechanisms through which adap-
tive servo-ventilation improves congestive HF might be alle-
viation of oxidative stress (11). We previously evaluated the
effect of hydrogen gas inhalation on LV remodeling and
dyslipidemia in mice when hydrogen was inhaled during re-
oxygenation, during hypoxia, or throughout the experimental
period (13), and we showed that inhalation during hypoxia
reduced oxidative stress and improved systolic dysfunction in
the failing heart. Therefore, inhalation of hydrogen gas using
adaptive servo-ventilation might be an effective treatment for
patients with HF and periodic apnea. In the present study,

oxidative stress was evaluated by immunohistochemistry. Our
preliminary study demonstrated that malondialdehyde, a bio-
marker of lipid peroxidation, was significantly increased in LV
myocardium after exposure to intermittent hypoxia (data not
shown). Additional parameters of oxidative stress like malon-
dialdehyde should be employed in future studies.

Myocardial remodeling is associated with upregulation of
the expression of embryonic gene isoforms such as c-fos and
c-jun (5,21). BNP and B-MHC are well-established markers of
cardiomyocyte hypertrophy. In the present study, changes of
BNP and $-MHC mRNA expression showed that IH increased
cardiac hypertrophy and that it was suppressed by inhaling
hydrogen gas. We found that c-fos and c-jun mRNA expression
was significantly increased in the LV myocardium of the CM
hypoxia group. Increased c-fos and c-jun levels might suggest
transcriptional activation of activator protein 1 (AP-1) (3),
because AP-1 plays a pivotal role in the ERK/INK signaling
pathways and overexpression of c-jun and c-fos is a common
feature of myocardial hypertrophy in rodents (3, 7). In turn, the
upregulation of c-fos and c-jun might accelerate myocardial
degeneration. Various stimuli can activate AP-1, including
inflammatory cytokines, growth factors, and oxidative stress
(9, 14, 30), whereas inhaled hydrogen gas scavenges free
radicals and decreases oxidative stress, so that c-fos and c-jun
mRNA expression was decreased by inhalation of hydrogen in
the present study. AP-1 has been reported to induce aldose
reductase-like gene, which is involved in the biosynthesis of
PGF2a. It has been reported that PGF2« inhibits expression of
the sarco(endo)plasmic reticulum Ca?*-ATPase 2 (SERCA2)
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Fig. 4. Terminal deoxynucleotidy! transferase-mediated dUTP nick end labeling (TUNEL) staining of LV myocardium in CM hamsters. Compared with hamsters
from the Syrian normoxia group (A) and the CM normoxia group (B), TUNEL-positive cells are significantly increased in the LV myocardium of a CM hamster
exposed to intermittent hypoxia (CM hypoxia group) (C), whereas these cells are significantly decreased by inhaling hydrogen gas (CM hypoxia + Ha group)

(D). Values are shown as means £ SE (n = 4-7).

gene and thus causes diastolic dysfunction (29). Accordingly,
further studies are needed with a focus on the molecular
pathways involved in the pathogenesis of cardiomyopathy,
including aldose reductase-like gene expression.

In conclusion, exposure of CM hamsters to IH promoted
cardiomyocyte degeneration and systolic dysfunction, at least
partly through increased oxidative stress, which might explain
the poor prognosis of HF patients with SAS. Inhalation of
hydrogen gas attenuated the deleterious changes in CM ham-
sters and might be a novel treatment strategy for HF, especially
in patients who also have SAS.
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Objective: Accelerated atherosclerosis occurs with a high frequency in patients with chironic kidney
disease (CKD). We evaluated the association between CKD and thoracic aortic plaques using trans-
esophageal echocardiography (TEE). Metheds: This study population consisted of 297 patients who
underwent TEE. Aortic plaques were evaluated in the proximal thoracic aorta (PTA)(from the ascending
aorta to the aortic arch) and the distal thoracic aorta (DTA) (the descending aorta) using TEE. Aortic
plaques were defined as complex plaques of >4 mm thickness and with ulceration or mobile compo-
nents. CKD was defined as the estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m? The
association between CKD and aortic plaques was evaluated using multivariate analysis after adjusting for
traditional atherosclerotic risk factors. Results: Patients with CKD (n = 144) had a higher incidence of any
plaques and complex plaques compared with those without CKD (n = 153) (85% vs. 47% and 42% vs. 17%,
respectively, both P < 0.001). Univariate analysis indicated that the presence of CKD was significantly
associated with complex plaques both in the DTA and the PTA (both, P < 0.001); however, multivariate
analysis indicated that the presence of CKD was associated with only complex plaques in the DTA
(P < 0.05), but not with those in the PTA. Conclusion: The presence of CKD was associated with complex
aortic plagues, with this association being stronger for complex plaques in the DTA than those in the PTA.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Aortic atherosclerosis is a known marker of vascular disease and
is associated with ischemic stroke, peripheral embolization, and
coronary event [1-6]. The advent of multi-plane transesophageal
echocardiography (TEE) has facilitated the diagnosis of aortic
atherosclerosis, and it has become the standard technique for
evaluating the degree of atherosclerosis severity [ 7.8]. The presence
of aortic plaques, in particular complex plaques, which are detected
using TEE, is associated with cardiovascular events and deaths
[9—11]. Previous studies demonstrated that, in the general popu-
lation, the number of any or complex aortic plaque increases
distally from the ascending aorta [12-15]. The clinical implication
of aortic plaques could be different dependingon their location in
the aorta. For example, compared to those in the descending aorta,
complex plaques in the ascending aorta and aortic arch may be
more closely associated to ischemic stroke (except in case with
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E-mail address: matsumura@med.osaka-cu.acjp (Y. Matsumura).
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coincident severe aortic insufficiency). Additionally, studies in pa-
tients with coronary artery disease (CAD) found that the incidence
of plaque was the lowest in the ascending aorta and increased in
the aortic arch and the descending aorta [16,17]. Recently, chronic
kidney disease (CKD), which has emerged as a major cardiovascular
risk factor [ 18—21}, has been associated with the presence of aortic
atherosclerosis [22,23]. However, no prior study has evaluated the
association between the degree of CKD and the severity of aortic
atherosclerosis in every location in the thoracic aorta using TEE. The
purpose of this study was to determine the association between the
presence of CKD and the presence and location of atherosclerotic
plaques in the thoracic aorta evaluated using TEE.

2. Methods
2.1. Study population

The study population consisted of 337 consecutive patients who
were referred for clinically indicated TEE. We excluded 40 patients
who met the following criteria: (1) 16 patients who had undergone
previous cardiac or aortic surgery, (2) 15 who had endocarditis or
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aortic artery disease such as thoracic aortic aneurysm or aortic
dissection, (3) 5 who had unstable renal function or acute renal
failure from any cause, and (4) 4 for whom TEE images were
inadequate for evaluating aortic plaques and in whom the aortic
arch could not be visualized fully by TEE. Finally, we included 297
patients (176 memn, mean age: 66 =+ 12 years) in this study. The
hospital ethics committee approved the study protocol, and all
patients gave their written informed consent prior to undergoing
the TEE procedure.

The clinical data and history of atherosclerotic risk factors were
obtained for each patient. Laboratory data were recorded from a
time frame closest to that of the TEE. Hypertension was defined by a
systolic blood pressure of >140 mmHg andfor a diastolic blood
pressure of >90 mmHg or the use of antihypertensive medications.
Diabetes mellitus was determined according to the presence of an
existing diagnosis, a fasting blood glucose level of >6.99 mmol/L,
IFCC-glycated hemoglobin Alc >47.5 mmol/mol, or the use of
antidiabetic medications or insulin. Hypercholesterolemia was
determined on the basis of a serum cholesterol level of
>5.69 mmol/L or the use of cholesterol-lowering medications. Pa-
tients were classified as nonsmokers if they had never smoked or if
they had stopped smoking for >1 year before the study, and all
other patients were classified as smokers. CAD was defined as a
history of previous myocardial infarction andjor percutaneous
coronary intervention. Previous cerebral infarction and peripheral
vascular disease were determined according to the data available
from their medical records.

2.2. Transesophageal echocardiographic study

All patients underwent TEE using a multiplane transducer with
a commercial ultrasound imaging system. The ascending and
descending aorta and the aortic arch in the thoracic aorta were
visualized in all patients. The aortic arch was defined as the portion
of the aorta between the curve at the end of the ascending aorta
and the origin of the left subclavian artery. The ascending aorta and
aortic arch were classified as proximal thoracic aorta (PTA), and the
descending aorta as distal thoracic aorta (DTA). Atherosclerotic
plaques were defined as discrete protrusions of the intimal surface
of the vessel of thickness of at least 2 mm, and these protrusions
have a different appearance and echogenicity from the adjacent
intact intimal surface [24—26]. The presence and location of any
plaque were recorded. An ulceration was defined as a discrete
indentation of the luminal surface of the plaque with a base width
and maximum depth of >2 mm each [25,2G]. Plaques were defined

as complex if they were protruding and atheromatous with >4 mm
thickness, mobile components, and plaque ulceration (Fig. 1)
[12,2G]. Plaques of <4 mm thickness and lacked morphologic fea-
tures of complex atherosclerosis were considered as noncomplex
plaques (Fig. 1). In the case of multiple plaques, the most advanced
lesion was considered. The interpretation of echocardiographic
studies was performed by an experienced echocardiographer who
was blinded to the patient information.

2.3. Evaluation of renal function

The estimated glomerular filtration rate (eGFR) was calculated
as 0.741 x 175 x age™%?93 « (serum creatinine)™ %% x (0.742 if
female) mL{min/1.73 m? [27]. CKD was defined as eGFR <60 mL/
min/1.73 m% The degree of renal dysfunction was graded as fol-
lows: CKD stage 1, minimal damage to kidneys with normal renal
function, eGFR >90 mL/min/1.73 m? CKD stage 2, mild renal
dysfunction, 60 < eGFR <90 mL/min/1.73 m?; CKD stage 3, mod-
erate renal dysfunction, 30 < eGFR <60 mL/min/1.73 m?; CKD stage
4, severe renal dysfunction, 15 < eGFR <30 mL/min/1.73 m?; CKD
stage 5, end-stage renal dysfunction, eGFR <15 mL/min/1.73 m? or
dialysis [28].

24, Statistical analysis

Clinical characteristics were expressed as mean = standard de-
viation or number (percentage). Student unpaired t test or Man-
n—Whitney U test was used for comparison of mean values
between 2 groups, as appropriate. All categorical values were
compared using either the chi-square or Fisher exact test. The
incidence of aortic plaque in all segments of the thoracic aorta was
compared with the severity of renal dysfunction using the chi-
square test and residual analysis. The associations between eGFR
and the maximum thickness of plaque in each PTA and DTA were
evaluated by the linear regression analysis. Univariate logistic
regression analysis was used to assess the association of clinical
factors and the presence of any or complex aortic plaques. Multi-
variate stepwise regression analysis was then used to assess the
association between the presence of aortic plaques and the
atherosclerotic factors, such as age, gender (men), body mass index,
hypertension, diabetes mellitus, hypercholesterolemia, smoking,
CAD, previous cerebral infarction, and CKD. Significant variables for
univariate analysis were entered into the models. Age and body
mass index were entered as a continuous variable in regression
analysis. The values of P < 0.05 were considered statistically

Noncomplex plaquein PTA

Complex plaque in PTA

Fig. 1. Example images of noncomplex and complex aortic plaques detected using transesophageal echocardiography. PTA indicates proximal thoracic aorta,
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significant. Statistical analysis was performed with SPSS 11.0 for
Windows (SPSS Inc., Chicago, IL).

3. Results

The clinical indications for TEE were: the detection of a cardiac
source of embolism or screening procedure before intervention in
the electrophysiologic laboratory in 81 patients, evaluation of
valvular heart disease in 185 patients (102 had aortic valve disease
and 83 had mitral valve disease), congenital heart disease in 19
patients, intracardiac mass in 5 patients, and other reasons in 7
patients. Thirty-seven patients of 297 had CKD stage 1,116 had CKD
stage 2, 107 had CKD stage 3, 13 had CKD stage 4, and 24 had CKD
stage 5. A total of 144 patients with CKD stages 3—5 were classified
into the CKD group. The patients’ clinical characteristics are listed in
Table 1.

Patients with CKD were older, had a significantly higher prev-
alence of hypertension, diabetes mellitus, coronary artery disease,
previous cerebral infarction, and peripheral vascular disease (all,
P < 0.05) (Table 1). Patients with CKD had a significantly higher
incidence of any aortic (85% vs. 47%, P < 0.001), noncomplex (44%
vs. 30%, P < 0.05), and complex plaques (42% vs. 17%, P < 0.001)
compared to those without CKD. Any plaque and noncomplex and
complex plaques were observed with significantly greater fre-
quency in both the PTA and the DTA in patients with CKD (Fig. 2).
The incidence of any, noncomplex, and complex plaques in all the
segments of the thoracic aorta in each groups categorized accord-
ing to the severity of renal dysfunction is shown in Fig. 3. There was
a significant association between the incidence of any and complex
plaques and the severity of renal dysfunction (Fig. 3). Furthermore,
there was significant association between the maximum plaque
thickness and eGFR in both of the PTA (r = —0.36, P < 0.001) and
DTA (r = —0.48, P < 0.001).

Univariate analysis indicated that complex plaques were asso-
ciated with age, hypertension, diabetes mellitus, smoking, history
of CAD, and CKD in all segments of thoracic aorta (Table 2).
Multivariate analysis indicated that age, smoking, history of CAD,
and CKD were independently associated with complex plaques in
all segments (Table 2). In the analysis of each segment, univariate
analysis indicated that complex plaques were associated with age,
male gender, hypertension, diabetes mellitus, history of CAD, and
CKD in the DTA (Table 3), and with age, hypertension, smoking,
CAD, and CKD were in the PTA (Table 3). Multivariate analysis
indicated that CKD was independently associated with complex
plaques in the DTA (P = 0.01), but not with those in the PTA
(Table 3).

For the evaluation of age and gender matched group data, we
have selected 77 patients with CKD and 77 without CKD from our
large cohort of patients (both groups, 39 men, mean age: 68 + 9

Table 1
Clinical characteristics.

Variable No CKD{(n=153) CKD{n=144) P

Age (years) 61 %14 71x8 <0.001
Male gender 93 (61%) 83 (58%) 0.58
Body mass index 22+ 4 223 0.82
Hypertension 77 (50%) 99 (69%) 0.002
Diabetes mellitus 30 (20%) 51(35%) 0.002
Hypercholesterolemia 48 (31%) 58 (40%) 0.13
Smoking 38 (25%) 42 (29%) 0.44
Coronary artery disease 13 (9%) 40 (28%) <0.001
Previous cerebral infarction 11 (7%) 23 (16%) 0.02
Peripheral vascular disease 0 (0%) 11 (8%) 0.001
eGFR (ml/min/1.73 m?) 80 x 15 39+18 <0.001

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate.

years). In comparison between these matched groups, patients
with CKD had a significantly higher prevalence of coronary artery
disease (29% vs. 12%, P < 0.01) and peripheral vascular disease (8%
vs. 0%, P < 0.05). Patients with CKD had a significantly higher
incidence of any aortic (86% vs. 61%, P < 0.001), and complex pla-
ques (42% vs. 23%, P < 0.05) in all segments of thoracic aorta, but not
noncomplex plaques (44% vs. 38%, P == 0.4). Any and complex pla-
ques were observed with significantly greater frequency in both the
PTA (any plaques: 58% vs. 39%, P < 0.05; complex plaques: 29% vs.
14%, P < 0.05) and the DTA (any plaques: 78% vs. 49%, P < 0.001;
complex plaques: 40% vs. 17%, P < 0.005) in patients with CKD.

4. Discussion

This present study shows that patients with CKD had a signifi-
cantly higher incidence of any and complex aortic plaques
compared to those without CKD. There was a strong association
between the severity of atherosclerosis in the thoracic aorta and
the degree of renal dysfunction. Furthermore, multivariate analysis
indicated that age and history of CAD were independently associ-
ated with the presence of complex plaques in both the DTA and the
PTA. However, the presence of CKD was independently associated
with the presence of complex plaques in the DTA, but not that in
the PTA. To the best of our knowledge, this is the first study to show
an association between the aortic complex plaques evaluated using
TEE and the severity of CKD in each location of the thoracic aorta.

Our study demonstrated that the severity of aortic atheroscle-
rosis is strongly associated with the severity of renal dysfunction.
These findings are consistent with those obtained in the studies by
Haruki et al. [22] and Desai et al. [23] In both the reports, the
severity of atherosclerosis in the thoracic aorta (predominantly the
descending aorta) was closely associated with the degree of renal
dysfunction. However, neither study showed the incidence of
complex plaques in each location of thoracic aorta. Haruki et al.
evaluated the severity of aortic atherosclerosis only in the
descending aorta, and not in the ascending aorta or aortic arch.
Although Desai et al. described that aortic atherosclerosis, in
particular in the DTA, was associated with the severity of renal
dysfunction, they did not study the difference in the association of
renal dysfunction between aortic atherosclerosis in the DTA and
that in the PTA. In this study, we demonstrated the association
between aortic atherosclerosis and renal dysfunction in each
location of the thoracic aorta. Complex plaques are association with
the presence of CKD and are independent of any other athero-
sclerotic risk factors in the DTA, while not in the PTA.

We found that incidence of any and complex plaques was lower
in the PTA and higher in the DTA in patients with CKD. Further-
more, complex plaques only in the DTA were independently asso-
ciated with the presence of CKD. Several mechanisms can be
speculated based on our findings. The first mechanism may be the
embolization of thrombus or atherosclerosis from the aortic com-
plex plaques to the renal vasculature. Previous studies have re-
ported that aortic atherosclerotic lesions are recognized as an
essential cause of systemic embolization, including ischemic stroke
or peripheral embolization {29—32]. Although the cause of renal
dysfunction is known to be multifactorial, the embolization from
the aortic complex plaques in the DTA could be one of the causes of
renal impairment. Aortic atherosclerosis in the PTA may also cause
the showering of atheroemboli in the renal vasculature [32].
However, because complex plaques- which cause peripheral
embolization in the DTA are more frequent and anatomically closer
to the renal artery than those in the PTA, it is possible that aortic
atherosclerosis in the DTA is closely related to renal dysfunction
rather than that in the PTA.
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Fig. 2. Prevalence of aortic plagues in the PTA and the DTA in patients with and withaut CKD, “Noncomplex plaques” means only noncomplex plaques without comglex plaque.
“Complex plaques” means at least ene or more complex plaque. Any plaque and noncomplex and complex plaques were seen with significantly greater frequency in both of the PTA
and the DTA in patients with CKD. DTA indicates distal thoracic aorta; PTA, proximal thoracic aorta; and CKD, chronic kidney disease.

The other mechanism may be the association between CKD and
systemic atherosclerosis. After considering atherosclerosis as a
systemic disease, the calculation of the degree of severity of aortic
plagues should reflect the total burden of atherosclerotic disease.
Previous investigators demonstrated that in the general population,
the number of any or complex aortic plaques increased distally
from the ascending aorta [12—14]. Kronzon et al. [12] reported that
complex aortic plaques were observed in the ascending aorta in
only 0.2% patients and in the aortic arch in only 2.2%, and most of
the complex plaques were found in the descending aorta, that is, in
6.0% of a relatively elderly and homogeneous (white) population.

[ Anyplaques
Noncomplex plaques
B complexplagues

(%)
*
100 ¥ 1
*
80 A
*
£
60
40
20 4
CKD CKD CKD CKD CKD
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
N=37 N=116 N=107 N=13 N=24

Fig. 3, Incidence of aortic plaques in each groups categorized according to the severity
of renal dysfunction. See previous figure for an explanation of noncomplex and
complex plagues, There were significant differences of the incidence of any and
complex plaques between the each groups categorized by CKD stages (both, P< 0.001),
but those of noncomplex plagues were not (P = 0,063), *P < 0.01 versus CKD stage 1
group. *P < 0.05 versus CKD stage 1 group.

Although the differences in aortic arch geometry, hemodynamics,
and wall shear stress may influence the incidence of complex aortic
plaques, the true cause is not clear. However, the atherosclerotic
process may begin earlier in the descending aorta than in the aortic
arch or in the ascending aorta. Furthermore, the incidence of the
complex plaques was lower in the PTA and higher in the DTA even
in CAD patients with severe systemic atherosclerosis [17]. There-
fore, complex aortic plaques in the DTA may reflect accelerated
systemic atherosclerosis compared with those in the PTA. Although
the complex plaques in the PTA were more important for risk
stratification of stroke, those in the DTA were closely related
marker for systemic atheroscleratic change. On the other hand, CKD
has emerged as a major cardiovascular risk factor. Multiple possible
explanations exist for the association between CKD and increased
cardiovascular events. We observed an increased prevalence of
prior cardiovascular disease, known risk factors for cardiovascular
events, and coexisting conditions with CKD. However, CKD was
independent and a strong risk factor for adverse outcomes. The
association between CKD and increasing cardiovascular risk may be
explained by multiple factors, including anemia, oxidative stress,
abnormal calclum-phosphate homeostasis, enhanced coagulability,
and inflammatory factors [33,34], all of which are associated with
accelerated systemic atherosclerosis and endothelial dysfunction.
Indeed, we found that incidence of complex plaque was lower in
the PTA and higher in the DTA in patients with CKD, and that the
association of CKD with severe atherosclerotic changes in the DTA
was stronger than with the changes in the PTA.

4.1, Study limitations

Some limitations of this study should be addressed. Although
this study population consisted of a consecutive series of patients
who were referred for clinically indicated TEE, a potential selection
bias may confound our results. The existence of a sonographic blind
spot in the aorta (upper ascending aorta) is an additional limitation
in this analysis which seeks to define plaque prevalence. The data of
albuminuria or risk factors for CKD may help to evaluate the early
phase of renal dysfunction (CKD stage 0). However, their data were
not available because this study was a retrospective analysis, Long-
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Table 2

Univariate and multivariate regression analysis for presence of complex plaques in all segments of thoracic aorta.

Variable Univariate Multivariate
OR (95% CI) Pvalue OR (95% C1) Pvalue
Age (per year) 1.110(1.074-1.147) <0.001 1.076 (1.036-1.116) <0.001
Male gender 1.609 (0.960~2.697) 0.07
Body mass index 1.027 (0.960-1.099) 04
Hypertension 3.063 (1.733~5.412) <0.001 1.695 (0.871-3.299) 0.1
Diabetes mellitus 1.784 (1.039--3.063) 0.036 0.903 (0.469—-1.739) 0.9
Hypercholesterolemia 1.281 (0.767~2.139) 03
Smoking 1.972 (1.133~3.433) 0.016 2.009 (1.057-3.820) 0.03
Coronary artery disease 4.778 (2.561~8.914) <0.001 2.590 (1.273-5.269) 0.009
Previous cerebral infarction 2.437 (0.620-9.581) 0.2
Peripheral vascular disease 1.938 (0.576-6.521) 03
Chronic kidney disease 3.733 (2.197-6.341) <0.001 2.130 (1.118-4.059) 0.02
Cl, confidence interval; OR, odds ratio.
See previous tables for an explanation of other abbreviations.
Table 3
Univariate and multivariate regression analysis for presence of complex plaques in the distal and proximal thoracic aorta,
Variable Distal thoracic aorta Proximal thoracic aorta
Univariate Multivariate Univariate Multivariate
OR (95% CI) Pvalue  OR(95% CI) Pvalue OR(95%CH) Pvalue  OR(95% ClI) P value
Age (per year) 1.088 (1.052—-1.124) <0.001 1.080(1.037-1.124) <0.001 1.118(1.076—1.163) <0.001 1.081(1.035-1.129) <0.001
Male gender 1.786 (1.004—3.175) 0048 2383 (1.209-4.696) 001  1.173 (0.658—2.093) 0.6
Body mass index 1.039 (0.966—1.118) 03 1.007 (0.932-1.088) 09
Hypertension 2.873 (1.528-5.399) 0.001  1.598 (0.782-3.269) 0.2 2.553 (1.330-4.901) 0.005 1.318(0.621-2.798) 0.5
Diabetes mellitus 2.049 (1.153-3.639) 0014  1.225(0.639-2.347) 0.5 1.429 (0.774-2.639) 0.3
Hypercholesterolemia 1.301 (0.746—2.269) 0.4 1.323 (0.741-2.362) 0.3
Smoking 1.562 (0.859—2.843) 0.1 2.022 (1.081-3.785) 0.03 1.910 (0.950-3.837) 0.07
Coronary artery disease 4.994(2.652-9.403) <0.001  2.636 (1.307-5.317) 0.007  4.155 (2.182~7.912) <0.001 2506 (1.197-5.248) 0.02

2.455 (0.618-9.759) 0.2
1.250 (0.322—4.846) 07
4522 (2.461-8.307) <0.001

Previous cerebral infarction
Peripheral vascular disease
Chronic kidney disease

2.370(1.207~4.655)

3.508 (0.885~13.905) 0.07
2.296 (0.650-8.112) 0.2

0.01 3.193 (1.739-5.863) <0.001  1.792(0.857-3.749) 0.1

See previous tables for an explanation of other abbreviations.

term follow-up studies were needed to evaluate the predictive
value of complex plaques or renal dysfunction and determine the
effect of medical treatment on plaque morphology or renal
function.

5. Conclusion

Patients with CKD had a significantly higher incidence of any
aortic and complex plaques compared with those without CKD.
CKD was strongly associated with complex plaques in the DTA
compared to that in the PTA. The association of complex aortic
plaques with CKD may be different between the DTA and the PTA.
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Abstract Several intravascular ultrasound studies have
reported that culprit lesion-attenuated plaque (AP) is
related to slow flow/no reflow after percutaneous coronary
intervention (PCI). Long-term prognostic impact of the
AP is unknown. The aim of this study was to investigate
acute and long-term clinical impact of the AP in patients
with acute coronary syndrome (ACS). A total of 110 ACS
patients who underwent successful PCI were enrolled.
Acute and long-term clinical outcomes were compared
between patients with AP (AP group: n = 73) and those
without AP (non-AP group: n = 37). Long-term cardiac
event was defined as a composite of death and ACS. Base-
line characteristics in 2 groups were similar. AP was asso-
ciated with higher TIMI frame count immediately after the
first balloon inflation. After thrombectomy and intracoro-
nary drug administration, final TIMI frame count became
similar between AP and non-AP group. Although AP was
associated with higher incidence of fatal arrhythmia during
hospitalization, in-hospital mortality did not differ between
the 2 groups. During follow-up (median 6.2 years), cardiac
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event-free survival did not differ between the 2 groups.
Despite the initial unfavorable effect on coronary reflow,
presence of AP did not affect acute as well as long-term
clinical outcome in patients with ACS.

Keywords IVUS - Acute coronary syndrome -
Atherosclerosis - Stent

Introduction

Coronary arterial plaque with ultrasonic attenuation
(“attenuated plaque”) detected by intravascular ultrasound
(IVUS) has been recognized as a high-risk plaque for slow
flow/no reflow during percutaneous coronary intervention
(PCI) [1-5]. IVUS-derived tissue characterization as well
as pathological examinations have shown that attenuated
plaque contains necrotic core and lipid components rather
than fibrous tissue [3, 6, 7].

Although lesions with attenuated plaque have high risk
for transient coronary flow deterioration and in-hospital
complications following PCI in patients with acute coro-
nary syndrome (ACS) [1], long-term prognostic impact of
the attenuated plaque has not been fully investigated [8].

The aim of the current study was to investigate long-
term prognostic impact of the attenuated plaque in patients
with ACS.

Patients and methods
Study patients

Between January 2001 and December 2002, 110 acute
coronary syndrome (ACS) patients (89 acute myocardial
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infarction and 21 unstable angina pectoris) with intravascu-
lar ultrasound (IVUS) imaging were originally enrolled [1].
The diagnosis of ACS includes unstable angina pectoris,
ST elevation myocardial infarction and non-ST elevation
myocardial infarction. There were §2 male and 28 female,
mean age of 63 + 9 years. Long-term clinical outcome
of the originally investigated patients was retrospectively
reviewed and investigated. Written informed consent was
obtained from all patients at the time of the initial enroll-
ment. Study protocol was approved by the internal review
board.

Angiographic and IVUS procedure

Angiographic and IVUS procedures were reported previ-
ously [1]. In brief, coronary angiography was performed by
the femoral or radial approach. After diagnostic angiogra-
phy, IVUS pullback imaging was performed and repeated
after PCI using an automated pullback device (0.5 mm/s).
After PCI, patients were maintained on a regimen of aspi-
rin (81-100 mg daily) plus ticlopidine (200 mg daily) for
4 weeks or longer.

Angiographic analyses

Angiographic coronary flow was assessed at (1) baseline,
(2) immediately after the first balloon inflation, and (3)

Fig. 1 Attenuated plaque and
non-attenuated plaque. Example
IVUS images of attenuated
plaque (/eft) and non-attenuated
plaque (right) with quantita-
tive measurements. EEM CSA
external elastic membrane
cross-sectional area, Lumen
CSA lumen cross-sectional area,
P -+ M CSA plaque plus media
cross-sectional area
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after all PCI procedures, using TIMI flow grade and TIMI
frame count. Quantitative coronary angiography was per-
formed using a commercially available system, CMS-QCA
(MEDIS, Leiden, Netherlands).

IVUS analyses

The IVUS images were recorded on SVHS videotape.
Quantitative IVUS measurements were performed at the
culprit lesion segment as well as at proximal and distal
reference segments, which were defined as most normal
looking sites within 10 mm from the culprit lesion. Exter-
nal elastic membrane cross-sectional area (EEM CSA)
and lumen cross-sectional area (Lumen CSA) were meas-
ured using commercially available planimetry software
(NetralVUS, SC Image Inc., Los. Alto, CA). Plaque plus
media cross-sectional area (P + M CSA) was calculated as
the difference between EEM and lumen CSA. Plaque bur-
den was calculated as P + M CSA/EEM CSA x 100 at the
culprit segment. Plaque type was categorized into two types
according to the presence (AP group) or absence (non-AP
group) of ultrasonic attenuation (Fig. 1).

In-hospital clinical outcome

Patients were monitored during hospitalization (<30 days)
for the occurrence of complications, such as recurrent
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Table 1 Medications at

discharge Attenuated plaque (n = 73)  Non-attenuated plaque (n =37) P value
Aspirin [n (%)] 73 (100) 37 (100) -
Ticlopidine [n (%)] 61 (84) 30 (81) 0.75
ACEI or ARB [ (%)] 48 (66) 13 (35) <0.01
Beta-blockers [n (%)] 152D 5(14) 0.37
ACEI angiotensin-converting Ca channel blockers {1 (%)] 9(12) 4(11) 0.82
enzyme inhibitors, Nitrates [r (%)] 34 (47) 12 (32) 0.16
ARB angiotensin receptor Statin [ (%)] 19 (26) 8(22) 0.61

blockers

myocardial infarction, congestive heart failure, fatal
arrhythmia (ventricular tachycardia, ventricular fibrillation,
or complete atrioventricular block), cardiac rupture, stroke
or cardiac death. Serum creatine phosphokinase (CPK)
level was measured serially every 3 h after PCI until the
peak value was achieved.

Clinical follow-up

Clinical events were confirmed by a chart review and/or
telephone contact. Primary endpoint was major adverse
cardiac events (MACE) defined as a composite of all-cause
death and ACS. ACS was defined as ST elevation myocar-
dial infarction, non-ST elevation myocardial infarction or
unstable angina pectoris.

Statistical analysis

Quantitative data are presented as mean = SD. Differences
between groups were analyzed by Student’s unpaired 7 test.
Categorical variables were compared by Chi-square anal-
ysis. Statistical significance was defined as P < 0.05. All
statistical analyses were performed with Statview version 5
(SAS Institutes).

Results
Clinical characteristics

Attenuated plaque was documented in 73 lesions from 73
patients. Baseline clinical characteristics, angiographic
and IVUS results comparing AP group (n = 73) and non-
AP group (n = 37) were previously reported [1]. In brief,
clinical characteristics were similar between the 2 groups,
except for a higher prevalence of hyperlipidemia in the AP
group (P = 0.05). By IVUS, EEM CSA and P + M CSA
were significantly greater in the AP group than in the non-
AP group (EEM CSA: 18.8 £ 54 vs. 14.2 & 4.8 mm?,
P <001, P + M CSA: 16.6 & 5.2 vs. 11.6 & 4.5 mm?,
P < 0.01). On the other hand, lumen CSA before stent-
ing (2.2 £ 0.4 vs. 2.2 + 0.6 mm?, P = 0.86) was similar

between the 2 groups. By angiography, TIMI frame count
was similar between the AP and non-AP groups at base-
line (53.7 vs. 60.5, P = NS). Although TIMI frame count
immediately after the first balloon dilatation was signifi-
cantly higher in the AP group than in the non-AP group
(45.7 vs. 35.3, P = 0.03), final TIMI frame count (32.1
vs. 33, P = NS) was similar between the 2 groups. TIMI 3
flow was achieved in 93 % of the AP group and in 100 % of
the non-AP group (P = 0.10) [1].

Baseline medications at discharge are summarized in
Table 1. Aspirin was used in all patients and dual anti-
platelets were continued in >80 %. Angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers were
more frequently used in patients with AP (66 vs. 35 %,
P < 0.01). Otherwise, no significant differences in medica-
tions were documented.

In-hospital and long-term clinical follow-up

In-hospital events were also reported previously. Death (3
vs. 3 %, P = 0.99) and congestive heart failure (8 vs. 3 %,
P = 0.51) were similarly observed in the 2 groups. Fatal
arrthythmia was more frequently documented in the AP
group than in the non-AP group (16 vs. 3 %, P = 0.04) [1].

Long-term clinical events are summarized in the Table 2.
During follow-up (median 6.2 years), incidence of all-
cause death, cardiac death, non-cardiac death, congestive
heart failure, and acute coronary syndrome were similar
between the 2 groups.

By Kaplan—Meier analysis, event-free survival rate was
also similar between the 2 groups (Fig. 2).

Discussion

Despite its negative impact on coronary reflow, attenuated
plaque was not associated with poor long-term clinical out-
come. Our present results were, in part, concordant with
a previous study [8]. Xu et al. [8] reported natural course
and prognosis. of the attenuated plaque in patients with
acute myocardial infarction from the HORIZONS-AMI.
At 3-year follow-up, attenuated plaque was not associated
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Table 2 Long-term clinical

events Attenuated plaque (n =73) Non-attenuated plaque (n = 37) P value
Follow-up period (ycars) 7.0 4301 6.5 3.6 0.36
All-cause death [n (%)] 81D 2(5 0.34
Cardiac death [n (%)] 6(8) 1(3)
Non-cardiac death [n (%)] 2(3) 1(3)
ACS [n (%)) 9(12) 6 (16) 0.57
STEMI [n (%)] 6(8) 41D
Non-STEMI [n (%)] 0(0) 0
Unstable angina [n (%)) 3(4) 2(5)
All-cause death &= ACS [n (%)] 15 (21) 7(19) 0.84
Congestive heart failure [n (%)] 5 (7) 1(3) 0.37
14 et al. [17] reported that more atheromatous plaque, platelet
= ] Tue Non-attenuated plaque and fibrin complex, macrophages, and cholesterol crystals
> .84 0 TTTmmmmmmmmmmmmpmT could be retrieved after PCI from patients with no-reflow
2 Attenuated plaque as compared with those without no-reflow. Because these
(?) .6 1 adjunctive treatments for slow flow/no reflow were per-
2 formed based on the each operator’s discretion, it is unclear
& 4 as to which of them were truly effective to improve coro-
E nary microcirculation and prognosis. Although additional
u>.l 27 thrombectomy was performed in all patients with TIMI-
. 0-2 flow during or after PCI, detailed information about
0 4 Log-rank, P=0.82 . o
the name and the dose of drugs used for adjunctive intra-

T T T T T T T T T T

o 1 2 3 4 5 6 7 8 9
(years)

Fig. 2 Event-free survival curves. The Kaplan~Meier curves showed
that cardiac event-free survival was similar between patients with
attenuated plaque and non-attenuated plaque (Log-rank, P = 0.82)

with increased risk of major adverse clinical outcome.
Although attenuated plaque was reported correlated with
no-reflow during PCI in the previous report from the same
study population [5], incidence of final TMI-3 flow was
reported similar between patients with and without attenu-
ated plaque [8]. Therefore, it is possible that adjunctive
therapies might have neutralized negative impact of the
attenuated plaque on clinical outcome. In our present study,
TIMI frame count immediately after initial balloon dila-
tation was significantly higher in patients with attenuated
plaque. However, final TIMI frame count and incidence of
final TIMI-3 flow grade were similar between the 2 groups.
Possible explanation for the similar final coronary flow sta-
tus may be the use of adjunctive intracoronary pharmaco-
logical treatment and/or additional thrombectomy. Intrac-
oronary administration of nicorandil [9-12], verapamil [11,
12} or nitroprusside [13, 14] has been shown to preserve
coronary flow during PCI. In addition, several studies have
shown that thrombectomy is effective in patient with AMI
[15, 16]. On the other hand, thrombus aspiration may be
effective to retrieve plaque gruel after PCI [17]. Kotani
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coronary pharmacological treatment is not available. Ran-
domized trials to test the efficacy of intracoronary drug
administration or thrombectomy after PCI are needed to
answer this question. In addition to the adjunctive intra-
coronary procedures, statin pre-treatment may also be
related to no-reflow in patient with myocardial infarction
and better functional recovery [18]. Furthermore, chronic
optimal medical therapy, such as antiplatelets, statin, beta-
blockers and angiotensin-converting enzyme inhibitors, is
known to be related to better long-term clinical outcome.
In this study, angiotensin-converting enzyme inhibitors or
angiotensin receptor blockers were more frequently used in
patients with attenuated plaque. This might have affected
the results.

Histological findings of the attenuated plaque have been
reported previously [3, 7]. Yamada et al. [7] investigated
ex vivo coronary arteries and compared histological find-
ings between attenuated plaque and non-attenuated plaque.
Necrotic core and fibrofatty plaque were more frequently
detected in attenuated plaque than in non-attenuated
plaque. Similarly, in vivo histological examination of direc-
tional coronary atherectomy samples showed that attenu-
ated plaque had significantly more atheromatous tissue and
less fibrous tissue [3]. More recently, in vivo studies using
virtual histology IVUS and OCT demonstrated the simi-
lar results [6, 19, 20]. Lee et al. [20] reported that attenu-
ated plaque by IVUS had thinner fibrous cap overlying
lipid-rich plaque by OCT. Therefore, it is speculated that



