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Registration

Intensive Lipid-Lowering Therapy group (Rosuvastatin) n=200
‘ Target of LDL-C level: 80 mg/dL for Primary Prevention

70 mg/dL for Secondary Prevention

Randomization

Eligibility Assessment

Conventional Lipid-Lowering Therapy group (Pravastatin) n=200
g
Target of LDL-C level: Complying with the JASGL2007

Informed Consent

1
Month 0

[l
Month 12 Month 24

Measuring Carotid IMT —’

Fig.1. Flow chart showing the study schedules.

IMT: intima-media thickness, JASGL2007: “Guidelines for Prevention of Atherosclerotic Cardiovascular Dis-
cases (2007)” recommended by the Japan Atherosclerosis Society

Exclusion Criteria

(1) Patients that require lipid-lowering therapy
other than with the study drug or specified lipid-low-
ering drugs (anion-exchange resin, probucol, and ethyl
icosapentate (EPA)).

(2) Patients who have taken statins within 1
month of the start of the clinical trial.

(3) Patients suspected of having serious carotid
artery stenosis (2 809%) or having serious calcification.

(4) Patients with familial hypercholesterolemia or
secondary hypercholesterolemia.

(5) Patients with a fasting serum TG level 2400
mg/dL.

(6) Patients with a history of sensitivity to statins.

(7) Patients with uncontrolled hypertension.

(8) Patients with Type I diabetes or uncontrolled
Type 1T diabetes. '

(9) Patients who have experienced myocardial
infarction or a cerebral stroke within 3 months or
patients with serious hearr failure (New York Heart
Association class I to IV).

(10) Patients with active hepatic disease.

(11) Patients with renal disorder [serum creati-
nine (Cr) level 22.0 mg/dL or creatinine clearance
(Cer) <30 mL/min/1.73 m?].

(12) Patients with creatinine kinase (CK) level
>500 IU/L.

(13) Patients currently being treated with cyclo-
sporine.

(14) Patients that are pregnant or potentially
pregnant, patients breast-feeding, or patients aiming
to become pregnant during the clinical trial. '

(15) Patients with or suspected of having a malig-
nant tumor, or patients with a history of malignant
tumors except those in whom recurrences have not
been confirmed by routine observation after treatment.

(16) Patients with hypothyroidism, hereditary

muscular diseases (muscular dystrophy, etc.) or a famil-
ial history of these discases. Patients with a history of
drug-related muscular disorders.

(17) Patients with a history of drug abuse or
alcoholism.

(18) Patients who are ineligible in the opinion of
the investigator.

In advance of the initiation of the clinical trial,
the protocol was approved by the appropriate institu-
tional review board or an independent ethics commit-
tee at each site.

Medications and Treatment Period

The eligible patients will be randomly assigned
to receive either intensive lipid-lowering treatment
with rosuvastatin or conventional lipid-lowering treat-
ment with pravastatin under the instructions of the
registration center. For equalization berween the arms,
patients will be dynamically assigned based on i) max-
imum IMT, ii) serum LDL-C, iii) anamnestic diabetes
(including abnormal glucose tolerance), and iv) insti-
tution. The patients will be administered rosuvastatin
for 24 months at an initial dose of Smg once daily or
pravastatin at 10 mg once daily. If the initial treatment
fails to reduce the target LDL-C level, the dose can be
increased to 10 mg/day for rosuvastatin or 20 mg/day
for pravastatin (Fig. 1). Furthermore, the investigator-
in-charge is allowed to administer combination ther-
apy with anion-exchange resin, probucol or EPA, if
the increased dose of each test drug fails to reduce the
target LDL-C level.

Sample Size

In the protocol, the assumptions used for power
calculations require a sample size of 173 patients to
provide 90% power (assuming a SD of 1.0%) and an
alpha level of 0.05% for a two-sided test. It is there-
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Table 1. Items and schedule

Schedule Registration Treaunent period
VISIT1  VISIT2 VISIT3 VISIT4 VISITS VISIT6 VISIT7 VISIT S VISIT 9 At
discontinue
Month Month  Month  Month  Month  Month  Month  Month Momth ation
-1~0 0 1 2 4 6 12 18 24
Ttems (Completion)
Patients characteristics )
Blood pressure (Systolic, Diastolic) O O
Carotid IMT measurement O O @) O @]
Blood chemistry
Other parameters except HbAic O O @) @) o O O
HbAic O O O O
Serum lipids O O O O O O O @] O
Adverse events O O O O O O 0] O O

Carotid IMT measurement: max-IMT, maximal carotid IMT, maximal carotid sinus IMT and maximal internal carotid artery IMT will be mea-
sured with a B-mode ultrasound at each study site. Mean-IMT will be determined in the laboratory. Carotid IMT measurements ac VISIT 1 and
VISTI 2 are for considering eligibility at each study site and obraining baseline values for treatment in the laboratory, respectively.

Blood chemistry tests: aspartate aminotransferase, alanine aminotransferase, y-glutamyl transpeptidase, blood urea nitrogen, creacinine, creatine
kinase and HbAuc.

Serum lipids: rotal cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol and triglycerides

IMT: intima-media thickness, HbAlc: glycosylated hemoglobin

fore determined that the enrollment of 200 patients HDL-C ratio was <1.5 at the end of 12 months and
per treatment will provide an adequate number of 24 months.
patients considering possible discontinuations and (7) Percentage of cases in which the LDL-C/
dropouts. HDL-C ratio was <2.0 at the end of 12 months and
24 months.
Observation Items and Schedule (8) Correlation between the LDL-C/HDL-C ratio
The observation items and schedule are shown in and max-IMT.
Table 1. (9) Correlation between the LDL-C/HDL-C ratio
and mean-IMT.
Efficacy Evaluation (10) Time to percent change of serum lipids
Primary Endpoint (LDL-C, HDL-C, and TG), glycosylated hemoglobin
The percent changes from baseline in mean-IMT (HbA:c), systolic blood pressure, and diastolic blood
at the end of 24 months. The mean IMT is the aver- pressure.
age of the maximum IMTs before and after treatment. (11) JASGL2007 achievement ratio according to
the management target level of LDL-C.
Secondary Endpoint (12) Cumulative incidence and content of car-
The following 12 endpoints will be evaluated. diovascular and cerebrovascular events.
(1) Time to percent change in mean-IMT. Cardiac events: myocardial infarction, angina
(2) Time to percent change in max-IMT of the pectoris, congestive heart failure, and coronary artery
.distal wall of the common carotid artery IMT-Cmax- bypass graft
distal wall). Cerebrovascular events: cerebral hemorrhage,
(3) Time to percent change in IMT-Cmax of the cerebral infarction, subarachnoid hemorrhage, and
common carotid artery, IMT-Bmax of the carotid transient ischemic attack

sinus, and IMT-Imax of the internal carotid artery.
(4) Percentage of cases in which mean-IMT Safety Evaluation

decreased at the end of 12 months and 24 months. Details and incidence of adverse events.
(5) Time to percent change in the LDL-C/HDL-C
ratio. Analysis Population
(6) Percentage of cases in which the LDL-C/ Full Analysis Set (FAS): All allocated patients
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except those who did not receive the test drug at all
during the treatment period, patients whose IMTs
were not measured at all during the observation and
treatment periods, or patients for which the results of
the of efficacy evaluation were insufficient for analysis.

Per Protocol Set (PPS): The FAS population
except patients who did not meet the inclusion and
exclusion criteria, patients whose compliance with the
therapy was less than 75%, patients who were admin-
istered a prohibited drug in the study protocol, or
patients who had insufficient IMT data at the start
and completion of the study.

Safety Population (SP): All allocated patients
except those who did not receive the test drug at all
during the treatment period, or patients who had no
observation record after allocation of the study.

Statistical Analysis

Evaluation of Efficacy: In the FAS and PPS, the
mean-IMT value at the start of the study will be used
as a baseline for calculating the percent change in
Month 24, as well as the two-sided 95% confidence
interval. The two-sided level of significance will be set
at p<<0.05.

Safety Evaluation: In the SP, the incidence of
each adverse event will be calculated for each group.
The basal analytical amount and incidence of abnor-
mality for each parameter of laboratory tests will be
calculated for each group.

Compliance with the Ethical Principles in Clinical
Studies and the Declaration of Helsinki

The study is to be conducted in accordance with
the Ethical Principles in Clinical Studies published by
the Ministry of Health, Labor and Welfare of Japan
and the ethical principles originating in the Declara-
tion of Helsinki.

Privacy Protection of Study Patients

The study is to be conducted in compliance with
the following points to protect the privacy of the study
patients. The confidentiality of each patient’s informa-
tion should be strictly maintained.

1. Artention to the treatment of medical records
related to the study (including IMT image informa-
tion, Informed Consent Form, etc.

2. Some patient information should not be
inputed into the support system of the clinical study.

3. Patient anonymity must be maintained when
the results of the study are published.

4. Data obtained from the study should not be
used for any other purpose except the study objectives.

5. In the case where clinical samples are mea-

sured in other laboratories, the samples should be
treated in accordance with the ethical guidelines of the
clinical trial (assumed name, storage and disposal of
the test drugs, limitation of access to data, etc).

Study Organization
Principle Investigator

Ryuji Nohara, Division of Cardiology, Kitano
Hospital, Tazuke Kofukai Medical Research Institute,
Osaka, Japan

Steering Committee

Ryuji Nohara, Division of Cardiology, Kitano
Hospital, Tazuke Kofukai Medical Research Institute,
Osaka, Japan

Ichiro Sakuma, Hokko Memorial Clinic Caress
Sapporo, Sapporo, Japan

Masahiko Kurabayashi, Department of Medicine
and Biological Science, Gunma University Graduate
School of Medicine, Maebashi, Japan

Ryuzo Kawamori, Department of Medicine, Jun-
tendo University School of Medicine, Tokyo, Japan

Hiroyuki Daida, Department of Cardiovascular
Medicine, Juntendo University School of Medicine,
Tokyo, Japan

Tsutomu Yamazaki, Department of Clinical Epi-
demiology & Systems, Graduate School of Medicine,
University of Tokyo, Tokyo, Japan

Masayuki Yoshida, Life Science and Bioethics
Research Center, Graduate School of Medicine, Tokyo
Medical and Dental University, Tokyo, Japan

Mitsumasa Hata, Department of Cardiovascular
Surgery, Nihon University School of Medicine, Tokyo,
Japan

P Izuru Masuda, Department of Internal Medicine,

Higashiyama Takeda Hospital, Kyoto, Japan

Kohei Kaku, Division of Diabetes and Endocri-
nology, Department of Medicine, Kawasaki Medical
School, Kurashiki, Japan

Hiroyoshi Yokoi, Department of Cardiology,
Kokura Memorial Hospital, Kitakyushu, Japan

Data and Safety Evaluation Committee
Tadatoshi Takayama, Department of Digestive
Surgery, Nihon University School of Medicine, Japan
Junji Kishimoto, Department of Digital Organ,
Digital Medicine Initiative, Kyushu University, Fuku-
oka, Japan

Person in Charge of the Core Laboratory for IMT
Evaluations

Ryuzo Kawamori, Department of Medicine, Jun-
tendo University School of Medicine, Tokyo, Japan
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Statistician

Junji Kishimoto, Department of Digital Organ,
Digital Medicine Initiative, Kyushu University, Fuku-
oka, Japan

Discussion

Recent randomized clinical trials have confirmed
that intensive LDL-C lowering therapy reduces the
~ incidence of CAD in both primary and secondary pre-
vention, and a meta-analysis of major statin trials
revealed that the greater the reduction in LDL-C, the
greater the reduction in risk for CAD'> 9. However,
questions remain regarding the specific level of LDL-C
needed to achieve the regression of carotid IMT.

In the METEOR trial, LDL-C was decreased to
78 mg/dL and carotid IMT was decreased by 0.0014
mm/year in the rosuvastatin (40 mg/day) group
whereas the group given a placebo showed a progres-
sion of IMT after 2 years of follow-up'¥. However,
the effect of rosuvastatin on IMT in Japanese patients
has not yet been investigated. The present study was
designed to evaluate this effect.

Carotid IMT is a highly reproducible and reli-
able measure'”. A cardiovascular Health Study showed
that asymptomatic persons without clinical symptoms
or signs of cardiovascular disease 65 years of age or
older had a higher risk of myocardial infarction or
stroke, when their maximum IMT was 1.18 mm or
more in the common and internal carotid artery'®. In
a nested case-control study in subjects selected from
participants in the Rotterdam study, IMT of the com-
mon carotid was significantly increased in subjects
with myocardial infarction compared to controls (1.17
mm vs 1.02 mm, p<0.05)"?. It has also been reported
that increased carotid IMT relates to an increase in the
risk of cardiovascular disease even in asympromatic
individuals including young populations® 2 and
carotid IMT is useful as a surrogate marker for cardio-
vascular events in intervention studies”. Particularly
in studies of statins, carotid IMT has proved a highly
reliable surrogate marker; a decrease in carotid IMT
correlates well with a decrease in the risk of cardiovas-
cular events'?. B-mode ultrasound is widely used in
clinical practice to measure carotid IMT non-inva-
sively. However, this technique is likely to cause inter-
institutional variation in measurements due to differ-
ences in the device used, and non-uniformity of the
protocol involved etc. In the present study, the end-
point, changes of carotid IMT, will be evaluated in the
IMT Core Laboratory in a blinded manner, to ade-
quately maintain objectivity, scientific credibility, and
ethics. This study will be conducted as a multi-center,

prospective, randomized, open-label, evaluator-blinded,
parallel-group, comparative study that incorporates a
safety evaluation committee and statistical experts, to
evaluate the effect of rosuvastatin on carotid IMT.

In a high-resolution magnetic resonance imaging
trial to evaluate the effect of rosuvastatin therapy on
the morphology and composition of carotid plaques
in_moderately hypercholesterolemic patients (the
ORION trial), treatment with rosuvastatin at 5 mg/
day and 40 mg/day for 2 years decreased LDL-C levels
from 153.6 mg/dL t0 95.0 mg/dL and from 145.0 mg/
dL to 57.7 mg/dL, respectively, leading to a 41.4%
decrease from baseline in the lipid-rich necrotic
core, In the METEOR trial, significant suppression
of carotid IMT was observed when the LDL-C level
was decreased to 78 mg/dL by treatment with rosuvas-
tatin at 40 mg/day for 2 years'”. Also in the ASTER-
OID trial, a significant decrease in coronary plaque
volume was observed when the LDL-C level was
decreased to 60.8 mg/dL by intensive treatment with
rosuvastatin at 40 mg/day for 2 years.

Based on the results of these studies, we decided
to compare changes in carotid IMT between an inten-
sive treatment group and a conventional treatment
group: in the former group, lipid management will be
conducted with reference to the target LDL-C level
specified by NCEP ATP M with the objective of
decreasing the incidence of coronary artery disease;
and in the latter group, the target level specified in the
JASGL2007 will be adopted. If carotid IMT regres-
sion is not evident in the conventional group but is
observed in the intensive treatment group, this study
will provide new insight and guidance for the target
level of LDL-C in order to induce regression of ath-
erosclerosis in the Japanese population.
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AV Nodal Reentrant Tachycardia in a Patient
with Persistent Left Superior Vena Cava:
Distinction between AV Nodal Versus Atrial Reentry

Terunobu Fukuda MD, Tetsuya Haruna MD, Hidehiro lto MD, Kenichi Sasaki MD,
Tomomi Abe MD, Eisaku Nakane MD, Shouichi Miyamoto MD, Kyoukun Uehara MD,
Muneo Ooba MD, Kouji Ueyama MD, Moriaki Inoko MD, Ryuji Nohara MD

Department of Cardiology, Kitano Hospital Medical Research Institute

A 75-year-old male presented with palpitation on exertion. He suffered from frequent
tachycardia attacks. His 12-leads electrocardiogram showed irregular cycle lengths (400—
550 ms) of tachycardia with occasional 2:1 atrioventricular conduction (thus AV reentry was
excluded). He had a complex anatomy of persistent left superior vena cava (PLSVC)/
enlarged coronary sinus (CS). The activation map in a 3-dimensional CARTO system
(Biosense-Webster, USA) was merged with the multi-detector computed tomography image
and revealed that the tachycardia spread centrifugally from the junction between the PLSVC
and enlarged CS. However, delivery of radio frequency (RF) energy to the earliest atrial
activation site did not affect the tachycardia. Finally, the tachycardia was diagnosed as a fast/
slow type atrioventricular nodal reentrant tachycardia (AVNRT) because the tachycardia was
cured only after the anterograde/retrograde AV conduction was disturbed by the application
of RF energy to the posteroseptal perimitral area, possibly due to the injury to the AV node.
(J Arrhythmia 2010; 26; 134~139)

Persistent left superior vena cave, Atrial tachycardia, Enlarged coronary sinus, Radiofrequency

Key words: catheter ablation

Intraduction

During normal development, the left superior vena
cava transforms into the Marshall vein/ligament and
rarely remains intact as the persistent left superior
vena cava (PLSVC), and connects to the coronary
sinus (CS)."™ Recently, the Marshall vein/liga-
ments have been reported to be associated with atrial
arrhythmogenesis.>® On the other hand, it has been
reported that the enlarged CS from the PLSVC could

displace the compact atrioventricular (AV) node and
the His-bundle.” Therefore, much attention should
be paid to avoid injury of the compact AV node and
His-bundle during application of radio-frequency
(RF) energy.”

We experienced a type of fast/slow atrioventric-
ular nodal reentrant tachycardia (AVNRT), which
was difficult to differentiate from an atrial reentrant

tachycardia in a patient with the PLSVC and

enlarged CS. The AVNRT was distinguished from
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AV nodal reentry and PLSVC

the atrial reentrant tachycardia as follows; the
tachycardia elimination was made possible only
after the (partial) damage to the anterograde/retro-
grade AV nodal pathways was obtained by the
application of RF energy to the AV junctional area.
A new 3-dimensional electroanatomical mapping
system (CARTO Merge, Boston, USA) was very
helpful in the RF catheter ablation procedure.

Case Report

A 75-year-old man complained of palpitation and
faintness on exertion. He underwent bypass graft
surgery for coarctation of the descending aorta and
right atrium (RA) isthmus catheter ablation for
common atrial flutter at the age of 65 and 68 years,
respectively. He had a 6-year-history of another
tachycardia, and his 12-lead electrocardiogram
(ECG) showed an irregular cycle length of the
supraventricular tachycardia with a 1:1 or infre-
quently a 2:1 AV ratio and right bundle branch
block. Axis in the P-wave morphology was biphasic
(+/-) on I, II, III, aVF, and V1 leads (Figure 1).
Chest X-ray showed an enlarged cardiac silhouette.
Contrast computed tomography of the thorax re-
vealed that the PLSVC was draining into the
enlarged CS and the RA.

Although the supraventricular tachycardia was
partially controlled with propafenone (300 mg/day),
pirmenol (100 mg/day), and carvedilol (5 mg/day),
he still suffered from palpitation and faintness on

exertion. In addition, the QRS duration increased
gradually. Echocardiography showed that the left
ventricle ejection fraction (LVEF) was reduced to
35% as compared to that in the previous study
(61%). The patient wished to discontinue all anti-
arrthythmic agents and undergo RF catheter ablation.
We obtained written informed consent from the
patient. Electrophysiological study and catheter
ablation were performed 3 days after discontinuation
of all anti-arrhythmic agents. First, the anatomy of
the enlarged CS and the RA was visualized by both
RA angiography and contrast infusion into the
PLSVC (Figures 2A and 2B). The junction between
the PLSVC and the enlarged CS, however, could not
be clearly identified. A decapolar 7-Fr electrode
catheter (Nihon Koden, Japan) was advanced into
the CS via the right internal jugular vein for
recording and pacing at both the RA and the CS. A
7-Fr Halo catheter (SIM, Irvin, USA) was introduced
into the RA via the right femoral vein and positioned
around the Tricuspid Annulus (TA). A 4-mm tip of
a Navistar catheter (Biosense-Webster, USA) was
introduced into the RA and the enlarged CS through
the right femoral vein for 3-dimensional nonfluoro-
scopic, electroanatomical mapping (CARTO, Bio-
sense-Webstar). The His bundle electrogram could
not be identified around the usual area probably
because the enlarged CS might have displaced the
compact AV node and the proximal portion of the
His bundle. The tachycardia was easily induced by
either mechanical catheter contact or provocative
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Figure 4 Long chart during RF application at the earliest site of the endocardial left atrium.
The horizontal arrow indicates the duration of RF application. The vertical arrowhead shows the termination of the

tachycardia 15 seconds after start of RF application.

they retain their pacemaker function and ectopic
automaticity. Especially in cases with PLSVC, more
blood from the PLSVC could persistently stretch the
CS wall and hence might cause increased arrhythmo-
genesis in the CS musculature.

Because of the irregularity in its cycle length and
the occurrence of an incessant pattern, we first
considered the tachycardia to be an atrial tachycardia
that originated from the enlarged CS.'” Badhwar
et al. elegantly described the electrophysiological
teatures of the atrial tachycardia in the boundary area
between the CS and the LA and the outcome after
RF ablation.V In most cases, the atrial tachycardia
was successfully terminated by applying RF energy
to the CS under guidance of a CS potential, which
was characteristic of a discrete, sharp deflection and
preceded the onset of the P-wave of the tachycardia.
Application of RF energy to the endocardial site of
the LA was not required.” Likewise in our case, a
very sharp potential was recorded in multi-compo-
nent electrograms at the earliest site of the CS;
however, application of RF energy at this site hardly
affected the tachycardia. Eventually, the tachycardia
was terminated by application of RF energy to the
earliest site of the LA opposite to the earliest site of
the CS. Recordings during the final RF application
(Figure 4) revealed that the tachycardia was termi-
nated (disappearance of the P-wave) after the 5%
beat. This finding implies that application of RF
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energy might either eliminate the tachycardia foci or
block the retrograde pathways within the reentry
circuit. Immediately after termination, neither ven-
tricular premature beat nor the first sinus beat was
conducted through the AV node. The subsequent
sinus beats passed through the AV node with
prolonged AV interval. Although VA conduction
was observed only in the presence of isoproterenol,
tachycardia was no longer inducible. Theses findings
strongly suggest that .the anterograde/retrograde AV
nodal pathways were likely to form the tachycardia
circuit. Since the tachycardia sustained even in the
presence of an AV block before application of RF
energy, the tachycardia was finally diagnosed as a
fast/slow type AVNRT with lower common path-
way.

Okishige et al. reported AVNRT cases in patients
with PLSVC.” the enlarged CS due to the PLSVC
might displace the compact AV node. They ex-
plained that during application of RF energy around
the CS in patients with PLSVC much attention
should be paid to avoid the occurrence of AV node
injury and perforation of the CS.” It has been
suggested that application of RF energy to the left
anteroseptal or midseptal accessory pathways has a
moderate risk to damage the compact AV node.'"
In our case, there was also a possible risk that the
application of relatively high RF energy to the
posteroseptal perimitral area could injure the AV
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node, because the pathways and/or the compact AV
node itself might be displaced; however, application
to the CS did not affect the pathways. Before the
final application of RF energy, it was difficult for us
to differentiate a fast/slow AVNRT from an atrial
tachycardia due to lack of information on the
relationship between the tachycardia origin and the
AV node.'” Recently it has been suggested that
the CS musculature is not only a source of atrial
anrrhythmogenesis, but also may work as pathways
for the interatrial conduction system in sinus rhythm
or arthythmias. Especially in AVNRT cases the CS
musculatures are potentially involved in the reen-
trant circuit.!’'? Therefore, we should have consid-
ered an uncommon type of AVNRT as the mecha-
nism of the tachycardia, and have made a greater
effort to identify the precise position of the AV node
before RF energy application to confirm the mech-
anism of the tachycardia, and to avoid injury of the
AV node.

Finally, in regard to the application of RF energy,
the new 3-dimensional mapping system CARTO
aided us in our case of a complex PLSVC/CS
anatomy.
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Alternative Approach for
Aortic Valve Replacement

in Mediastinal Deviation after Right Lobectomy

A 71-year-old man on hemodialysis and with a history of right lobectomy was referred for
aortic valve replacement. Chest computed tomography revealed counterclockwise rotation
of the heart through its longitudinal axis.

We approached the aortic valve through median sterotomy. Accordingly, we transect-
ed the sternum at the level of the 3rd intercostal space and extended the skin incision ap-
proximately 2 inches perpendicular to the midiine. After partial transection of the sternum,
3 spreaders were placed: the 1st, in the upper sternum; the 2nd, in the lower sternum:;
and the 3rd, between the ribs. These devices yielded excellent exposure of the ascend-
ing aorta. In addition, the relatively central shift of the ascending aorta contributed to the
exposure of the right atrium and the right upper pulmonary vein. Subsequently, aortic valve
replacement was performed in the usual fashion, and the patient experienced no post-
operative respiratory complications. Aortic valve surgery with T-shaped sternotomy and
without thoracotomy is an alternative technique in a patient who has a secondary deviation
after lobectomy. (Tex Heart Inst J 2010;37(4):455-6)

AVR in a patient with secondary displacement has rarely been reported.
Herein, we present an alternative surgical approach for surgery in the case
of a patient with mediastinal deviation.

A Ithough aortic valve replacement (AVR) is a well-known surgical procedure,

Case Report

In March 2009, a 71-year-old man on hemodialysis presented with chest pain and
ST changes during electrocardiography after colectomy. Echocardiographic investi-
gation revealed severe aortic valve stenosis (pressure gradient, 100 mmHg). The pa-
tient had undergone a right upper lobectomy for lung carcinoma 3 years earlier. The
lobectomy had been performed through a right thoracotomy. Chest computed tomog-
raphy revealed counterclockwise rotation of the heart through its longitudinal axis,
with left pleural effusion (Fig. 1). Although right thoracotomy seemed to be a good
approach for the displaced heart, adhesion in the right thoracic cavity was predicted.
The patient’s pulmonary function was poor because of chronic obstructive pulmo-
nary disease. In order to protect the right lung, we decided to perform AVR through
a complete median sternotomy.

After the pericardium was opened, only the main pulmonary artery and right ven-
tricle were revealed. The ascending aorta and right atrial appendage were not visible.
Accordingly, we transected the sternum at the level of the 3rd intercostal space and
extended the skin incision approximately 2 inches perpendicular to the midline. The
right internal thoracic artery was ligated and divided, and care was taken not to in-
cise the pleura. After partial transection of the sternum, 3 spreaders were placed. The
Lst spreader was placed in the upper sternum; the 2nd, in the lower sternum; and the
3rd, between the ribs. The use of these devices enabled excellent exposure of the as-
cending aorta. In addition, the relatively central shift of the ascending aorta contrib-
uted to the exposure of the right atrium and the right upper pulmonary vein.

Cardiopulmonary bypass was established via the ascending aorta with venous drain-
age through a 2-stage cannula in the right atrial appendage. After a cannula was in-
serted from the right atrium into the coronary sinus for retrograde cardioplegia, a vent
tube was placed through the right upper pulmonary vein into the left ventricle in stan-
dard fashion. The ascending aorta was clamped, and retrograde cold-blood cardiople-
gic solution was delivered. A transverse aortotomy was performed at the level of the
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Fig. 1 Computed tomogram shows displacement of the great
arteries into the right chest. Left pleural effusion is present.

sinotubular junction. Subsequently, the severely calci-
fied native aortic valve was excised and replaced with
a 19-mm Carpentier-Edwards bioprosthetic valve (Ed-
wards Lifesciences LLC; Irvine, Calif). The patient’s
postoperative recovery was uneventful, with no respi-
ratory complications. He remains under observation as
an outpatient.

Discussion

Several approaches to aortic valve surgery have been
used, including median sternotomy, right or left tho-
racotomy, and various minimally invasive approaches;
however, the most common is median sternotomy."
The procedures other than median sternotomy have
been used for reoperation for cosmetic reasons, or when
the patient had patent internal thoracic artery grafts or
mediastinal displacement."*’

A thoracotomy approach to valve surgery involves
technical difficulties. Svensson and colleagues® found
a higher incidence of stroke in cases of right thoracoto-
my than in those of median sternotomy. They under-
lined the importance of the cannulation approach in
order to reduce the risk of embolic stroke. Our patient
had undergone dialysis for 20 years. Computed tomog-
raphy showed severe calcification and arteriosclerosis in
the descending aorta and femoral artery. In previous
patients who also had arteriosclerosis, we used axillary
artery cannulation. This was not possible in our patient,
who had a dialysis shunt on his arm. Moreover, the ad-
hesion between the 3rd and 4th intercostal spaces added
to the difficulty of performing a right thoracotomy or
using the right parasternal approach.

Several authors have reported AVR through left tho-
racotomy.”* Barreda and colleagues* described this ap-
proach to valve surgery for the treatment of mediastinal
displacement after pneumonectomy. Their patient had

456 Alternative Approach to AVR in Mediastinal Deviation

experienced a severe shift of the mediastinum into the
left lung; hence, they could perform aortic valve surgery
through a left thoracotomy. In our patient, left thoracot-
omy was undesirable because of the counterclockwise
rotation of the mediastinum through its longitudinal
axis.

In order to avoid embolic stroke and lung injury in our
patient, we planned to expose the aortic valve through a
median sternotomy; however, in order to achieve expo-
sure, the sternum at the 3rd intercostal space had to be
partially transected. Then, the 3 spreaders yielded ex-
cellent exposure of the ascending aorta and valve. In ad-
dition, the relatively central shift of the ascending aorta
contributed to the exposure of the right atrium and the
right upper pulmonary vein. The surgery was straight-
forward, and the patient experienced no postoperative
respiratory dysfunction or other sequelae.

We conclude that aortic valve surgery with T-shaped
sternotomy and without thoracotomy is an alternative
technique in a patient who has a secondary deviation
after lobectomy.
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Voluntary Exercise Ameliorates the Progression of Atherosclerotic
Lesion Formation via Anti-Inflammatory Effects in Apolipoprotein
E-Deficient Mice
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Aim: A sedentary lifestyle with insufficient exercise is associated with cardiovascular disease. Previous
studies have demonstrated that endurance exercise benefits atherosclerosis and cardiovascular disor-
ders; however, the mechanisms by which physical activity, such as voluntary exercise (Ex), produces
these effects are not fully understood.

Methods and Results: Eight-week-old male apolipoprotein (ApoE)-deficient mice were fed a standard
diet (STD) or high fat diet (HFD) for 10 weeks. The HFD + Ex group mice performed Ex on a run-
ning wheel for 10 wecks. No significant differences in lipid profiles were observed between the HFD
and HFD + Ex groups. Although changes in body and brown adipose tissue weights were comparable
between the HFD and HFD +Ex groups, white adipose tissue weight was significantly lower in the
HED + Ex group than in the HFD group. The areas of atherosclerotic lesions in the aortic sinus and
thoracoabdominal aorta were significantly reduced in the HFD + Ex group than in the HFD group
(p<0.001). There was a strong negative correlation between atherosclerotic areas and the mean run-
ning distance per day in the HFD + Ex group (r=-0.90, p=0.01). Endothelial function was signifi-
cantly preserved in the HFD +Ex group (p<0.05). Serum interleukin-6 and macrophage chemoat-
tractant protein-1 levels were significantly lower and those of adiponectin were significantly higher
in the HFD + Ex group than in the HFD group (< 0.05).

Conclusions: These results suggest that Ex ameliorates the progression of endothelial dysfunction
and atherosclerotic lesion formation through anti-inflammatory effects, despite continued consump-
tion of HFD.

J Atheroscler Thromb, 2010; 17:1226-1236.

Key words; Voluntary exercise, Atherosclerosis, Endothelial function, Apolipoprotein E-knockout mice,
Adiponectin

Introduction
Regular physical activity reduces the morbidity
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and mortality associated with cardiovascular dis-
cases'. Physical exercise not only improves tradi-
tional risk factors, such as obesity, hypertension, dys-
lipidemia and glucose intolerance, but also the inflam-
matory state, which is closely linked to cardiovascular
disorders®>. However, despite the wealth of evidence
derived from epidemiological observations, interven-
tional trials, and experimental animal studies, the
mechanisms by which physical activity benefits ath-
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erogenesis are not fully understood.

Exercise assessment models in mice use either
voluntary or forced activity. Forced activities, such as
swimming and treadmill exercise, have the advantage
that mice can be made to exercise at reproducible
duration and distances; however, these methods are
non-physiological and stressful® 7. Both swimming
and treadmill exercises are unpleasant for mice because
of the shock bar to avoid discontinuity of running or
the fear of drowning® ?; therefore, such unpleasant
exercises may lead to adverse stress® . Furthermore,
these exercises are mostly performed during the day,
in contrast to the nocturnal activity of mice. These
factors are confounding for assessing the underlying
mechanisms by which innate exercise, including the
maintenance of physical activity, has beneficial effects
on cardiovascular diseases. In contrast, voluntary run-
ning exercise can be performed in a non-stressful envi-
ronment without disruption of the normal diurnal
thythm.

The present study aimed to assess the effects of
voluntary exercise (Ex) on the initiation and proges-
sion of atherosclerotic lesions in apolipoprotein E
(ApoE)-deficient mice. In addition, we examined the
endothelial function of thoracic aorta, circulating pro-
and anti-inflammatory parameters, and changes in
white and brown adipose tissue weights, which play
important roles in systemic inflammation. We demon-
strated a marked reduction in atherosclerotic lesions,
with a strong negative correlation between atheroscle-
rotic areas and the mean running distance per day in
mice fed a high-fat diet (HFD) supplemented with
Ex. Moreover, voluntary running exercise ameliorated
the progression of endothelial dysfunction and ath-
erosclerotic lesion formation via anti-inflammatory
effects, including an increase in adiponectin concen-
tration followed by a decrease in the weight of white
adipose tissue without a decrease in that of brown adi-
pose tissue, despite continued consumption of HFD.

Materials and Methods

Experimental Animals

The Animal Care and Use Committee of Jun-
tendo University School of Medicine reviewed and
approved all protocols described in this study. ApoE-
deficient mice were obtained from Jackson Laborato-
ries (West Grove, PA). Male mice were provided with
the diet and water and were maintained on a 12-h
light/dark cycle in the specific pathogen-free facility of
Juntendo University. The investigation conformed to
the Guide for the Care and Use of Laboratory Ani-
mals published by the US National Institutes of

Health (NTH Publication No.85-23, revised 1996).

Study Protocol

Experimental mice were weaned at 4 weeks of
age and provided a normal chow diet (0.09% choles-
terol and 5.6% fat; Oriental Yeast Co., Tokyo, Japan)
until 8 weeks of age, and then randomly assigned to 3
groups as follows: a standard diet (STD), HFD, and
HFD and Ex (HFD+Ex) groups. The STD group
was provided a normal chow diet for 10 weeks. The
HFD and HFD +Ex groups were provided a HFD
(normal chow diet containing an additional 0.15%
cholesterol and 15% fat; Oriental Yeast Co., Tokyo,
Japan) for 10 weeks. The HFD + Ex group mice were
kepr in individual cages supplied with a running wheel
(14 cm in diameter) and equipped with a counter to
record the daily running rotation for 10 weeks. Mice
were cuthanized and sacrificed at 18 weeks of age and
tissue samples were harvested immediately.

Histological Analysis of Atherosclerotic Lesions

Atherosclerotic lesions at the aortic sinus were
analyzed by histological staining as follows. The upper
portion of the heart and proximal aorta were obtained
at sacrifice, embedded in OCT compound, and stored
at =807C. Serial 5-pm thick aortic cryosections begin-
ning at the aortic root were collected from 200-pm
segments of the aortic sinus, stained with saturated
Oil Red-O solution at room temperature for 30 min,
and counterstained with hematoxylin. For each mice,
lipid lesions at the aortic sinus assessed as positive by
Oil Red O-staining were quantified for the compari-
son of atherosclerotic lesions'®. The ascending and
descending aortas were dissected, cleaned of peripheral
fat under a dissecting microscope to expose the endo-
thelial surface, and stained with Sudan IV solution
(0.5% wt/vol.; Sigma Chemical, St Louis, MO, USA).
Aortic images were digitized using a microscope
(Olympus AX80; Olympus Optical, Tokyo) equipped
with a high-resolution camera (Nikon D2X; Nikon,
Tokyo). The proportion of aortic intima surface area
occupied by red staining of atherosclerotic lesions was
quantified by normalizing the area stained with Sudan
IV to that of the entire aorta using an imaging system
(KS400; Carl Zeiss Imaging Solutions GmbH, Ger-
many).

Endothelium-Dependent Relaxation to Acetylcholine

After the mice were sacrificed under anesthesia,
their descending thoracic aortas were excised, cleaned
of connective tissue, and cut into transverse vascular
rings (approximately 2 mm in length). The protocol
was conducted in temperasture-controlled (37C) and
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an oxygenated Krebs bicarbonate buffer (pH 7.4)
containing the following: 118 mM NaCl, 4.7 mM
KCl, 1.5 mM CaClz, 25 mM NaHCQOs, 1.1 mM
MgSO4, 1.2 mM KH2POs, and 5.6 mM glucose, as
we described previously'®. Optimal passive tension of
0.5 g was applied to the vascular rings throughout the
experiment. The vascular rings were initially exposed
to a high-K* Krebs bicarbonate buffer containing 30
mM KCl instead of NaCl to produce maximal force
generation and to enhance the reproducibility of sub-
sequent contractions. After washing and observing a
steady-state level of contraction, the vessels were sub-
maximally contracted with 1.0 pM phenylephrine.
The vasodilator responses to the endothelium-depen-
dent agonist acetylcholine, the endothelium-indepen-
dent agonist, and NO donor sodium nitroprusside
were studied to investigate endothelial function. Relax-
ation was expressed as the percent change in the steady-
state level of contraction. Rmx was determined from
the maximum relaxation of the established tone and
EDso was calculated from log transformation of the
relaxation data.

Quantification of Lipids

Serum was separated by centrifugation and
stored at =80C. Serum total cholesterol and eriglycer-
ide levels and as well as lipoprotein concentrations
were analyzed by an online dual enzymatic method for
simultaneously quantifying cholesterol and triglycer-
ides by high-performance liquid chromatography at
Skylight Biotech Inc. (Akita, Japan), as we described
previously!?.

Real-Time PCR

Total RNA from mouse thoracoabdominal aortas
was extracted using a RNeasy Mini Kit (Qiagen) and
treated with RNase-free DNase according to the man-
ufacturer’s instructions. Then, 1 pg RNA was reverse
transcribed to ¢cDNA with a High Capacity cDNA
Reverse Transcription kit (Applied Biosystems, Foster
City, CA, USA). Real-time PCR (7500 Real-time
PCR System, Applied Biosystems) was used to deter-
mine mRNA levels of CDG8 (macrophage marker),
CD4 (T-helper cell marker), and CD11c (dendritic
cell marker). TaqMan® Gene Expression Assays for
CD68 (Cat # Mm00839636_g1), CD4 (Cat # Mm
00442754_m1), CD1lc (Cart # Mm00498690_g1),
and B-actin (Cat # Mm01205647_g1) were purchased
from Applied Biosystems.

Measurement of Serum Parameters
Serum interleukin (IL)-6 and tumor necrosis fac-
tor (TNF)-a levels were measured using the Cytomet-

ric Bead Array Mouse Soluble Protein Master Buffer
Kit (BD Biosciences). Serum monocyte chemoattrac-
tant protein (MCP)-1 and adiponectin levels were
measured using commercial mice ELISA kits (Otsuka
Pharmaceutical, Tokyo, Japan; R&D Systems, Minne-
apolis, MN, USA, respectively).

Statistical Analysis

Continuous variables are presented as the mean
+SD with the exception of analysis of vascular ring
relaxation as the mean*SEM. Differences between
groups were analyzed by unpaired #-tests. Differences
among 3 groups were analyzed by one-way ANOVA
followed by appropriate post hoc analysis with a Bon-
ferroni correction for multiple comparisons. Differ-
ences with p<0.05 were considered significant.

Results

Body Composition and Lipid Profiles

Table 1 shows the body weights and lipid pro-
files in the STD, HFD, and HFD + Ex groups. Body
weight in the HFD + Ex group was slightly but signifi-
cantly lower than in the HFD group at 18 weeks of
age (HFD+Ex: 28.6=1.0 g, HFD: 31.1£0.9 g p<
0.05); however, there were no significant differences in
the percent change in body weight from 8 to 18 weeks
of age among the 3 groups. The mean running dis-
tance per day in the HFD +Ex group was 15,145+
3,619 m/24 h. There were no significant differences in
food consumption, heart rate, or blood pressure
among the 3 groups (data not shown). There were no
significant associations between body weight changes
and the mean running distance per day or body
weight changes and food consumption. HFD induced
a marked increase in total cholesterol in the HFD and
HFD + Ex groups (HFD: 1,023+ 170 mg/dL, HFD +
Ex: 974+330 mg/dL, STD: 52184 mg/dL, HFD
vs. STD, p<0.05, HFD + Ex vs. STD, p<0.05); how-
ever, there was no significant difference between the
HFD and HFD+Ex groups. The very low-density
lipoprotein cholesterol levels were significantly higher
in the HFD and HFD +Ex groups than in the STD
group (HFD: 653 + 146 mg/dL, HFD + Ex: 586+297
mg/dL, STD: 295+74 mg/dL, HFD vs. STD, p<
0.05, HFD + Ex vs. STD, p<0.05). The high-density
lipoprotein cholesterol or triglyceride levels were not
significantly different among the 3 groups.

Table 2 presents a comparison of epididymal,
perirenal, omental, and brown adipose tissues from fat
pads among the STD, HFD, and HFD +Ex groups.
The values of each fat/body weight of epididymal (10.1
*1.2 g/gx1,000 vs. 7.8%1.2 g/gx 1,000, p<0.05),
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Table 1. Body weights and lipid profiles

STD (n=8) HED (n=8) HFD + Ex (n=8)

Initial BW, g 24.1%1.0 245+2.8 23.1£0.9
Final BW, g 29.9+1.4 31.1%0.9 28.6+1.0%
BW changes, % 23.9%9.8 28.5+15.6 24.2%7.3
Total cholesterol, mg/dL 521 %84 1023+ 170" 974+330"
VLDL-cholesterol, mg/dL 29574 653+ 146" 586+297*
LDL-cholesterol, mg/dL 19151 285=75" 25174
HDL-cholesterol, mg/dL 2914 36%9 32%21
Triglyceride, mg/dL 33£22 32=17 306

Data are expressed as the mean * SD.
STD: standard diet, HFD: high fat diet, Ex: voluntary exercise, BW: body weight, VLDL: very low-density lipo-
grotein, LDL: low-density lipoprotein, HDL: high-density lipoprotein.

'»<0.05 vs. STD, ¥ p<0.05 vs. HED,

Table 2. Comparison of epididymal, perirenal, omental, and brown adipose tissues from fat pads
among the STD, HFD, and HFD + Ex groups

STD (n=06) HFD (n=6) HFD + Ex (n=6)
Epididymal fat/BW;, g/g x1,000 7.8%1.2 10.1x1.2* 74%1.6°
Perirenal fat/BW, g/g 1,000 1.8+0.3 24%04" 2103
Omental fat/BW;, g/g x1,000 3.0£0.6 3.1£0.9 24%04
BAT/BW, g/g %1,000 2.2%0.5 1.9%0.4 1.8+0.3
WAT/BW, g/g %1,000 125+1.9 15.5%2.4" 11.9£2.2%

Data are expressed as the mean*SD.
STD: standard diet, HFD: high fac diet, Ex: voluntary exercise, BW: body weight, BAT: brown adipose tissue,
WAT: white adipose tissue (epididymal fat + perirenal fac + omental fat).

*5<0.05 vs. STD, * »<0.05 vs. HED.
P ?

perirenal (2.4%0.4 g/g* 1,000 vs. 1.8 £0.3 g/gx 1,000,
2<0.05), and total white adipose tissues (15.5+2.4
g/gx 1,000 vs. 12.5+1.9 g/gx 1,000, p<0.05) were
significantly higher in the HFD group than in the
STD group. The values of epididymal (7.4£1.6 g/gx
1,000 vs. 10.1£1.2 g/gx 1,000, p<0.05) and total
white adipose tissues (11.9%2.2 g/gx 1,000 vs. 15.5 %
2.4 g/gx1,000, p<0.05) were significantly lower in
the HFD + Ex group than in the HFD group. There
was no significant difference in the values pertaining
to brown adipose tissue among the 3 groups.

Voluntary Running Exercise Reduces Aortic
Atherosclerotic Lesions in ApoE-Deficient Mice
Fig.1 and 2 show atherosclerotic lesion forma-
tion in the aortic sinus and thoracoabdominal aorta,
respectively, in the STD, HFD, and HFD + Ex groups.
HFD for 10 weeks significantly induced atheroscle-
rotic lesions in the aortic sinus (Fig. 1B, HFD: 19.9+
7.0%, STD: 8.2%£5.9%, p<0.005) and thoracoab-
dominal aorta (Fig.2B, HFD: 31.6+6.1%, STD:
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22.6£4.7%, p<0.005) in the HFD group. Histo-
morphometric analysis revealed that voluntary run-
ning exercise for 10 weeks significantly decreased ath-
erosclerotic lesion formation in the HFD +Ex group
than in the HED group (Fig. 1B, HFD: 19.9+7.0%,
HFD+Ex: 7.2£4.9%, »p<0.0005, Fig.2B, HFD +
Ex: 18.6+4.4%, HFD: 31.6%6.1%, p<0.0001). Inter-
estingly, there was a strong negative correlation between
atherosclerotic areas in the thoracoabdominal aorta

and mean running distance per day in the HFD + Ex
group (r=-0.90, p=0.01) (Fig.3).

Voluntary Running Exercise Preserves HFD-Induced
Endothelial Dysfunction in ApoE-Deficient Mice
Fig. 4 shows cumulative concentration curves for
acetylcholine and sodium nitroprusside in the phenyl-
ephrine-contracted rings of thoracic aortas from STD,
HFD, and HFD+Ex mice. In this experiment, we
added a STD with Ex (STD+Ex) group to assess
whether exercise itself could improve acetylcholine-
and sodium nitroprusside-induced relaxation. Endo-
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Fig. 1. Comparison of atherosclerotic lesion formation in the aortic sinus among the

STD, HFD, and HFD + Ex groups.

Atherosclerotic lesion formation in the aortic sinus was determined by Oil red-O staining in
the STD, HFD, and HFD + Ex groups. Representative examples (A) and hiscomorphometric
analysis (B: mean=SD; 7n=6 per group). The Y-axis is the percent area of atherosclerotic
lesion formation in the aortic sinus.
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Fig.2. Comparison of atherosclerotic lesion formation in the ascending and descending

aortas among the STD, HFD, and HFD + Ex groups.

Ascending and descending aortas of STD, HFD, and HFD + Ex group mice were dissected to
expose the endothelial surface, and developed for Sudan IV staining. Representative examples (A)
and histomorphomertric analysis (B: mean+SD; n=6 per group). The Y-axis is che percent area of
atherosclerotic lesion formation in the thoracoabdominal aorta.
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thelium-dependent relaxation in response to acetyl-
choline at 1x107% (23.8+3.1% vs. 2.6 1.4%, p<
0.05), 3% 1078 (50.5+3.3% vs. 12.6%3.0%, p<0.05),
1x1077 (77.921.9% vs. 40.8£4.4%, p<0.05), 3 x
1077 (92.4%0.9% vs. 66.5* 3.4%, $<0.05), and 1x
107 M (96.6£0.5% vs. 75.2%3.3%, p<0.05) was
significantly higher in the HFD +Ex group than in
the HFD group. The endothelium-dependent relax-
ation with acetylcholine at 1x107%,3x 1078, 1x 1077,
3%1077, and 1x107¢ M was also significantly higher
in the HFD + Ex group than in the STD group (all
»<0.05). Endothelium-dependent relaxation with
acetylcholine at 1x107% (17.5+2.8% vs. 2.6+ 1.4%,
2£<0.05), 3x107® (44.9%5.7% vs. 12.6=3.0%, p<
0.05) 1x1077 (75.7 £4.0% vs. 40.8 £ 4.4%, p<0.05),
3x1077 (90.6+1.2% vs. 66.5+3.4%, p<0.05) and
1x107° M (96.0£0.7% vs. 75.2£3.3%, »<0.05)
was significantly higher in the STD +Ex group than
in the HFD group. Endothelium-dependent relax-
ation in response to acetylcholine at 1x 1078, 1x 1077,
3x1077, and 1x 107 M was also significantly higher
in the STD + Ex group than in the STD group (all
2<0.05). In addition, endothelial-dependent relax-
ation with acetylcholine at 1% 1078, 3x107%, 1 x 1077,
3x1077, and 1x107¢ M was significantly higher in
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Fig.3. Correlation between the percent area of atherosclerotic
lesions in the thoracoabdominal aorta and the mean
running distance per day.

Ascending and descending aortas from HED + Ex group mice were
dissected to expose the endothelial surface, and developed for
Sudan IV staining (n=6).
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Fig. 4. Comparison of relaxation of vascular aortic rings with acetylcholine and sodium nitroprusside among

the STD, HFD, HFD +Ex, and STD + Ex groups.

(A) Endothelium-dependent relaxation was elicited by the cumulative concentration of acetylcholine (0.1 nM-1 pM) in
the STD (n=12), HFD (n=12), HFD+Ex (#=11), and STD+Ex (n=12) groups. (B) An endothelium-independent
response was elicited by the cumulative concentration of sodium nitroprusside (0.1 nM-1 pM) in the STD (»=12), HFD
(n=12), HFD + Ex (n=11), and STD + Ex (n=12) groups. The relaxation results are expressed as the percent change in the
steady-state levels of 0.3 pM phenylephrine concentration. Error bars represent SEM. *p<0.05 when compared between
the HFD and HFD + Ex groups. *»<0.05 when compared between the STD and HFD + Ex groups. 1p<0.05 when com-
pared berween the STD and STD + Ex groups. ''»<0.05 when compared between the HFD and STD + Ex groups.
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Fig.5. Comparison of aortic mRNA expression for markers of inflammatory cells, i.e., macrophages, CD4 T cells, and dendritic

cells among the STD, HFD, and HFD + Ex groups.

Levels of aortic mRNA expression of CD68, CD4, and CD11c were measured using real-time PCR in the STD (»=5), HFD (n=5), and

HED + Ex (n=5) groups at 18 weeks of age. Error bars represent SD.

the STD + Ex group than in the HFD group (all p<
0.05). No significant differences were observed in
endothelial-dependent relaxation between the STD +
EX and HFD + Ex groups. Endothelium-independent
relaxation in response to sodium nitroprusside was not
different among the four groups.

Voluntary Running Exercise Decreases Aortic nRNA
Expression for Markers of Inflammatory Cells
Fig.5 shows the levels of aortic mRNA expres-
sion for markers of inflammatory cells, i.e., macro-
phages (CD68), CD4 T cells (CD4), and dendritic
cells (CD11c). HFD significantly increased mRNA
expression levels of CD68 (1.96+0.78 vs. 1.00+0.40,
£<0.05) and CD11c (2.45%1.11 vs. 1.00%0.48, p<
0.05) in the aortas of ApoE-deficient mice. The
expression levels of CD4 (0.66%0.32 vs. 1.60+0.73,
2<0.05) and CD11c (0.97%+0.72 vs. 2.45%1.11,
2<0.05) were significantly lower, and those of CD68
(1.06+0.60 vs. 1.96%0.78, p<0.08) tended to be
lower in the HFD + Ex group than in the HFD group.

Voluntary Running Exercise Decreases Circulating
Proinflammatory Cytokine Levels and Increases
those of the Anti-Inflammatory Cytokine Adipo-
nectin

Fig. 6 shows the levels of circulating proinflam-
matory cytokines and the anti-inflammatory cytokine
adiponectin. HFD increased circulating IL-6 (14.6+
11.2 pg/mL vs. 4.3%3.3 pg/mL, »<0.05), TNF-a
(4.6%3.2 pg/mL vs. 1.7+0.8 pg/mL, p<0.05), and
MCP-1 levels (177.7£75.9 pg/mL vs. 99.4%29.5 pg/

mL, »<0.05), in ApoE-deficient mice. The serum
IL-6 (2.5+1.2 pg/mL vs. 14.6+11.2 pg/mL, p<0.05)
and MCP-1 levels (68.4 = 34.3 pg/mL vs. 177.7+75.9
pg/mL, p<0.01) were significantly lower, and those of
TNF-a tended to be lower (1.9%1.0 pg/mL vs. 4.6%
3.2 pg/mL, p=0.07) in the HFD + Ex group than in
the HFD group. Adiponectin levels increased sig-
nificantly in the HFD + Ex group (17.2+2.2 pg/mL)
compared to the HFD (13.9%+2.2 pg/mL) and STD
(14.0%2.2 pg/mL) groups (both »<0.05). l

Discussion

This is the first study demonstrating that volun-
tary running exercise preserved endothelial function
and ameliorated the progression of atherosclerotic
lesions in the aortic sinus and thoracoabdominal aorta
with a strong negative correlation between atheroscle-
rotic areas and the running distance per day in ApoE-
deficient mice. Moreover, Ex decreased the white adi-
pose tissue weight, including that of epididymal fat,
without loss of brown adipose tissue, whereas adipo-
nectin levels increased and those of pro-inflammatory
mediators, MCP-1, IL-6, and TNF-a, decreased.

Previous studies have shown that exercise train-
ing, such as on a treadmill and swimming, reduced
atherosclerotic lesion formation and neointimal growth
after carotid injury in mice models'"'®; however, such
unpleasant exercise may be forced under stressful con-
ditions with disruption of the normal diurnal rh e
In contrast, voluntary running exercise can be per-
formed to assess the underlying mechanisms by which
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