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ORIGINAL ARTICLE

Ischemic Heart Disease

Relationship Between Functional Exercise Capacity
and Functional Stenosis in Patients With Stable Angina
and Intermediate Coronary Stenosis

Shinichiro Tanaka, MD; Toshiyuki Noda, MD; Tomonori Segawa, MD;
Taro Minagawa, MD*; Sachiro Watanabe, MD; Shinya Minatoguchi, MD*#*

Background: Some stable angina patients with significant coronary function have low exercise capacity, whereas
some have high exercise capacity. The aim of the present study was to determine whether coronary pressure-
derived fractional flow reserve (FFRmyo), a functional index of coronary stenosis, is a better indicator of exercise
capacity than angiographic stenosis.

Methods and Results: The 15 male (65.818.9 years old) subjects with stable angina and 75% angiographic ste-
nosis underwent a cardiopulmonary exercise test (CPX), and peak oxygen uptake (PeakVO2) and oxygen uptake
at anaerobic threshold (AT) were measured. The relationship between FFRmyo and CPX values was assessed.
The left anterior descending artery was affected in 8 patients, the left circumflex artery in 5, and the right coro-
nary artery in 2, Percent diameter stenosis (%DS) was 61.7+9.1% by quantitative coronary angiography. Mean
FFRmyo, PeakVO2, and AT was 0.8440.66, 17.143.2ml-kg-!-min-1, and 11.1£2.0 ml-kg-!-min-1, respectively.
There was no significant correlation between %DS and FFRmyo, PeakVO2, or AT (r=0.12, —0.051, and —0.013,
respectively; P=NS), but FFRmyo had a significant positive correlation with PeakVO2 and AT (r=0.534 and
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0.542, respectively; P<0.05).

Conclusions: Exercise capacity reflects functional stenosis in stable angina patients. (Circ J 2009; 73: 2308 -

2314)

Key Words: Fractional flow reserve; Functional exercise capacity; Ischemic heart disease

capacity are generally considered to be predictors

of mortality in patients with ischemic heart
disease.!~* Patients presenting with these symptoms benefit
from revascularization via percutaneous coronary interven-
tion (PCI). However, there were some patients with higher
functional capacity who already have oxygen consump-
tion at high levels and often get no benefit from PCIL.34
For example, it has been reported that patients with low
functional capacity, low peakVO2, and poor oxygen uptake
at the anaerobic threshold (AT) during a cardiopulmonary
exercise test (CPX) show significant improvement after
PCI, suggesting that myocardial impairment induced by
intermittent ischemia is reversible, whereas the functional
capacity of those with higher peakVOz2 is not significantly
improved after PCL.3 Thus, it is suggested that the efficacy
of PCI is influenced by the baseline condition of the patient.
Although angiographic stenosis is often associated with
reduced exercise capacity and functional stenosis, the rela-
tionship between angiographic stenosis and functionality
varies widely.67 Coronary pressure-derived fractional flow
reserve (FFRmyo), which is calculated from coronary pres-
sure measurements, is a reliable index of the functional
severity of coronary stenosis, and an FFRmyo value of 0.75

L ow peak oxygen uptake (PeakVO2) and poor exercise

distinguishes stenoses that are associated with inducible
ischemia from those that are not.8.9 Indeed, in patients with
stable chest pain, the most important prognostic factor is the
occurrence of myocardial ischemia reflected by an FFRmyo
value <0.75. Even after treatment with PCI, the clinical
outcomes of such patients are found to be significantly
worse than those of patients with functionally insignificant
stenoses (FFRmyo >0.75).67 We hypothesized that there is
an association between exercise capacity and functional
stenosis, as reflected by FFRmyo, in patients with stable
coronary heart disease and we tested this hypothesis using
pressure wires and CPX tests.

Methods

Study Design and Participants
The present study was conducted according to the principles
of the Declaration of Helsinki and was approved by the
Ethics Committee of the Gifu Prefectural General Medical
Center. All study participants gave written informed consent
prior to enrollment in the study.

Between November 2006 and September 2008, 15
patients were enrolled. All of them showed 75% angio-
graphic stenosis (classified according to the American Heart
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CPX and FFR of Intermediate Coronary Stenosis

Association) in 1 artery, which was amenable to PCIL. In
addition, the participants had class I-1II angina pectoris
[classified according to the Canadian Cardiovascular Society
(CCS)]. Exclusion criteria were acute coronary syndromes,
recent myocardial infarction (<2 months), a history of myo-
cardial infarction, left main coronary artery stenosis >25%
or high-grade proximal left anterior descending artery ste-
nosis with significant stenosis (>75%) of other vessels, left
ventricular angiography-based detection of abnormal wall
motions such as asynergy or diffuse hypokinesis, reduced
left ventricular function (ejection fraction, <55%), signifi-
cant valvular heart disease, diabetes mellitus treated with
insulin, smoking habit, and occupational, orthopedic or other
conditions that precluded exercise. Eligible patients under-
went CPX tests during which PeakVO2 (ml-kg-!-min-!) and
AT (ml-kg-!-min-!) were measured. The correlation between
the FFR and CPX values was then assessed.

Exercise Testing

A symptom-limited incremental exercise test was per-
formed using an upright, electromagnetically braked cycle
ergometer. Breath-by-breath VO2, carbon dioxide produc-
tion (VCO2), and minute ventilation (VE) were measured
throughout the test using an AE-300S AEROMONITOR
(Minato Medical Science Co Ltd, Osaka, Japan). A ramp
protocol with an exercise regimen of a 3-min warm-up at
10W at a pedal speed of 50 revolutions/min, followed by a
linear increase in the work load at a rate of 1 W every 65
(10 W/min) was used. 12-lead ECG and heart rate were
continuously monitored throughout the test using a stress
system ML-9000 (Fukuda Denshi Co Ltd, Tokyo, Japan),
and cuff blood pressure was measured every minute using
an automatic manometer (FB-300; Fukuda Denshi). The end
point of the CPX test was determined as per the guidelines
for diagnostic evaluation of patients with chronic ischemic
heart disease. !0

Angiographic Assessment

Angiography was performed in 2 orthogonal views after
intracoronary administration of 5.0mg of isosorbide dini-
trate. Digital angiograms were analyzed online using an
automated edge-detection system (Good net; Goodman Co
Ltd, Nagoya, Japan). Using the guiding catheter as a scaling
device, reference diameter, minimal lumen diameter, and
percent diameter stenosis (%DS) were calculated. The algo-
rithm of the cardiovascular measurement system inter-
polated reference vessel diameters from the diameters of
apparently normal segments just proximal and distal to the
target lesion.

Coronary Pressure Measurement and Calculation
of FFRmyo
Coronary pressure was measured using a 0.014-inch sensor-
tipped PCI guidewire (PressureWire; Radi Medical Systems,
Uppsala, Sweden). The wire was introduced via a 6- or 7-Fr
guiding catheter, calibrated, advanced into the coronary
artery, and positioned distal to the stenosis as described
previously 811 Adenosine (140 g-kg~!-min-!) was admin-
istered intravenously to induce maximum hyperemia.3:12
FFRmyo was calculated as the ratio of the mean hyper-
emic distal coronary pressure measured with a pressure wire
to the mean aortic pressure measured with a guiding cathe-
ter. The measurement was performed twice, and FFRmyo
was considered as the average of the 2 measurements.
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Table 1. Individual Patient’s Characteristics

Medications

Ischemic signs

Risk factors

Age  Height Weight BSA BMI
(ecm) (k) (kg/m?)
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ECG Nuclear
change imaging
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1.87
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BSA, body surface area; BMI, body mass index; HT, hypertension; HL, hyperlipidemia; DM, diabetes mellitus; CCS, Canadian Cardiovascular Society; ARB, angiotensin II receptor blocker; ACEI, angiotensin-converting

enzyme inhibitor.
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Table 2. Angiographic Data and FFRmyo

TANAKA S et al.

Patient Affected QCA
- - FFRmyo
no. artery RD (mm) MLD (mm) Stenosis (%) Lesion length (mm)
1 LCX 4.29 1.66 61.4 16.2 0.88
2 LCX 291 1.27 56.3 10.8 0.83
3 LAD 2.06 0.73 64.4 17.2 0.78
4 LCX 3.59 2.06 42.7 6.7 0.85
5 LAD 2.39 0.76 68.4 79 0.86
6 LAD 2.42 1.08 55.3 6 0.83
7 LAD 2.89 0.91 68.4 7.8 0.86
8 LCX 2.56 0.61 76.4 229 0.88
9 LAD 2.46 0.74 70.0 22 0.83
10 LAD 3.58 1.43 60.18 8.76 0.86
11 LAD 2.46 0.74 70.0 21.9 0.83
12 LCX 2.86 1.50 47.5 10.7 0.9
13 LAD 2.52 1.01 60.1 22.5 0.69
14 RCA 322 1.39 56.9 13.1 0.77
15 RCA 5.45 1.77 67.5 9.2 0.99
Mean 3.04 1.12 61.7 13.6 0.84
SD 0.89 0.45 9.1 6.3 0.66

FFRmyo, myocardial fractional flow reserve; QCA, quantitative coronary angiography; RD, reference diameter; MLD, minimum
luminal diameter; LCX, left circumflex coronary artery; LAD, left anterior descending coronary artery; RCA, right coronary artery.

Antianginal Thrombotic Treatment

All the patients received oral therapy comprising 75 mg of
clopidogrel or 200mg of ticlopidine plus 81 mg of aspirin
daily. Anti-ischemic therapy included a long-acting /-
blocker, calcium-channel blocker, nitrates and nicorandil,
alone or in combination with statins, and either an angioten-
sin I receptor blocker or an angiotensin-converting enzyme
inhibitor for standard secondary prevention.!3

Statistical Analysis

All analyses were performed using the intention-to-treat
principle. Continuous data are expressed as means*SD and
proportions, and categorical data are expressed as frequen-
cies and percentages. Pearson’s correlation coefficient analy-
sis and simple regression analysis were used to assess the
relationships between subjects. Values of P<0.05 were con-
sidered significant. All analyses were performed using SAS
software version 5.0 (SAS Institute, Inc, Cary, NC, USA).

Results

Characteristics of the Patients and their Lesions

The clinical characteristics of the 15 study participants are
shown in Table 1. Their mean age was 66 years (range,
54-76); 53% of the patients had hypertension, 47% had
hyperlipidemia, and 67% had diabetes. Although 10 patients
had angina, all recorded normal ECGs while resting.
Ergometry revealed myocardial ischemia (eg, ST-segment
depression) in 5 patients, and 6 patients were positive on
stress thallium scintigraphy.

Angiographic characteristics are summarized in Table 2.
Stenotic lesions were localized in the left anterior descend-
ing artery in 8 patients, in the left circumflex artery in 5
patients, and in the right coronary artery in 2 patients. The
average reference vessel diameter was 3.04mm, and the
mean lesion length was 13.6 mm. Quantitative coronary angi-
ography revealed that the mean minimal lumen diameter
was 1.12£0.45mm and the %DS was 61.819.4%. Mean
FFRmyo was 0.84 (range, 0.69-0.99).

Functional Capacity Assessed by CPX
Table 3 shows the results of the CPX tests. The average

maximal exercise tolerance was 96.3 W, and the PeakVO2
was 16.712.9ml-kg-!-min-! at 96.3W. All the VO2 curves
were observed to plateau during CPX. PeakVOz2 reflected
the maximum VO2 value. Mean AT value was 11.1+2.0ml-
kg-!-min-!, and the mean load at that AT level was 53.1W.
The endpoint of the CPX test was shortness of breath in
4 patients and leg fatigue in 6 patients. Target heart rate was
nearly achieved in 4 patients: 90% of maximum heart rate.
CPX test was terminated in 1 patient because of elevated
diastolic blood pressure (>120 mmHg).

Correlations Among Functional Capacity, Angiographic
Stenosis, and Functional Stenosis

There was no correlation between FFRmyo and %DS
(Figure 1). Likewise, neither PeakVO2 nor AT correlated
with %DS (Figure 2). There was no correlation between
the double products and FFRmyo or %DS (Figure 3). On
the other hand, there was a positive correlation between
oxygen uptake and the double products: r=0.761 (P<0.01)
at peak and r=0.775 (P<0.01) at the AT. In addition, a sig-
nificant positive correlation was observed between FFRmyo
and PeakVO2 (r=0.534, P<0.05) and between FFRmyo and
the AT (r=0.542, P<0.05) (Figure 4).

Discussion

The results of this study showed (1) a positive correlation
between FFRmyo and PeakVO2 [r=0.534 (P<0.05)] and
between FFRmyo and the AT [r=0.542 (P<0.05)], (2) no
significant correlation between %DS and FFRmyo, and (3)
no correlation at all between %DS and PeakVO: or between
%DS and the AT.

The diagnostic accuracy of FFRmyo for assessing func-
tional stenosis is more than 90%, which is higher than for
any other invasive or noninvasive test.$ When FFRmyo
was used to divide patients into a group in which stenosis
was most likely to be physiologically significant (FFRmyo
<0.75) and a group in which it was not, the overlap between
the 2 groups for angiographic severity was so large that
it suggested angiography could not be used to predict the
absence or presence of inducible ischemia in individual
patients.®7 Our finding that there was no correlation between

Circulation Journal = Vol.73, December 2009



CPX and FFR of Intermediate Coronary Stenosis

.
Sy
=)

g
=] =4
= A
=0 =)
=) ko)
o0
o
=~
=
3 Ve
O
-
ES
IR
EE|g
SEZ|S
EEE ~
SEg| T
> o
g|° _
g g
2l £ =
< 4 ]
= S
=
2
oy
D
2% |°®
£
g
o 2
w
= <
E
= a
o
g
2. =
S
ST E| R
2 EZ|las
£EE| ™
> o
o
_
= g
£ -
<|lgg |3
Z =
[}
Na)
=2
@ mé\b
O
A [aa] O
2| |2 E
g A
= Q-EB
—
2 = E S
£ 7 =
= £

é =

=

=

< ——

~— o

@a =

] o~
=4 B & i~

= ETE| X

« o E 2|
] 2 2| <
= S ES

a 5 *°

2 A

£ )

[}

= umg )
28| 2 o0
S |= 3

£ =

= o)

[a %}

2 = E S
« QE
d‘ =
- —~_
£ mﬁ.:‘) <
) i =N
) 2=
3 A
= .
£ Lo |«
2| S¥E |
= EE
H ~
2| o
S| LT
5l 2¥g |o
[~} “—E —
= o g

< [a¥E =

. =

o S -
B =

E <

= A

2

Circulation_Journal

High pressure of DBP

Shortness of breath
Leg fatigue

Shortness of breath
Shortness of breath
Target HR

Leg fatigue
Leg fatigue
Leg fatigue

75
75
65
125
100
100
0
90
130

16,568
16,478
10,904
28,840
26,462
18,602
20,634
14,484
20,996
12,462
30,240
19,186
28,160
27,950
20,643

107
140
131
102
116

78
80
53
110
121
60
82
60
94

152
154
116
206
202
142
181
142
181

45
45
40
70
65
50
55
60
55

11,040
11,466
10,854
23,160
24,156
12,992
16,008
12,480
11,664
10,332
22,264
15,120
13,724
18,216
14,952

92
9
81
120
22
2
92
96

85
82
67
103
116
53
73
68
86
50
109

120
126
134
193
198
116
174
130
144

7,840
8,378
9,520
12,880
12,540
10,452
9,424
9,112
6,552

70

71
70
80
76
8
62
8
2

74
73
69
110
106
63
78
63
76
66
102

112
118

136
161
165
134
152
134
126

9.0

8.7
10.3
13.6
13.3
12.0
10.2
11.9
11.7

13.2
12.8
14.2
19.9
19.4
17.5
15

16.5
222
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Shortness of breath

Target HR

65
125

93

57
106

134
210
181
220
215

40
70
50
50
69

82
121

126
184
168
146
198
151

9,798
12,877

69

142
163
148

10.3

14.2

79

14.2

20.8

12
13
14
15
Mean

Leg fatigue
Leg fatigue
Target HR

85
125

106

79

97
112

90
94
92

66
78
104

9,472

64

70
78

9.7

14.7
18
22

128

9,828

126

9.8
14.0

130

130

89 63 8,442

134

96.3

83.9 118

53.1 171.4

11.9

97.8

80.4

9,674

77.6

136.3

11.1

17.1

6.3 6,066 25.1

21.9

342

4,636

14.3

20.2

319

8.6 1,807

17.4

19.8

3.2

SD

peak VO2, oxygen uptake at peak exercise; AT, anaerobic threshold at the corresponding oxygen uptake; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; Target HR, 90% of maximum HR.
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Figure 1. Relationship between fractional flow reserve and percent
stenosis.

%DS calculated from quantitative coronary angiography and
the 3 functional parameters, namely, FFRmyo, peakVOz,
and AT, is consistent with earlier studies.

FFRmyo reflects the maximum achievable blood flow to
the myocardium supplied by a stenotic artery as a fraction
of normal maximum flow, and is an accurate and specific
index of the severity of epicardial stenosis.?- Generally, one
of the most important determinants of myocardial ischemia
is endothelial function.!-214 In patients with a higher maximal
exercise tolerance, sufficient myocardial perfusion is
achieved because of improved endothelium-dependent vaso-
dilatation and collateralization.!> In addition, it has been
reported that an increase in functional capacity is associated
with an increase in coronary flow reserve (coronary flow
velocity response to adenosine) and that impaired overall
functional capacity is independently associated with coro-
nary microvascular dysfunction.! Thus, a reduction in coro-
nary flow reserve apparently reflects both epicardial and
microvascular disease.!6:17 Other studies have shown that
exercise training improves endothelium-dependent vaso-
dilatation in both epicardial coronary vessels and resistance
vessels in patients with coronary artery disease.? Exercise
brings about a change in the relationship between myocar-
dial blood flow and coronary pressure in patients with mod-
erate stenosis; the linear relationship between perfusion
pressure and blood flow at exercise in cases of a moderate
stenosis of the epicardial artery shifted upward and were
closer to those found with hyperemia than those for the sub-
endocardial artery.!8 Such results are consistent with those
of our study, indicating that there is a positive correlation
between FFRmyo and functional capacity and little, if any,
relationship between %DS and functional capacity. The
reason why FFRmyo does not correlate with the maximum
double product appears to be associated with the endpoint
of the CPX test. In the present study, none of the patients
experienced anginal pain or significant ST depression dur-
ing the CPX test. Because the maximal double product is
important as an angina threshold, it should correlate with
FFRmyo when exercise is terminated because of myocar-
dial ischemia. In the absence of myocard_ial ischemia, which
was the case in the present study, peakVO2 may be a more
appropriate index for measuring excise capacity. In addition,
exercise increases the levels of catecholamines, which may
be responsible for the improvement in blood flow and



2312 TANAKA S et al.
A B (ml-kg'-min™")
(ml-kg™"-min™)
24 | 19
2 ° . 177
20 1 - . r=-0.051 157 . . ol
~ 18 4 . p=NS 13 4 ° p=
o . = ° o
> 16 1 . Y < 11 1
~ ° ° o
s ° L) L )
& ] < 0 . 9 * ue
12 - ¢ 71
10 1 5 .
8 - r T T T T T T T 1 3 -l T T T L] T T v T v 1
20 30 40 50 60 70 8 90 100 20 30 40 50 60 70 80 90 100
Percent Stenosis (%) Percent Stenosis ()
Figure 2. Relationship between percent stenosis and parameters reflecting exercise capacity. (A) PeakVO2 vs percent
stenosis; (B) AT vs percent stenosis. PeakVOz2, oxygen uptake at peak exercise; AT, anaerobic threshold at the corre-
sponding oxygen uptake.
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Figure 3. Relationship between double product and percent stenosis or functional stenosis. (A) Double product at peak
exercise vs fractional flow reserve; (B) double product at peak exercise vs percent stenosis; (C) double product at AT vs
fractional flow reserve; (D) double product at AT vs percent stenosis. AT, anaerobic threshold; bpm, beats/min.

oxygen delivery to the skeletal muscles.!® This may be one
of reasons why FFRmyo, which was measured during hyper-
emia induced by adenosine, showed a significant correlation
with oxygen uptake but not with the double product.

When treating patients with coronary artery disease and

stable angina, the goal of treatment is complete, or nearly
complete, elimination of anginal chest pain and a return to
normal activity with good functional capacity.202! Although
PCI has become a common initial management strategy for
patients with stable coronary artery disease, studies have

Circulation Journal = Vol.73, December 2009
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Figure 4. Relationship between fractional flow reserve and parameters reflecting exercise capacity. (A) PeakVO2 vs
fractional flow reserve; (B) AT vs fractional flow reserve. Fractional flow reserve showed a positive correlation with exer-
cise capacity. PeakVO2, oxygen uptake at peak exercise; AT, anaerobic threshold at the corresponding oxygen uptake.

shown that it does not reduce the long-term rates of death
risk, myocardial infarction or other major cardiovascular
events when combined with optimal medical therapy.!3
Nonetheless, for approximately 24 months, PCI accom-
panied by optimal medical therapy does relieve angina and
improve the self-assessed health status to a greater degree
than that achieved by optimal medical therapy alone. In
addition, a greater benefit of PCI is observed in patients
with more severe and more frequent angina. Therefore, the
importance of PCI in terms of rapid relief of symptoms
must be critically weighed against the inherent risks and the
higher cost of the procedure.# From that viewpoint, FFRmyo
can be used for immediate decision-making in the cathe-
terization laboratory. However, under other circumstances,
a noninvasive procedure would be preferable. Assessment
of exercise capacity using a CPX test is not invasive and
can be used together with metabolic equivalent values to
serve as an index of daily activity. CPX testing is useful
over self-assessed health status, which is subjective and
can vary among patients depending upon their symptom
complexity and their unique perceptions, expectations, and
preferences. For instance, patients with more severe angina
and several coexisting medical problems may be satisfied
with some reduction in the symptoms that enables them to
perform only limited daily life activities.20-2! Another inves-
tigation has indicated that 6,500-8,500 steps/day should be
considered as the minimal goal and optimal level of physi-
cal activity for secondary prevention of cardiovascular
disease.22 For assessment of daily activity or for secondary
prevention, CPX testing is a noninvasive guide to func-
tional capacity and treatment efficacy. .

PCI significantly increased AT and peakVOz2 in patients
with peakVO2 <15ml-kg-!-min-!, whereas it yielded no sig-
nificant improvement in those with peakVO2 >15ml-kg-!-
min-1.3 It is noteworthy that an FFRmyo value of 0.75
reflects stenoses associated with inducible ischemia and
hence appears to be similar to a peakVO2 value of 15.0.

A previous study showed that routine FFRmyo measure-
ment with angiographic guidance resulted in a significant
reduction in major adverse cardiac effects, even when
patients underwent PCI with drug-eluting stents.23 Cardiac
rehabilitation is an important strategy for secondary preven-
tion, provided there is no risk of inducible ischemia.>15:22
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Exercise training can improve myocardial perfusion, as
revealed by myocardial scintigraphy, as well as maximal
exercise capacity.!6 Therefore, it may be possible to improve
FFRmyo by increasing exercise capacity through training.

Study Limitations

This study has several important limitations. Our study
evaluated a small group of Japanese men with stable angina
warranting referral for coronary angiography, which limits
generalization of the results. We measured FFRmyo at only
one point in time, so unknown or unmeasured factors that
could potentially alter the responses at other time points
were not studied. In addition, it was a nonrandomized study
in which the study population was small, and the results
reflected the experience of a single center only. Therefore,
the study lacks the obvious advantages of a larger, multi-
center, multinational randomized study. Inclusion criteria
for this study were restrictive and hence limited the number
of study patients, even though intermediate coronary heart
disease and the resultant myocardial ischemia are known to
be important factors that affect the daily activity of numer-
ous individuals. This study included a very high proportion
of diabetic patients (67%). Although glucose levels were
efficiently controlled by administration of only «-glucosi-
dase inhibitors or diet therapy alone, our study did not reflect
the vascular functional changes that are induced by hyper-
glycemia. A larger, multicenter, multinational randomized
study is warranted to clarify these issues.

Conclusions

Japanese men with reduced FFRmyo are likely to have
reduced functional capacity as assessed by a CPX test. CPX
testing may offer a noninvasive measure of myocardial
ischemia that is associated with the fractional flow reserve.

Acknowledgments

Reiko Matsuoka, MD; Shintaro Abe, MD; Yoshiaki Goto, MD; Takashi
Kato, MD; Tomoko Hirose, MD; Shunnichiro Warita, MD; Tai Kojima,
MD; Takeshi Hirose, MD; Makoto Iwama, MD; Koji Ono, MD and
Haruki Takahashi, MD helped in collecting the data for this study.

We thanked Toshihiko Hirose, Yuko Ishida, and Masashi Nishiwaki
for assisting with the CPX tests and with the preparation of the manuscript.



2314

Disclosure

This study was not financially supported by any organization. And all
authors have no conflict of interest with this study.

1.

References

Handberg E, Johnson BD, Arant CB, Wessel TR, Kerensky RA, von
Mering G, et al. Impaired coronary vascular reactivity and functional
capacity in women: Results from the NHLBI Women’s Ischemia
Syndrome Evaluation (WISE) Study. J Am Coll Cardiol 2006; 47:
S44-S49.

Hambrecht R, Wolf A, Gielen S, Linke A, Hofer J, Erbs S, et al.
Effect of exercise on coronary endothelial function in patients with
coronary artery disease. N Engl J Med 2000; 342: 454-460.
Barmeyer A, Meinertz T. Anaerobic threshold and maximal oxygen
uptake in patients with coronary artery disease and stable angina
before and after percutaneous transluminal coronary angioplasty.
Cardiology 2002; 98: 127—-131.

Weintraub WS, Spertus JA, Kolm P, Maron DJ, Zhang Z, Jurkovitz
C, et al. Effect of PCI on quality of life in patients with stable coro-
nary disease. N Engl J Med 2008; 359: 677 -687.

Seki E, Watanabe Y, Shimada K, Sunayama S, Onishi T, Kawakami
K, et al. Effects of a phase Il cardiac rehabilitation program on physi-
cal status and lipid profiles in elderly patients with coronary artery
disease: Juntendo Cardiac Rehabilitation Program (J-CARP). Circ J
2008; 72: 1230—1234.

Bech GJ, De Bruyne B, Pijls NH, de Muinck ED, Hoorntje JC,
Escaned J, et al. Fractional flow reserve to determine the appropriate-
ness of angioplasty in moderate coronary stenosis: A randomized trial.
Circulation 2001; 103: 2928 -2934.

Pijls NH, van Schaardenburgh P, Manoharan G, Boersma E, Bech JW,
van’t Veer M, et al. Percutaneous coronary intervention of function-
ally nonsignificant stenosis: 5-year follow-up of the DEFER Study.
J Am Coll Cardiol 2007; 49: 2105-2111.

Pijls NH, De Bruyne B, Peels K, Van Der Voort PH, Bonnier HJ,
Bartunek J, et al. Measurement of fractional flow reserve to assess the
functional severity of coronary-artery stenoses. N Engl J Med 1996;
334: 1703-1708.

Pijls NH, Van Gelder B, Van der Voort P, Peels K, Bracke FA,
Bonnier HJ, et al. Fractional flow reserve: A useful index to evaluate
the influence of an epicardial coronary stenosis on myocardial blood
flow. Circulation 1995; 92: 3183 -3193.

Yokoyama M. Guidelines for diagnostic evaluation of patients with
chronic ischemic heart disease (JCS 2005). Available at http://www.
j-circ.or.jp/guideline/pdf/JCS2005_yokoyama_h.pdf

Lopez-Palop R, Saura D, Pinar E, Lozano I, Pérez-Lorente F, Pic6 F,
et al. Adequate intracoronary adenosine doses to achieve maximum
hyperaemia in coronary functional studies by pressure derived frac-

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

TANAKA S et al.

tional flow reserve: A dose response study. Heart 2004; 90: 95-96.
Wilson RF, Wyche K, Christensen BV, Zimmer S, Laxson DD.
Effects of adenosine on human coronary arterial circulation. Circula-
tion 1990; 82: 1595-1606.

Boden WE, O’Rourke RA, Teo KK, Hartigan PM, Maron DJ, Kostuk
WI, et al. Optimal medical therapy with or without PCI for stable
coronary disease. N Engl J Med 2007; 356: 1503-1516.

Hambrecht R, Adams V, Erbs S, Linke A, Krinkel N, Shu Y, et al.
Regular physical activity improves endothelial function in patients
with coronary artery disease by increasing phosphorylation of endo-
thelial nitric oxide synthase. Circulation 2003; 107: 3152—-3158.
Hambrecht R, Walther C, Mobius-Winkler S, Gielen S, Linke A,
Conradi K, et al. Percutaneous coronary angioplasty compared with
exercise training in patients with stable coronary artery disease: A
randomized trial. Circulation 2004; 109: 1371-1378.

Albertal M, Regar E, Van Langenhove G, Carlier SG, Serrano P,
Boersma E, et al. Flow velocity and predictors of a suboptimal coro-
nary flow velocity reserve after coronary balloon angioplasty. Eur
Heart J 2002; 23: 133-138.

Albertal M, Voskuil M, Piek JJ, de Bruyne B, Van Langenhove G,
Kay PI, et al. Doppler Endpoints Balloon Angioplasty Trial Europe
(DEBATE) II Study Group: Coronary flow velocity reserve after per-
cutaneous interventions is predictive of periprocedural outcome.
Circulation 2002; 105: 1573-1578.

Duncker DJ, Bache RJ. Regulation of coronary blood flow during
exercise. Physiol Rev 2008; 88: 1009 —1086.

Riley M, Maehara K, Pérszdsz J, Engelen MP, Bartstow TJ, Tanaka
H, et al. Association between the anaerobic threshold and the break-
point in the double product/work rate relationship. Eur J Appl Physiol
Occup Physiol 1997; 75: 14-21.

Fraker TD Jr, Fihn SD, Gibbons RJ, Abrams J, Chatterjee K, Daley
J, et al. 2007 chronic angina focused update of the ACC/AHA 2002
guidelines for the management of patients with chronic stable angina:
A report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines Writing Group to
develop the focused update of the 2002 guidelines for the manage-
ment of patients with chronic stable angina. J Am Coll Cardiol 2007,
50: 2264-2274.

Tanaka S, Yokoyama C, Kawamura I, Takasugi N, Kubota T,
Ushikoshi H, et al. Conservative medication follow-up for over 20
years of a patient with ischemic heart disease after diagnosis of chronic
total occlusion of the 3 main coronary arteries. Circ J 2008; 72:
1205-1209.

Ayabe M, Brubaker PH, Dobrosielski D, Miller HS, Kiyonaga A,
Shindo M, et al. Target step count for the secondary prevention of
cardiovascular disease. Circ J 2008; 72: 299-303.

Tonino PA, De Bruyne B, Pijls NH, Siebert U, Ikeno F, van’t Veer M,
et al. Fractional flow reserve versus angiography for guiding percuta-
neous coronary intervention. N Engl J Med 2009; 360: 213-224.

Circulation Journal = Vol.73, December 2009



