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Summary

The anaerobic threshold (AT) is regarded an objective parameter for evaluating exercise
tolerance, but its relationship to the improvement of myocardial ischemia remains uncertain.
To investigate this relationship, submaximal treadmill exercise tests were performed for 15 con-
secutive patients with angina pectoris who had undergone successful percutaneous transluminal
coronary angioplasty (PTCA). Before and after PTCA, the AT was determined using cardio-
respiratory monitoring, while the patients were receiving their usual vasodilator medications.
1) Before PTCA, the minute oxygen uptake (VO,) at the AT correlated well with the peak
VO, (r=0.92, p<0.002). The VO, at the AT, however, showed less correlation (r=0.71, p<0.002)
with the VO, at ST segment depression, while the latter parameter correlated closely with the
peak VO, (r=091, p<0.002). 2) After PTCA, exercise time, peak VO,, and the double product
at peak exercise increased significantly (from 640.1+2122 to 772.9+230.3 sec, p<0.001, from
19.145.2 to 22.4+4.9 m//min/kg, p<0.05, and from 19.7+50x10® to 23.7+4.5x10% p<0.001, re-
spectively). However, the VO, at the AT did not increase significantly (from 15.8+4.1 to
16.6+3.5 m//min/kg, p=NS). The heart rate, systolic blood pressure, and double product at the
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AT did not change significantly.

In conclusion, in patients with angina pectoris, the AT is apparently related to the onset
of myocardial ischemia. However, the AT does not necessarily reflect acute improvement of

myocardial ischemia immediately after PTCA.
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Introduction

Objective evaluation of exercise tolerance is
essential for appropriate treatment of patients
with congestive heart failure (CHF). Parameters
commonly used, including peak exercise time
and peak oxygen uptake, are readily influenced
by subjective factors, such as the patient’s will
to continue exercise and the physician’s decision
to terminate the exercise test. Maximal oxygen
uptake is a parameter which is not influenced
by such subjective factors!»?, but its measure-
ment requires much effort on the part of the
subject and is sometimes dangerous for CHF
patients. The anaerobic threshold (AT) is para-
meter®®, which shows whether the exercise is
carried out at moderate intensity during the
rehabilitation of CHF patients>® . However, the
correlation of the AT with the improvement in
myocardial ischemia remains obscure. In patients
with ischemic heart disease, the increase in car-
diac output during exercise is thought to be
suppressed after the onset of myocardial is-
chemia, which may influence the AT. To eluci-
date the relationship between the AT and myo-
cardial ischemia during exercise and to explain
the obscure correlation between the AT and
improvement of myocardial ischemia, we stud-
ied patients with angina pectoris who had un-
dergone successful percutaneous transluminal
coronary angioplasty (PTCA).

Methods

Subjects

Fifteen consecutive patients with angina pec-
toris (mean age: 57.2+10.0 years, 13 men and 2
women) who had undergone PT'CA were select-
ed. Despite treatment with vasodilators, 14 of
them experienced chest pain during their

usual daily activities. All of the patients had
definite coronary stenosis consisting of at least
75% luminal stenosis. By PT'CA, their lesions
were adequately dilated. None of the patients
had evidence of myocardial infarction. Echo-
cardiography at rest showed no asynergy of the
left ventricular wall motion. In the patients who
had exhibited diagnostic ST segment depression
during submaximal treadmill exercise testing
before PTCA, the ST segment depression was
resolved after PTCA. Before PTCA, exercise
20thallium scintigraphy demonstrated exercise-
induced defects with redistribution, but after
PTCA, scintigraphy showed no such defects.
The patients were not receiving either beta-
blocking agents or digitalis, and had no evidence
of pulmonary or peripheral vascular disease. In
each of 10 patients, a single vessel was involved,
in 4, 2 vessels, and in one, all 3 vessels. The
sites of the stenotic lesions responsible for the
ST segment depressions were the left anterior
descending artery in 11 patients, the left cir-
cumflex artery in one, and the right coronary
artery in 3. Patients with several stenotic lesions
were included in the present study if the lesion
responsible for the ST segment depression was
dilated, irrespective of the presence of other
lesions.

Exercise protocol

Submaximal treadmill exercise tests were per-
formed on all patients 3-10 days before and after
PTCA using the same protocol each time. The
exercise protocol was based on Bruce’s protocol,
the modified Bruce’s protocol and the ramp
protocol, and was tailored to the level of each pa-
tient’s daily activity. The tests were performed
on the patients taking vasodilators within 2 hours
after meals. The patients were monitored
throughout the test using 12-lead electrocardio-
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grams (Stress System ML-8000, Fukuda Den-
shi, Tokyo). The ST segment amplitude was
measured 80 msec after the ] point in all 12
leads at 10-sec intervals by computer analysis.
A down slope or horizontal ST segment depres-
sion of 0.1 mV or more was considered positive,
and the first point at which the ST segment de-
pression became positive was defined as the
onset of the ST segment depression. Cuff blood
pressure was measured at one-min intervals us-
ing an automatic indirect manometer (Stress
Test Blood Pressure Monitor STBP-780, Collin
Denshi, Aichi).

Gas analysis

The respiratory indices were measured by
the breath-by-breath method using an RM-300
(Minato Medical Science Co, Ltd), or an
MMC-4400tc (Nihon Koden Co, Ltd) and were
recorded at 10 to 30 sec intervals. The measured
variables were minute oxygen uptake (VO; ml/
min/kg), minute carbon dioxide production
(VCO, ml/min/kg), and minute ventilation (VE
//min). The AT point was determined visually
when the initial breakpoint at which VE/VO, be-
gan to increase without an increase in VE/VCOs,.
The V-slope method was used to confirm the
AT?. Peak oxygen uptake during the exercise
test is termed peak VO, in the present study.

Study protocol

Using the data obtained before PTCA, linear
regression analysis was performed for the VO,
at the AT, peak VO,, and the VO, at ST seg-
ment depression. In addition, the exercise pa-
rameters (i.e., VO, heart rate, systolic blood
pressure, and double product) at the AT before
and after PTCA were compared.

Effect of PTCA on AT

Table 1. Coronary stenosis and exercise time
before and after PTCA

Stenosis Ex time
(%) (sec)
Before PTCA 94.6+4.6 640.1+212.2
After PTCA 34.0+14.6 772.9+230.3
p value <0.001 <0.001

Stenois=coronary stenosis ; Ex time =exercise time ;
p value=before PTCA vs after PTCA by Student’s
paired t-test.

Statistical analysis

Statistical analysis was performed using the
Student’s t-test for paired data, and a p value of
<0.05 was considered statistically significant.
Data are shown as means+SD.

Results

Before PTCA

The degree of coronary stenosis at the sites of
the lesions responsible for the ST segment de-
pression was 94.6 +4.6%,. Exercise duration was
640.1+212.2 sec, and the end points were the
onset of chest pain in 8 patients, the attainment
of ST segment depression greater than 0.2 mV
in 3, the occurrence of leg fatigue in 3, and a
short run of ventricular tachycardia in one
(Table 1). Peak VO, heart rate, systolic
blood pressure, and the double product at peak
exercise were 19.1+5.2ml/min/kg, 117.1+
17.2/min, 167.0+30.5 mmHg, and 19.7+5.0%
108, respectively (Table 2).

After PTCA

Coronary stenosis decreased to 34.0+14.69%,
(p<0.001). The VO,, heart rate, systolic blood

Table 2. Peak \'702, heart rate, systolic blood pressure, and the double product at peak

exercise before and after PTCA

VO, HR sBP DP
(m!/min/kg) (beats/min) (mmHg) (x10%)
Before PTCA 19.1+5.2 117.1+17.2 167.0+30.5 19.7+5.0
After PTCA 22.4+4.9 132.7+14.3 178.5+28.9 23.7+4.5
p value <0.05 <0.001 <0.01 <0.001

VO,=minute oxygen consumption; HR =heart rate; sBP =systolic blood pressure; DP=double product; p
value=before PTCA vs after PTCA by Student’s paired t-test.
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Table 3. Exercise parameters at rest before and after PTCA

VO, HR sBP DP
(ml/min/kg) (beats/min) (mmHg) (x10%)
Before PTCA 3.3£0.4 68.1+ 9.8 124.5+£22.2 8.5+2.0
After PTCA 3.4+0.5 70.7+10.2 125.8+22.7 8.9+1.9
p value NS NS NS NS

NS=no significant difference. Other abbreviations: see Tables 1 and 2.

pressure, and the double product did not change
significantly at rest (Table 3). Exercise duration
increased to 772.9+230.3 sec (p<0.001) (Table
1), and the end point was the occurrence of leg
fatigue in 9 patients and attainment of the target
heart rate [(220—the patient’s age)x0.9)] in 6.
Peak VO, heart rate, systolic blood pressure, and
the double product at peak exercise were 22.4+
4.9 ml/min/ kg (p<0.05), 132.7+14.3 beats/min
(p<0.001), 178.5+28.9 mmHg (p<0.01) and
23.7+4.5%x103(p<0.001), respectively (Table 2).

1. Correlations between the VO, at the AT,
the peak VO, and the VO, at ST segment de-
pression before PTCA (Figs. 1-3)

There was good positive correlation (r=0.92)
between the VO, at the AT and the peak VO,.

The VO, at the ST segment depression and the
peak VO, also correlated well (r=0.91). Al-
though there was a positive correlation between
the VO, at the AT and the ST segment depres-
sion, the correlation coefficient was relatively
low (r=0.71).

2. Comparison of exercise parameters at the
AT before and after PTCA (Figs. 4, 5)

VO, increased markedly in some cases, but
there was no significant overall change in the
VO, at the AT after PTCA (from 15.8+4.1 to
16.6+3.5 mi/min/kg, p=NS). Heart rate, sys-
tolic blood pressure, and the double product
did not change significantly (from 100.8+13.1
to 106.8+15.7 beats/min, from 156.7+28.5 to
157.9+28.5 mmHg, and from 15.8+3.6x 102 to

PEAK VO, STdep-VO,
(ml/min/kg) (ml/min/kg)
L]
30 - 30 1
Y=0.71X+5.3
r=0.71
L]
p<0.002
20 - 20
Y=1.16X+0.82
r=0.92
p<0.002
10 10 -
o Li— : : o Li— . :
o 10 20 30 o 10 20 30
AT-VO, AT-VO,

(ml/min/kg)
Fig. 1. Correlation between the VO, at the AT

and the peak \'102.
AT-VO,=VO, at the AT.

(mli/min/kg)

Fig. 2. Correlation between the VO, at the AT
and the ST segment depression.
ST dep.-VO,=VO, at the ST segment depression.
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Effect of PTCA on AT

PEAK VO, AT-VO,
( mi/min/kg) (mi/min/kg)
L]
30 254 NS
204 1
20
Y=1.14X+0.22
r=0.91 151
p<0.002
10 4
|
o L— T r 10- —
0 10 20 30
STdep.-VoO, ol
(ml/min/kg) BEFORE AFTER
Fig. 3. Correlation between the VO, at the ST PTCA
segment depression and the peak VO,. Fig. 4. 1Individual VO, values at the AT before
and after PTCA.
NS=no significant difference between before and
after PTCA by Student’s paired t-test.
H R sBP DP
(/min) (mmHg) (x10%)
NS NS NS —
130 —l 200- r T
20
150
100- 154
80 100-L 10—L
0 — (0] L (o] L
BEFORE AFTER BEFORE AFTER BEFORE AFTER
PTCA PTCA PTCA

Fig. 5. Heart rate, systolic blood pressure, and the double product at the AT before and
after PTCA.
Abbreviations : see Table 2.
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17.5+4.0 x 103, respectively; all p=NS).

Discussion

In working skeletal or cardiac muscle, energy
(ATP) is supplied with the TCA cycle and gly-
colysis®?. At a low-level workload, ATP is sup-
plied with the TCA cycle alone, but when the
workload surpasses the level at which the oxy-
gen demand exceeds the oxygen supply avail-
able, anaerobic glycolysis is activated and the
blood lactate level begins to increase. This re-
sults in additional carbon dioxide production,
which augments the ventilatory drive. Wasser-
man defined the AT as “the level of VO,
above which aerobic energy production is sup-
plemented by anaerobic mechanisms, causing a
sustained increase in lactate and metabolic aci-
dosis ’¥, and reported that the AT could be
used as an objective parameter for evaluating
exercise tolerance in patients with CHF. There
have also been some reports that the VO, at the
AT correlates well with the maximal VOy%10

The AT, which is the breakpoint of blood
lactate accumulation, has recently been used to
determine a safe and effective exercise level for
patients’ rehabilitation.

The AT, with this clinical value, has been
widely used for patients with various diseases.
However, in patients with ischemic heart disease,
the relationship between the AT and myocardial
ischemia during exercise remains unclear.

Cardiopulmonary exercise testing was per-
formed before and after PTCA. Resolution of
ST segment depression and of exercise defects
on 2thallium scintigraphy, prolonged exercise
duration and increased double product at peak
exercise after PTCA showed that myocardial is-
chemia was alleviated by PTCA. The major de-
terminants of VO, are thought to be cardiac
output and peripheral oxygen uptake efficiency.
VO, changes with the change in the cardiac
output or the peripheral oxygen uptake effi-
ciency or both. In patients with CHF, periph-
eral oxygen uptake efficiency is improved by
rehabilitation in 3 to 6 months'*»!?, In the pre-
sent study, follow-up tests were performed only
3 to 10 days after the initial tests to permit an

increase of peripheral oxygen uptake efficiency.
Furthermore, since no rehabilitation was ac-
complished in these patients, the increase in
VO, after PTCA depended mainly on increased
cardiac output.

In some cases, the VO, at the AT increased
markedly immediately after PTCA. VO, is
known to increase with the increase in the AT
because of the increased cardiac output at the
AT due to the improvement of myocardial
ischemia.

However, in most cases, the VO, at the AT
did not increase after the prompt improvement
in myocardial ischemia immediately after
PTCA. Although cardiac output during exercise
usually increases after rapid improvement in
myocardial ischemia when cardiac output is
not appreciably increased by PTCA during ex-
ercise, hibernating myocardium is suspected.
However, since echocardiography showed no
asynergy before PTCA, hibernating myocar-
dium being unlikely. The increase in cardiac
output during exercise after PTCA does not
correlate with the increase in the AT.

Yamabe also reported that prompt improve-
ment in myocardial ischemia following the oral
administration of isosorbide dinitrate did not
increase the VO, at the AT,

Before PTCA, the VO, at the AT correlated
well with the peak VO,. The VO, at the AT
also correlated with the VO, at the ST segment
depression, the onset of myocardial ischemia,
with the correlation coefficient being lower than
that between the peak VO, and ST segment
depression.

Since the influence of suppressed increase in
cardiac output during exercise on the AT was
ruled out, the mechanism that causes obscure
correlation between the VO, at the AT and the
VO, at ST segment depression may be related
to peripheral oxygen uptake efficiency. Most pa-
tients experienced chest pain during their daily
activities, which also limited the exercise in-
tensity below the level where chest pain occur-
red. Such limitations may be responsible for the
decrease in peripheral oxygen uptake efficiency.
Decrease in peripheral oxygen uptake efficiency,
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according to its degree, lowered the VO at the
AT, therefore, there may be a positive correlation
between the VO, at the AT and the VO, at ST
segment depression, the onset of myocardial
ischemia. Decreased oxygen uptake efficiency
did not recover immediately after PTCA, and
the VO, at the AT did not increase. If the limita-
tions in daily activities are eliminated, the
peripheral oxygen uptake efficiency may im-
prove, and the VO, at the AT may increase in
the long run.

Apparently, the AT is not a sensitive param-
eter for reflecting prompt improvement in my-
ocardial ischemia. However, the VO, at the AT
correlated with the peak VO, before PTCA and
did not change immediately after PT'CA. There-
fore, we can speculate that there is previous ex-
ercise tolerance in patients with ischemic heart
disease even after prompt improvement in my-
ocardial ischemia using the AT. Further inves-
tigations are therefore needed.

In conclusion, in patients with angina pec-
toris, the AT is apparently related to the onset
of myocardial ischemia. However, the AT does
not necessarily reflect prompt improvement in
myocardial ischemia immediately after PTCA.
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AT B0 VO, i3 ST K FE» VO, & 4 IEFHH
L7723, peak VO, 2t L TH o7= (r=0.71,
p<0.002). —7%, ST {& FEE» VO, ix peak VO,
BB LR (r=0.91, p<0.002).

2. PTCA #%, EBRMEEE L, peak VO,
TRKATREO ZEHE LA E MLz (640.1+
212.2 %t 772.9+230.3 sec, p<0.001, 19.1+5.2 %f
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