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Abstract

Although exercise oscillatory ventilation has emerged as a potent independent risk factor for
adverse prognosis in heart failure, it is not Well—kﬁown whether cardiac rehabilitation can
improve oscillatory ventilation. In this study, we investigated the magnitude of oscillations in
ventilation before and after cardiac rehabilitation in chronic heart failure patients with
exercise oscillatory ventilation. Cardiac rehabilitation (5-month program) was performed in
26 patients with chronic heart failure who showed an oscillatory ventilation pattern during
cardiopulmonary exercise testing (CPX). After the 5-month rehabilitation program was
completed, the patients again underwent CPX. To determine the magnitude of oscillations in
ventilation, the amplitude and cycle length of the oscillations were calculated and compared
with several other parameters, including biomarkers that have established prognostic value in
heart failure. At baseline before cardiac rehabilitation, both oscillation amplitude (R=0.625,
P<0.01) and cycle length (R=0.469, P<0.05) were positively correlated with the slope of
minute ventilation vs. carbon dioxide production. Plasma BNP levels were positively
correlated with amplitude (R=0.615, P<0.01) but not cycle length (R=0.371). Cardiac
rehabilitation decreased oscillation amplitude (P<0.01) but failed to change cycle length. The
change in amplitude was positively correlated with the change in BNP levels (R=0.760,
P<0.01). Multiple regression analysis showed that only the change in amplitude was an
independent predictor of the change in BNP levels (R=0.717, P<0.01). A 5-month cardiac
rehabilitation program improves exercise oscillatory ventilation in chronic heart failure
patients by reducing the oscillation amplitude. This effect is associated with a reduction of

plasma BNP levels, potentially contributing to an improvement of heart failure.
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Introduction

Exercise oscillatory ventilation is characterized by the regular alternation of hyperpnea
and hypopnea during exercise without interposed apnea [1], which distinguished it from other
forms of periodic breathing observed in heart failure patients including Cheyne—Stokés
respiration or central sleep apnea [2-4]. Exercise oscillatory ventilation has been observed in
19-58% of heart failure patients [5-10] and has emerged as a potent independent risk factor
for adverse prognosis in heart failure that is additive to traditional echocardiographic and
metabolic indices of clinical risk [5, 7, 9-12]. Treatment with sildenafil has been reported to
decrease the amplitude and cycle length of oscillatory ventilation [13]. However, there are no
established therapeutic approaches to improve oscillatory ventilation during exercise. In
addition, it has not been elucidated whether interventions that reduce exercise oscillatory
ventilation lead to an improvement of prognosis in heart failure.

Exercise-based cardiac rehabilitation is well-known for its safety and effectiveness to
improve exercise capacity and quality of life in patients with heart failure [14-16]. In addition,
there is evidence that exercise training improves the long-term prognosis of heart failure in
terms of all-cause mortality, cardiovascular mortality and hospitalization [15]. Zurek et al.
[17] reported that exercise training leads to a significant decrease of oscillatory ventilation
and improves ventilatory efficiency in heart failure patients. However, it still remains
uncertain whether cardiac rehabilitation can ameliorate the oscillatory ventilation in heart
failure patients.

In this study, we hypothesized that cardiac rehabilitation can improve exercise
oscillatory ventilation, leading in part to an improvement of prognosis in heart failure patients.

To test our hypothesis, we selected chronic heart failure patients with exercise oscillatory




ventilation from patients who underwent cardiopulmonary exercise testing (CPX), and
enrolled these patients in a 5S-month cardiac rehabilitation program. We investigated changes
in parameters for the magnitude of exercise oscillatory ventilation after cardiac rehabilitation
and compared them with several other parameters, including biomarkers that have established

prognostic value in heart failure.

Methods

Patient selection and study design

We selected patients with chronic heart failure who showed an oscillatory ventilation
pattern during exercise from consecutive outpatients who underwent CPX between January
2008 and December 2013 at Gunma Prefectural Cardiovascular Center. The patients with
exercise oscillatory ventilation were entered into a 5-month cardiac rehabilitation program.
After the rehabilitation program was completed, the patients again underwent CPX.
Echocardiography and blood testing were also performed at baseline before starting
rehabilitation and at follow-up after the rehabilitation program was completed. This study
was approved by the ethics committee of Gunma Prefectural Cardiovascular Center. Written

informed consent was obtained from all patients.

Cardiopulmonary exercise testing

CPX was performed using an upright, calibrated cycle ergometer (CPE2000,
MedGraphics Co., St. Paul, MN, USA) 2-4 h after eating a light meal. The test began with 3
min of rest and 3 min of warm-up at 0 W, followed by a continuously increasing work rate of

1 W every 6 sec until exhaustion. The levels of work-rate increase were chosen on the basis




of ability of the subjects to complete an exercise program lasting between 8 and 15 min [18].
The anaerobic threshold (AT) was determined by the V-slope method [19]. Oxygen uptake
(VO2), carbon dioxide production (VCO2) and minute ventilation (VE) were measured on a
breath-by-breath basis using an aeromonitor (MINATO 300S, Minato Science Co. Ltd.,
Osaka, Japan). The slope of the VE vs. VCO2 relationship was calculated by linear
regression analysis using the values of VE and \‘/COZ. Because the relationship between VE
and VCO2 during the period of incremental exercise exceeded the respiratory compensation
point, the slope of VE vs. VCO2 was calculated below the respiratory compensation point.
The dead space was likely to be the same during the first and second CPX study, because the

same type and size of face mask were used in both studies.

Exercise oscillatory ventilation: definition and magnitude assessment

For the definition of exercise oscillatory ventilation, we chose the criteria described by
Leite et al. [20] as follows: 1) at least three oscillatory fluctuations in VE during warm-up
and exercise; 2) regular oscillations, as defined by a standard deviation of three consecutive
cycle length durations (time between two consecutive nadirs) within 20% of the average; and
3) a minimal average ventilation amplitude of >5 L, defined as peak VE of one oscillation
minus the average of two adjacent nadirs. To determine the magnitude of oscillatory
ventilation, the amplitude of oscillating VE was calculated as the difference between the peak
and nadir of oscillating VE for each of the cycles noted, and then expressed as the mean value.
The cycle length of oscillating VE was also calculated as the interval from the peak to the
following peak of oscillating VE for each of the cycles noted, and then expressed as the mean

value (Fig. 1).




Echocardiography and blood testing

Transthoracic echocardiography was performed with the patients in the left lateral
decubitus position using a Vivid 7 (GE Vingmed Ultrasound AS, Horten, Norway) system.
Left ventricular end-diastolic (LVEDV) and end-systolic (LVESV) volumes were calculated
using the modified Simpson method. Left ventricular ejection fraction (LVEF) was calculated
as (LVEDV-LVESV) x 100/LVEDV (%). Tricuspid regurgitation velocity was measured from
the highest peak velocity obtained with continuous pulsed-wave Doppler through the
tricuspid valve using multiple views. Right ventricular systolic pressure (RVSP) was
calculated from the tricuspid regurgitation velocity and right atrial pressure (estimated by
inspection of the inferior vena cava) using the modified Bernoulli equation. Left ventricular
diastolic transmitral flow was recorded at the mitral valve leaflet in the pulsed-Doppler apical
view. The peak early diastolic flow velocity (E) and early diastolic mitral annular velocity
(E’) were determined, and the E to E' ratio (E/E”) was calculated.

Blood testing included the levels of hemoglobin, creatinine, sodium and potassium,
which were automatically measured. Plasma BNP levels were also measured using a specific
immunoradiometric assay kit (Shionoria BNP kit, Shionogi, Osaka, Japan). BNP levels were
obtained in 18 of the 26 patients before and after cardiac rehabilitation. The assay uses 2
monoclonal antibodies, which recognize the carboxyterminal sequence and ring structure of
human BNP. The minimal detectable quantity of BNP is 2 pg/mL. The intra- and inter-assay

coefficients of variation were 5.3% and 5.9%, respectively.

Cardiac rehabilitation program
Exercise training was performed at the intensity of the AT level [19]. Patients

underwent supervised exercise including both aerobic and resistance training of 30




min/session, which was performed 3 times a week for 5 months, namely, total of 60 sessions.
Our rehabilitation program is a wide and comprehensive program of exercise training that
also includes psychological and nutritional consultation, blood pressure control, blood lipid

control, blood sugar control, smoking cessation and other risk factor modifications.

Statistical analysis

All data are expressed as the meantstandard deviation. The change in parameters was
calculated as the follow-up value as a percent of the baseline value. The significance of
changes in parameters from baseline to follow-up was assessed by the paired t-test. Linear
regression analysis was performed to explore the relationship between two parameters.
Multiple regression analysis was performed for predicting the change in plasma BNP levels

using changes in CPX parameters. A P value < 0.05 was considered significant.

Results

For 6 years, between January 2008 and December 2013, a total of 3933 consecutive
patients underwent CPX. Among them, 26 patients (0.66%) showed an oscillatory ventilation
pattern during exercise testing. Baseline characteristics of these 26 patients are shown in
Table 1. During the 5-month cardiac rehabilitation program, medications were not changed in
any of the 26 patients. Of total 60 sessions rehabilitation program, the frequency of
participation was 23+12 sessions in overall 26 patients.

Table 2 shows the blood test results, echocardiographic findings and CPX parameters

at baseline and after 5 months of cardiac rehabilitation. After the cardiac rehabilitation




program was completed, there was a significant decrease in both plasma BNP levels (P<0.05)
and RVSP (P<0.05). The value of AT significantly increased (P<0.05), the peak VO2 tended
to increase (P=0.05) and the VE VS. VCO2 slope tended to decrease (P=0.08). After the
cardiac rehabilitation program was completed, the oscillatory ventilation pattern during
exercise testing was still remained in all of the 26 patients. For the magnitude of oscillatory
ventilation, however, the oscillation amplitude decreased significantly (P<0.01), while there
was no significant change in the oscillation cycle length. Figure 2 is the representative images
of the changes in VE in a case (66 yr-old male), in whom oscillatory ventilation was
improved. After the cardiac rehabilitation, the oscillation amplitude decreased (17.4 to 10.3
L/min) but the oscillation cycle length did not change (62 to 64 sec).

At baseline, the oscillation amplitude and oscillation cycle length were correlated each
other (R=0.483, P<0.05). Each of the amplitude (R=0.625, P<0.01, Fig. 3A) and cycle length
(R=0.469, P<0.05, Fig. 3B) was positively correlated with the VE Vs. \.7CO2 slope. Plasma
BNP levels were positively correlated with the amplitude (n=18, R=0.615, P<0.01, Fig. 3C)
but not the cycle length (R=0.371, Fig. 3D). After the rehabilitation program was completed,
changes in amplitude and cycle length tended to be correlated each other (R=0.402, P=0.05).
Neither the change in amplitude (n=24, R=0.028, Fig 4A) nor the change in cycle length
(n=24, R=0.250, Fig 4B) was correlated with change in VE Vs. VCOZ slope. The change in
amplitude was positively correlated with the change in BNP levels (n=14, R=0.760, P<0.01,
Fig. 4C). However, the change in cycle length (n=14, R=0.231, Fig 4D) was not correlated
with the change in BNP levels. Multiple regression analysis showed that only the change in
amplitude was an independent predictor of the change in BNP levels (R=0.717, P<0.01, Table
3).

Although the oscillation amplitude decreased significantly in overall assessment of 24
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patients, in whom the data for the amplitude before and after cardiac rehabilitation were
collected, the amplitude decreased in 15 patients but did not in 9 patients in the individual
assessment. When clinical characteristics and parameters were compared between patients
with and without decrease in oscillation amplitude, age, gender, body mass index, basal
diseases, baseline blood test parameters, and baseline echocardiographic parameters were
comparative between both patient groups. However, the change in BNP levels after cardiac
rehabilitation was greater (P<0.05) and the frequency of participation of cardiac rehabilitation

program was higher (P<0.05) in patients with decrease in oscillation amplitude (Table 4).

Discussion

In the present study, we determined relationships between parameters for magnitude of
oscillatory ventilation and other CPX parameters as well as echocardiographic and blood
testing parameters in 26 chronic heart failure patients who showed an oscillatory ventilation
pattern during CPX. These parameters were also compared between the baseline before
cardiac rehabilitation was started and follow-up after it was completed. The major findings of
our results are that baseline oscillation amplitude was positively correlated with VE vs.
VCO2 slope and plasma BNP levels. After a S-month rehabilitation program was completed,
there was a significant decrease in oscillation amplitude but not cycle length, and the plasma
BNP levels also decreased significantly. The change in amplitude was positively correlated
with the change in BNP levels, although it was not correlated with the change in VE vs.
VCOo2 slope. Interestingly, multiple regression analysis indicated that only the change in

amplitude was an independent predictor of the change in BNP levels. In addition, the
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frequency of participation of cardiac rehabilitation was associated with decrease in amplitude,
namely, improved oscillatory ventilation. These findings suggest that our cardiac
rehabilitation program improves exercise oscillatory ventilation in patients with chronic heart
failure, and that this is associated with an improvement of cardiac function. The improvement
in oscillatory ventilation possibly contributes to an improvement in prognosis.

In our study, we enrolled 26 heart failure patients (0.66%) with exercise oscillatory
ventilation in 3933 consecutive patients undergoing CPX, duﬁng long time span such as 6
years. This seems like a lower prevalence rate of exercise oscillatory ventilation, compared
with rates reported in previous studies, in which exercise oscillatory ventilation has been
observed in 19-58% of heart failure patients [5-10]. However, subjects in our study who
underwent CPX were not only heart failure patients but also included patients with coronary
artery disease or peripheral artery disease and post-operative patients. Similarly, Kato et al.
[21] identified 17 patients (0.30%) with this condition among 5634 cardiac patients who
underwent CPX for 5 years.

The mechanisms underlying oscillatory ventilation while patients are awake are
assumed to overlap, at least in part, with those of central sleep apnea. However, reports on the
mechanisms of exercise oscillatory ventilation are limited. Murphy et al. [13] showed that
exercise oscillatory ventilation indicates an inadequate hemodynamic response to exercise in
terms of an impaired increase of cardiac index, increased cardiac filling pressure and
augmented reliance on oxygen extraction. Javaheli et al. [22] also reported that increased
cardiac filling pressures and pulmonary congestion might be implicated as a primary factor in
the pathogenesis of oscillatory ventilation. Pulmonary congestion reduces lung compliance,
which limits the increase in tidal volume with exercise, requiring an increased breathing

frequency to maintain VE [23]. In addition, the stretching of type J pulmonary receptors by
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vascular congestion and interstitial edema stimulates medullary respiratory centers, which
promotes rapid, shallow breathing and heightens chemosensitivity with consequent
hyperventilation and then hypocapnia [24, 25]. Oscillatory ventilation then ensues as the
partial pressure of arterial carbon dioxide (PaCO2) is driven to values near or below the
apnea threshold [26]. As PaCO2 falls, hypoventilation occurs, and subsequently PaCO2 rises.
Then, hyperventilation resumes, thereby completing an oscillatory cycle during exercise. In
our results, oscillation amplitude and oscillation cycle length were correlated each other at
baseline before cardiac rehabilitation was started, and each of the amplitude and cycle length
was positively correlated with VE vs. VCO2 slope, an established index reflecting
cardiopulmonary dysfunction during exercise. On the other hand, Kato et al. [21] reported a
close relationship between the oscillatory cycle length and VE vs. VCO2 slope, but there was
no significant relationship between the amplitude and the VE vs. VCO2 slope. The reason for
these discrepancies is unclear, but it may be due to the severity of heart disease. The mean
peak '\'/'02 (13.6 vs 10.3 ml/kg/min) and VE Vs. VCO2 slope (38.5 vs 45.6) in our present
study and the study by Kato et al. [21] suggests that heart failure severity seems to be a little
lower in our study population. In addition, the amplitude and cycle length during oscillatory
ventilation may be different in their pathophysiological significance. The oscillation cycle
length is strongly related to circulation time. However, the oscillation amplitude might be
determined not only by the circulation time, but also by other factors, including degree of
chemosensitivity and intensity of baroreflex of each subject [21]. Further studies are needed
to clarify the cause of discrepancy. However, it may be certain that exercise oscillatory
ventilation might represent an abnormal ventilatory response to exercise. We also
demonstrated that amplitude but not cycle length during oscillatory ventilation was

significantly correlated with plasma BNP levels at baseline. Since the VE vs. VCO2 slope is
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closely related to cardiac function [27] and the BNP levels can predict prognosis in heart
failure [28, 29], the oscillatory amplitude might be an important parameter in chronic heart
failure patients with exercise oscillatory ventilation.

The most noteworthy finding in our study is that our cardiac rehabilitation program
improved exercise oscillatory ventilation. However, its mechanism cannot be completely
explained. Exercise-based cardiac rehabilitation is safe and cost-effective and has been
established to improve cardiac function, quality of life and long-term prognosis in patients
with ‘chronic heart failure. For chronic heart failure patients, moderate intensity exercise
training for 2-6 months produces a 15-30% increase in peak V02 and AT [30]. These effects
are considered mainly to result from metabolic and functional improvement of skeletal
muscles including respiratory muscles such as the diaphragm and intercostal muscles,
possibly leading to an improvement of exercise oscillatory ventilation via the improvement of
respiratory control mechanisms on the level of ergo- [31] and peripheral chemoreceptors [32].
Contrary to normal subjects, in whom ventilation is triggered via central chemoreceptors, in
chronic heart failure patients, lactate may affect intramuscular ergo-receptors before entering
the circulation in chronic heart failure patients [33]. Lactic acid accumulates locally with
exercise in both the diaphragm [34] and skeletal muscles [33]. This suggests an important
role for local muscular acidosis as a stimulus of ergo-receptors and peripheral chemoreceptor
reflex activation and hyperventilation. By reducing this abnormal metabolic response,
exercise training can suppress the overactive metabolic reflex [31]. On the other hand, in
chronic heart failure patients with pulmonary congestion, there is a redistribution of
pulmonary blood flow from the basal lung region to apical lung region at rest, and this
prevents an increase in upper-zone perfusion during exercise [35]. Exercise training improves

pulmonary blood flow distribution and reduces ventilation/perfusion mismatch, and this
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might be associated with the improvement of exercise oscillatory ventilation. Zurek et al. [17]
first reported that exercise training reversed exercise oscillatory ventilation in heart failure
patients. They found that the change in oscillation amplitude was correlated with the change
in VE Vs. VCO2 slope after exercise training 3 times a week for a period of 3 months. In
contrast, in our study, there was no correlation between the changes in amplitude and VE VS.
VCOZ slope after cardiac rehabilitation therapy, although baseline values of both parameters
were correlated. The reason of discrepancy between the results of Zurek et al.[17] and ours
remains unclear, but it is likely that the amplitude of the oscillatory ventilation is an
independent marker of the benefits of cardiac rehabilitation. We also compared the changes in
oscillatory parameters with those in several other parameters including biomarkers that have
prognostic value in heart failure. We found that the change in oscillation amplitude but not
that in oscillation cycle length was significantly correlated with the change in plasma BNP
levels, suggesting that the amplitude might be more sensitive for improvement of heart failure,
compared with the cycle length. In addition, multiple regression analysis showed that the
only independent predictor of the change in the BNP levels was the change in amplitude, but
not the changes in AT, peak VO2 or VE vs. VCO2 slope. To our knowledge, this is a novel
finding that provides additional insight into the effect of cardiac rehabilitation on the

improvement of exercise oscillatory ventilation.

Study limitations

Our study has several potential limitations. First, this study included a small number of
patients in the cohort, possibly leading to type 2 errors. The discrepant results on the
relationship between oscillatory amplitude and VE vs. VCO2 slope between the study by

Zurek et al. [17] and ours may be due to such an error. Next, this study was a retrospective,
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single-center study. In addition, the data analysis was not blinded. However, the impact of our
cardiac rehabilitation program on the decreased oscillatory amplitude was so pronounced that
these limitations should have little influence on the main findings of the study. In our results,
the value of AT significantly increased after the cardiac rehabilitation. However, it seems hard,
in general, to determine accurate AT levels in cases showing exercise oscillatory ventilation.
So this result may be uncertain. Cardiac rehabilitation program is a comprehensive program
including not only exercise training but also psychological and nutritional consultation, blood
pressure control, blood lipid control, blood sugar control, smoking cessation and other risk
factor modifications. In addition to effects of exercise training, these comprehensive
interventions might lead to ameliorating exercise oscillatory ventilation. However, we cannot
show any data supporting this hypothesis because it is impossible to strictly dissect the effects
of these interventions from those produced by exercise training alone. In this study, rennin
angiotensin system inhibitors such as angiotensin converting enzyme inhibitors or
angiotensin receptor blockers were given in only 65% of the patients, so our study patients
might be undertreated for heart failure in overall. Finally, in this study, we used a criteria
described by Leite et al. [20] for the definition of exercise oscillatory ventilation, which
might result in the exclusion of patients with low-grade oscillations. The optimal cut-off
points for the definition of exercise oscillatory ventilation have yet to be established.
However, our findings indicating the clinical significance of oscillation amplitude in the
study population selected using such a criteria suggest that low-grade oscillations in

ventilation may be less clinically relevant.

Conclusion
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A 5-month cardiac rehabilitation program in chronic heart failure patients improved

exercise oscillatory ventilation by reducing the oscillation amplitude. This effect was

associated with a reduction of plasma BNP levels, potentially contributing to an improvement

of heart failure. In addition, higher frequency participation of cardiac rehabilitation program

might improve exercise oscillatory ventilation and cardiac function.
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Figure legends

Representative data obtained from a patient with chronic heart failure with
oscillatory ventilation. Exercise oscillatory ventilation was defined as follows:
1) at least three oscillatory fluctuations in VE during warm-up and exercise; 2)
regular oscillations, as defined by a standard deviation of three consecutive
cycle length durations within 20% of the average; and 3) a minimal average
ventilation amplitude of >5 L, defined as peak VE of one oscillation minus the
average of two adjacent nadirs. To determine the magnitude of oscillatory
ventilation, the amplitude of oscillating VE was calculated as the difference
between the peak and nadir of oscillating VE for each of the cycles noted, and
then expressed as the mean value. The cycle length of oscillating VE was also
calculated as the interval from the peak to the following peak of oscillating VE
for each of the cycles noted, and then expressed as the mean value. VE=minute

ventilation, VT=tidal ventilation

Representative images of the changes in VE in a case (66 yr-old male), in
whom oscillatory ventilation was improved after the cardiac rehabilitation
program was completed. At baseline before the program was started, the VE
curve showed oscillatory ventilation pattern. The oscillation amplitude was
17.4 L/min and the oscillation cycle length was 62 sec. After the program was
completed, the oscillation pattern still remained. The amplitude decreased (to

10.3 L/min) but the cycle length did not change (to 64 sec).




Figure 3.

Figure 4.
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Relationships between oscillatory parameters (the oscillation amplitude and
oscillation cycle length) and VE-VCO2 slope or BNP Before cardiac
rehabilitation. A & B: Relationships between the oscillation amplitude (A) /
oscillation cycle length (B) and VE-VCO2 slope. C & D: Relationships
between the oscillation amplitude (C) / oscillation cycle length (D) and BNP
levels.

\'7E—\.7CO2 slope = minute ventilation-carbon dioxide production slope,

BNP=brain natriuretic peptide

Relationships between the change in the oscillation parameters (the oscillation
amplitude and oscillation cycle length) and \ofE-\./CO2 slope or BNP levels
after a 5-month cardiac rehabilitation program. A & B: Relationships between
the change in the oscillation parameters (the oscillation amplitude (A) and
oscillation cycle length (B)) and the change in VE-VCOZ slope. C & D:
Relationships between the change in the oscillation parameters (the oscillation
amplitude (C) and oscillation cycle length (D)) and the change in BNP levels.
Note that the change in the amplitude, but not oscillation cycle length, was

positively correlated with the change in BNP levels.




Table | Baseline characteristics of 26 selected patients

Age; yrs 62+16
Male gender; n (%) 24 (92)
Body mass index; kg,/m2 2245
Basal diseases; n (%)
Ischemic heart disease 7(27)
Cardiomyopathy 11 (42)
Valvular heart disease 4 (15)
Hypertensive heart disease 3(12)
Other 14
Complications; n (%)
Hypertention 16 (62)
Diabetes 7 (27)
Dyslipidemia 16 (62)
Chronic kidney disease 16 (62)
Atrial fibrillation 6 (23)
Medications; n (%)
ACE inhibitor/ARB 17 (65)
B blocker 20 (77)
Spironolactone 11 (42)
Loop diuretics 14 (54)

ACE=angiotensin converting enzyme, ARB=angiotensin receptor
blocker




Table 2 Blood test results, echocardiographic findings and CPX
parameters before and after cardiac rehabilitation

Baseline Follow-up P value
Blood test
Hb; mg/dL 14.24+2.1 14.1£2.0 0.604
Cr; mg/dL 1.1£0.3 1.1£0.3 0.925
Na; mEq/L 14143 140+4 0.733
K; mEq/L 4.3+0.4 4.5+0.4 0.271
BNP; pg/mL 967+796 4774336 0.017
Echocardiography
EF; % 31.2+13.5 33.9+16.4 0.285
E/E’ 11.3£5.6 11.6+6.4 0.456
RVSP; mmHg 38.0+14.0 28.0+8.9 0.026
CPX
AT; mL/kg/min 9.6+2.4 11.1£2.6 0.026
PeakV02; mL/kg/min 13.6+3.4 15.5+4.6 0.053
VE vs. VCO2 slope 38.5+£9.4 35.346.3 0.081
Amplitude; L/min 18.6+11.9 12.1+£5.2 0.009
Cycle length; sec 69.8+14.5 77.1£32.1 0.158

CPX=cardiopulmonary exercise testing, Hb=hemoglobin, Cr=creatinine, BNP= brain
natriuretic peptide, EF=ejection fraction, VO2=oxygen uptake, VE= minute ventilation,
VCO2= carbon dioxide production




Table 3 Multiple regression analysis for predicting the change
in BNP levels using changes in CPX parameters

Standard regression

CPX parameters coeffeicient P value
AT; mL/kg/min 0.760 0.151
PeakVO?2; mL/kg/min -0.433 0.268
VE vs. VCO2 slope 0.032 0.9164

Amplitude; L/min 0.717 0.006




Table 4  Comparison of clinical characteristics between patients with and without
decrease in oscillatory amplitude

Decrease No decrease
(n=15) (n=9) P value

Age; yrs 62+16 66+10 0.577
Male gender; n (%) 14 (93) 8 (89) 0.702
Body mass index; kg/m? 2245 24+3 0314
Basal diseases; n (%) 0.261

Ischemic heart disease ~ 3 (20) 3(33)

Cardiomyopathy 5(@33) 4 (44)

Valvular heart disease 5(33) 0 (0)

Hypertensive heart disease 1(7) 2 (23)

Other 1(7) 0 (0)
Blood test

Hb; mg/dL 14.4+1.7 13.44+2.9 0.318

Cr; mg/dL 1.1+£0.3 1.1£0.2 0.985

Na; mEq/L 140+£3 141£3 0.562

K; mEqg/L 4.4+0.3 4.2+0.4 0.081

BNP; pg/mL 1202+919 597+£355 0.118

BNP change; % 47.6+33.4 91.2+38.5 0.047
Echocardiography

EF; % 29.9+13.9 33.4£13.3 0.543

E/E’; 10.6+3.7 12.5+8.0 0.492

RVSP; mmHg 39.1+16.5 36.1£9.2 0.672

Participation of cardiac rehabilitation program; /60 sessions 26.4+12.8 16.2+£9.0 0.048
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