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    Abstract
Aim: Treatment for patients with severe chronic heart failure (CHF) (NYHA III, ejection fraction (EF) <30%) consists of medical or cardiac device theraphy, or heart transplantation. Cardiac exercise traning (CET) has also been shown to be effective and safe. Even though exercise therapy improves quality of life and exercise capacity, is not commonly used. The determination of the VE/VCO2slope >34 during exercise have been shown to be useful for mortability risk stratification in CHF. This analysis investigated the effects of 3 weeks' cardiac rehabilitation (CR) on exercise parameters and VE/VCO2 slope in CHF patients. Materials and Methods: Data from 35 patients with CHF (age 68 ± 11 years, 3 female, EF 29 ± 7%, maximum oxygen uptake (VO2max) 10.8 ± 2.7 mL/min/kg, NYHA class III, all ischemic heart disease) on optimal medication who underwent CR including aerobic endurance training theraphy combined with low dose local muscle strength for 3 weeks were evaluated retrospectively using 6 -min walking test, echocardiography and exercise testing. Results: All patients showed improvement in NYHA class, improvement in 6-min walking distance (285 ± 113 m to 431 ± 120 m, P < 0.0001), increasing VO2max (10.8 to 12.9 ± 3.2 mL/kg, P < 0.0001) and reduced VE/VCO2-slope (44.8 ± 9 to 37.1 ± 6, P < 0.0001). These was no significant effect on EF (29 ± 8% to 32 ± 11%). Conclusion: CET for 3 weeks in severe CHF is associated with reduced VE/VCO2-slope and improved exercise capacity. Longer and randomized studies are needed to evaluate the role of VE/VCO2-slope in mortality risk stratification during training in CHF.
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    Introduction


    In chronic heart failure (CHF) with reduced or preserved left ventricular (LV) function, reduced exercise capacity with early fatigue and dyspnea is a hallmark in many patients. Main reasons were muscular deconditioning,[bookmark: ft1][1] deficiencies in peripheral blood flow, and skeletal muscle function and morphology.[bookmark: ft2][2]


    Training improves skeletal muscle metabolism, ventilatory control, heart function, autonomic nervous system, and circulation.[bookmark: ft3][3] In Germany, patients with CHF receive 3 weeks' cardiac rehabilitation (CR) at either inpatient or outpatient facilities. These short-term programs have already been shown to influence serum factors involved in ventricular remodeling.[bookmark: ft4][4] To investigate the effects of CR on other parameters, this retrospective analysis of clinical data evaluates the effect of 3 weeks of short-term training in a CR clinic on exercise data and ventilatory patterns measured by cardiac exercise testing (CPX) in patients with severe CHF.


    Materials and Methods


    Patients


    Clinic “Rosenquelle” in Aachen, Germany, is a dedicated inpatient CR clinic. The standard CR program contains of 3 weeks of exercise training, lifestyle recommendations, and psychological advice. Most of the patients are transferred from regional hospitals after the initial workup for CHF (echocardiography to confirm CHF diagnosis and determination of LV function).


    The Rosenquelle database was screened for patients to include in this retrospective analysis. Those included had a LV ejection fraction (LVEF) of <35% and a peak oxygen uptake (VO2 max) <25 mL/min/kg during CPX at the beginning and the end of CR. All patients had been receiving optimized medical therapy based on the European Society of Cardiology guidelines for ≥6 weeks before starting the CR program and had participated in an inpatient rehabilitation program as part of their clinical treatment strategy.[bookmark: ft5][5] Exclusion criteria were acutely decompensated CHF, use of sedatives or inability to undertake exercise tests because of myocardial ischemia, known lung disease, stroke, the presence of severe associated disease, known depression, or psychotic disorders. All analysis was undertaken after patient discharge.


    This retrospective analysis of patient data did not require ethical approval, but all analyses were conducted according to the principles of the Declaration of Helsinki.


    Evaluations


    All patients underwent standard echocardiography, an ergometer-based CPX, and a 6-min walk test (6MWT) as part of their clinical assessment before CR. These evaluations were repeated at the end of the CR program as part of the clinical routine.


    Specifically, LVEF was evaluated using biplane transthoracic echocardiography at the start of training and on the last day at the CR clinic. For the 6MWT, patients were instructed to walk on the floor for 6 minutes; the distance covered was used as a measure of exercise capacity as stated by specific guidelines.[bookmark: ft6][6],[bookmark: ft7][7] The CPX bicycle exercise test was performed as part of routine clinical practice according to specific guidelines before the training program and at the end of CR.[bookmark: ft8][8],[bookmark: ft9][9] Exercise began at 10 W after a 2-min period with no load, followed increments of 10 W/min by ramp protocol. Ventilation per minute, VO2, and carbon dioxide (CO2) production were measured using breath-by-breath gas analysis (Viasys Oxygen, Würzburg, Germany). To exclude significant myocardial ischemia, a 12-lead electrocardiography was continuously recorded and mean blood pressure was measured. The oxygen uptake at the anaerobic threshold (VO2-AT) was determined using the V-slope method. The VO2 max value was defined as the highest value in the terminal phase of exercise.


    Training schedule


    At the rehabilitation clinic, patients performed aerobic endurance training therapy (interval bicycle training at anaerobic threshold which was adapted to CPX at the beginning of the training)[bookmark: ft10][10] 5 times per week for 3 weeks,[bookmark: ft11][11] combined with low-intensity local muscle strengthening exercises.


    Statistical analysis


    The values are medians (95% confidence interval) ± standard deviation or medians and interquartile range. The paired t-test was used to compare the differences before and after training with two-tailed P values. The software SAS (SAS 9.2., SAS Institute Inc., Cary, NC, USA) for Windows was used for statistical analysis.


    Results


    A total of 35 patients were included in the analysis. Baseline characteristics are presented in [Table - 1].
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        	Table 1: Baseline patient characteristics
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    Cardiac function


    The New York Heart Association class improved over 3 weeks of CR [Table - 2]. There was no change in LVEF or effect on body mass index [Table - 2].
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        	Table 2: Body mass index and cardiac function parameters before and after 3 week's cardiac rehabilitation
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    Exercise parameters


    Six-min walk distance (6MWD) improved significantly from baseline to the end of CR therapy [Table - 3]. Significant improvements from baseline were also seen in maximum watts, VO2 max, VO2-AT, minute ventilation/carbon dioxide production (VE/VCO2) slope, and oxygen pulse [Table - 3].
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        	Table 3: Effect of 3 week's cardiac rehabilitation on exercise parameters
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    Discussion


    To the best of our knowledge, this is the first retrospective analysis to show beneficial effects of inpatient CR training after only 3 weeks. Patients in this analysis showed significantly increased 6MWD, maximum workload, and VO2 max and reduced exercise-induced dyspnea compared with baseline after 3 weeks of CR. Furthermore, training was associated with higher VO2-AT and beneficial effects on VE/VCO2 slope, a prognostic marker for CHF mortality.[bookmark: ft12][12] Interval training was chosen as the exercise strategy in this retrospective analysis. It is associated with reverse LV remodeling and VO2 peak increase compared to moderate continuous training.[bookmark: ft13][13]


    Exercise training in CHF is safe and improves health status, exercise capacity, and results in a clinical event reduction.[bookmark: ft10][10],[bookmark: ft14][14],[bookmark: ft15][15] The results of a meta-analysis showed that 6 months of exercise training improved exercise capacity compared with usual care in patients with mild-to-moderate CHF.[bookmark: ft16][16] Exercise training also can improve patients' health-related quality of life.


    However, not all studies have shown exercise to have beneficial effects in CHF. In the randomized controlled HF-ACTION trial [bookmark: ft17][17] after adjustment for highly prognostic predictors of the primary endpoint, exercise training was associated with significant in both all-cause mortality or hospitalization and cardiovascular mortality or heart failure hospitalization.


    Data from a meta-analysis synthesizing the results of different studies determined the effect of aerobic exercise training on prognostic parameters, NT-proBNP levels, and VE/VCO2 slope in 408 patients with systolic CHF.[bookmark: ft18][18] Here, analysis revealed VO2 max and VE/VCO2 slope as significant predictors of cardiac-related mortality and hospitalization. In another retrospective analysis, Sarullo et al. evaluated mortality and hospital admissions in a population of 184 CHF patients over 12 months.[bookmark: ft12][12] CHF patients who died had a lower peak VO2 and steeper VE/VCO2 slope than survivors. Multivariate survival analysis revealed that VE/VCO2 slope added additional value to peak VO2 as an independent prognostic factor.


    Another meta-analysis of randomized controlled trials of exercise-based CR in patients [bookmark: ft19][19] showed that hospital admission, but not mortality, was significantly reduced after CR. In addition, exercise capacity showed a standardized mean difference in favor of the exercise group compared with controls. Thus, it appears that the main effect of exercise training in CHF is due to reduced hospital admissions and improved quality of life. Improvements in these parameters may make an important contribution to continued participation in longer CR programs.


    The findings of the current retrospective analysis are in agreement with the results of the meta-analyses described above. We showed that both VO2 max and VE/VCO2 slope were significantly decreased by 3 weeks of exercise training during CR. Given the importance of VE/VCO2 slope as a prognostic factor in CHF, it is possible that the short-term benefits associated with 3 weeks of CR in this retrospective analysis might be translated into better long-term outcomes for these patients.


    Changes in ventilator parameters during exercise seen in our retrospective analysis were also similar to previous data. McConnell et al.[bookmark: ft1][1] reported that exercise training in CHF improved respiratory muscle endurance and reduced breathlessness. Training had no effect on stroke volume, whereas ventilation and perception of breathing difficulties decreased during exercise.


    The long-term pathophysiologic effects of exercise training in CHF remain unclear. Posttraining reductions in tumor necrosis factor-alpha and interleukin-6 levels have been reported after 5 sessions per week of traditional aerobic or resistance exercise,[bookmark: ft20][20],[bookmark: ft21][21] but additional research is needed to better define the mechanisms by which exercise training as part of CR is beneficial in CHF patients.


    Retrospective analysis limitations


    The most important limitation of retrospective analysis is a lack of randomization to treatment and the absence of a control group. Furthermore, long-term follow-up data on outcomes after CR were not available. However, over the short duration of the analysis, participation of patients in the CR program was monitored and assured. This is in contrast to long-term studies of training in CHF where training is not usually monitored continuously. As a result, poor compliance by participants may contribute to borderline effects on mortality and hospital admission. This was not a problem in our retrospective analysis. Inspiratory muscle capacity is not usually measured during in CR and was not included in this retrospective analysis.


    Conclusion


    The results of this retrospective analysis show that CR has significant short-term beneficial effects on VE/VCO2 slope and exercise capacity in patients with severe CHF. The effects of these early improvements in prognostic factors on long-term outcomes remain to be determined.
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  Table 1: Baseline patient characteristics
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  Table 2: Body mass index and cardiac function parameters before and after 3 week's cardiac rehabilitation
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  Table 3: Effect of 3 week's cardiac rehabilitation on exercise parameters
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Characteristics

Cardiac rehabilitation

(n=35)

Age, years (IQR) 67.9 (56-19)
Female, n (%) 3@
Ischemic etiology, 1 (%) 33 (94)
Diabetes mellitus, n (%) 1437
Coronary astery disease. 7 (%) 33 (94)
Previous myocardial infarction, 7 (% 22(68)
Arial fibrillation or flutter, n (%) 12(32)
Cardiac medication, 1 (%)

ACE inhibitor or ARB 35 (100)

Aldosterone antagonist 24.(64)

Beta-blockers 35 (100)

Loop diuretic 35 (100)

Digoxin 12(32)
Implantable cardioverter-defibrillator 25 (68)

Biventricular ICD 738)

Values are median (IQR) or number of patients (%)
ACE: Angiotensin-converting enzyme, ARB: Angiotensin receptor
blocker, ICD: Implantable cardioverter defibrillator, IQR: Interquartile
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Baseline (n=35)

Cardiac rehabilitation (n=35)

6MWD (m) (IQR)
Maximum workload (W) (IQR)
VO, max (mL/kg/min) (IQR)
VO,-AT (mL/min‘kg) IQR)
40, /dw (IQR)

VE/VCO, slope (IQR)

VT/IC (IQR)

EQO, (AT) IQR)

EQO, (max) (IQR)

EQCO, (AT) (IQR)

VO,HR (IQR)

285 (1708-399.1)
50.9 (35.2-66.5)
108 (8.08-13.5)
8.57(6.5-10.5)
7.92(5.2-10.6)

448 (35.6-54.05)
0.8 (0.34-1.45)
38.6 (27.7-49.5)
442 (33.7-54.9)
39.5 (303-48.7)

7.5 (5.4-9.7)

4307 (311.2-550.3)
65.41 (46.1-84.6)
129 (9.6-16.1)
1036 (8.1-12.5)
9.25 (63-12.1)
37.2(309-43.4)
0.90 (0.37-1.43)
36.7 (32.1-413)
43.6(353-51.8)
38.8 (33.4-44.2)
92(66-11.7)

<0.001
001
001
<0.001
025
<0.001
0.65
0.71
094
0.76
<0.001

Values are median (IQR). 6MWD: 6-min walk distance, O, dw: Delta oxygen consumption/delta workload, EQCO, (AT): Breathing equivalent for carbon
dioxide at anacrobic threshold, EQO, (AT): Breathing equivalent for oxygen at anacrobic threshold, EQO, (max): Breathing equivalent for oxygen at
maximum workload, VO,HR: Oxygen pulse, VE/VCO, slope: Minute ventilation/carbon dioxide production, VO,-AT: Oxygen uptake at the anacrobic

threshold, Vi

‘max: Maximum oxygen consumption, VI/IC: Quotient from tidal volume and inspiratory capacity, W: Watts, IQR: Interquartile range





