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Exercise oscillatory ventilation (EOV) is a phenomenon characterized by cyclic oscillations in 1 

the ventilatory pattern observed during the cardiopulmonary exercise test (EOV 2 

characteristics: Figure 1S). It is considered an independent predictor for death and adverse 3 

cardiovascular events in chronic heart failure (CHF) patients1. A recent meta-analysis showed 4 

that EOV-positive patients exhibited a worse peak oxygen uptake (VO2PEAK) and ventilatory 5 

efficiency (VE/VCO2 slope)2. Although the EOV pathophysiology is not fully understood, 6 

current evidence suggests that circulatory delay, pulmonary congestion, high 7 

chemosensitivity, and exacerbated ergoreflex signalling are the main triggering factors1, 3.  8 

Several treatments were investigated to alleviate EOV symptomatology and thereby improve 9 

the patient’s prognosis (e.g., adaptive servo-ventilation, phosphodiesterase 5 inhibition, 10 

exercise training and levosimendan infusion). Although the evidence regarding exercise 11 

training as EOV treatment is limited, there is also no effective pharmacological treatment for 12 

EOV. Thus, targeting EOV by exercise intervention is highly relevant. This systematic review 13 

aims to verify the exercise training effect on EOV reversal, and other prognostic factors in 14 

CHF patients and EOV coexistence. 15 

This study followed the recommendations of the PRISMA statement and was registered at 16 

PROSPERO: CRD42021254587. The search was performed in several databases from 17 

inception to 30th July 2021, with no language restriction. Inclusion criteria followed the 18 

PICOT question: (P) EOV patients; (I) exercise training; (C) pre-training values in EOV 19 

group – single arm; (O) EOV reversal [primary], VO2PEAK and VE/VCO2 slope [secondary]; 20 

and (T) clinical trial – randomized, non-randomized, or uncontrolled trials. Full methods’ 21 

description is available as supplementary material. 22 

Nine potentially eligible studies were identified, and three trials met the eligibility criteria 23 

(PRISMA flowchart; Figure 2S). Zurek et al.4 assessed two non-randomized groups 24 

composed of EOV-positive patients (intervention and control group). Panagopoulou et al.5 25 

analysed two groups who performed the exercise training (EOV-positive and EOV-negative; 26 

uncontrolled trial), and Yamauchi et al.6 evaluated a single group (uncontrolled trial). Only 27 

data referring to the EOV-positive intervention groups were analyzed. The characteristics of 28 

the included studies and the methodological quality are shown in Table S1 and S2, 29 

respectively.  30 

All studies (Table 1) included aerobic exercise three times per week: 30 or 40-min of cycling 31 

at the anaerobic threshold5, 6, or 45-min cycling at 60-80% of VO2PEAK (twice daily)4. One 32 

study analysed two protocols5, 40-min of high-intensity interval training (HIIT) on a cycle 33 

ergometer or 20-min of HIIT plus four resistance exercises (3-sets of 10 to 12 repetitions at 55 34 

to 65% of 2-RM). Besides, resistance training was proposed in the other two studies (3 to 4-35 
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exercises)4, 6. These protocols agree with current guidelines for cardiovascular rehabilitation 1 

of CHF patients7. No study reported adverse events, major complications, or sample loss 2 

during the follow-up. 3 

 4 

INSERT TABLE 1 5 

 6 

VO2PEAK and VE/VCO2 slope values were available in three trials4-6 (98 patients), and EOV 7 

reversal in two trials (72 patients)4, 5. A random-effects model with a 95% confidence interval 8 

(95% CI) was applied to assess the relative likelihood for EOV reversal, as well as to measure 9 

the exercise effect on VO2PEAK and VE/VCO2 slope [standardized mean difference (SMD)]. 10 

The mean difference (MD) analysis was also performed. The meta-analysis (Figure 1) showed 11 

a moderate effect on VO2PEAK (SMD 0.43 [0.15, 0.71]; p=0.003), and VE/VCO2 slope (SMD -12 

0.44 [-0.72, -0.15]; p=0.003), beyond a relevant EOV reversal (RR 0.30 [0.21, 0.43]; 13 

p<0.001). No heterogeneity in EOV reversal, VE/VCO2 slope and VO2PEAK were observed 14 

(p>0.05). In summary, exercise training was effective in reversing EOV, as well as improving 15 

aerobic capacity and ventilatory efficiency. 16 

 17 

INSERT FIGURE 1 18 

 19 

The main finding of this review was an EOV reversal near to 70% of the patient cases after a 20 

6-month exercise-training program. Aerobic power and ventilatory efficiency were also 21 

improved. Exercise training stimulates mitochondrial biogenesis, hereby optimizing oxidative 22 

metabolism in peripheral muscles, as well improving endothelial function and neural control 23 

of breathing pathways5. This may explain the observed improvement in cardiorespiratory 24 

function. 25 

Three factors seem to have a pivotal role in EOV pathophysiology: (1) hyperventilation, (2) 26 

circulatory delay (lower cardiac output), and (3) CO2 cerebrovascular reactivity1. 27 

Hyperventilation is related to sympathetic hyperactivity and leads to a significant PaCO2 28 

reduction below the respiratory threshold. A pause in the central impulses to respiratory 29 

muscles occurs, stopping respiratory movements, followed by a PaCO2 increase and another 30 

hyperventilation period. This instability would be further potentiated by circulatory delay and 31 

cerebrovascular reactivity to CO2 impairment, which contributes to the ventilatory central 32 

control misalignment1. 33 
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EOV reversal could be promoted by two opposite groups of mechanisms, i.e., by 1 

hyperventilation further increase or by hyperventilation mitigation. The former has been 2 

demonstrated by the disappearance of EOV if external dead space is added8 or if patients 3 

breathe a gas mixture with added CO2
9. On the other hand, hyperventilation mitigation is 4 

possible through an improved oxygen delivery to the working muscles, which inhibits 5 

metabolites’ accumulation10, a potential trigger to EOV due to intramuscular ergo-receptors 6 

impairment6. Besides that, exercise training provides improvements in PaCO2 and PaO2 7 

chemosensitivity and in circulatory time5, which potentiate the attenuation of the ventilatory 8 

drive instability. 9 

Indeed, patients with Cheyne-Stokes respiration exhibit a longer circulation time between 10 

lung and chemoreceptors than those without Cheyne-Stokes respiration11. This study also 11 

suggested that the interaction between chemoreflex gain (change in minute ventilation/change 12 

in end-tidal CO2 partial pressure ratio) and the plant gain (variance in end-tidal CO2 partial 13 

pressure/variance in minute ventilation ratio) may stimulate growing cycles of oscillation 14 

(main EOV feature), with plant gain predicting the severity of Cheyne-Stokes respiration at 15 

daytime and a combination of chemoreflex gain and plant gain at night. 16 

Another factor that corroborates to EOV reversal is the ventilatory efficiency improvement. 17 

Similar to VO2PEAK, the factors responsible for this improvement have not been elucidated yet 18 

in EOV-positive patients. However, Guazzi et al.12 showed that exercise training increases 19 

lung diffusion capacity and alveolar-capillary conductance, softening the pulmonary pressure 20 

gradients, providing an improvement in ventilatory efficiency. Nevertheless, greater oxygen 21 

delivery to the peripheral muscles would imply a reduction in respiratory work (less 22 

hyperventilation)1.   23 

The present analysis has some limitations. Firstly, criteria for VE/VCO2 slope definitions are 24 

possibly different among studies. Secondly, EOV may be present during the entire exercise or 25 

may be limited to the first part of the test. This condition also can have influenced the 26 

identification of the VE/VCO2 slope and VO2peak.  27 

In conclusion, exercise training is effective for (partly) reversing EOV and improving aerobic 28 

capacity (VO2PEAK) and ventilatory efficiency (VE/VCO2 slope). However, no study evaluated 29 

whether the EOV reappeared after detraining.  30 
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Figure legends 

 

Figure 1. Forest plot of relative risk to (A) EOV reversal, mean difference on (B) VE/VCO2 

slope, and (C) VO2PEAK (mL.kg-1.min-1) in CHF patients with EOV. 

 

 

  



8 

Supplementary material 

 

Material and methods 

 

Study design 

This systematic review followed the recommendations of the PRISMA statement1 and was 

formerly registered on PROSPERO: CRD42021254587. 

 

Eligibility criteria 

The following PICOT was adopted: (P) EOV patients; (I) exercise training; (C) pre-training 

values in EOV group – single arm; (O) EOV reversal, VO2PEAK, or VE/VCO2 slope; and (T) 

clinical trial – randomized, non-randomized, or uncontrolled trials. No language restriction 

was applied. Conference abstract, editorials, case reports, and reviews were excluded. 

 

Data sources and search strategy 

Standardized terms were used to perform a high-sensibility search in different databases 

(PubMed, Embase, Scopus, Web of Knowledge, PEDro, Cochrane Library, and Lilacs) on 

30th July 2021. The main terms used were “heart failure”, “exercise oscillatory ventilation”, 

“therapeutics”, “rehabilitation”, “physical therapy”, “exercise”, and similar terms.  

 

• Biblioteca Virtual em Saúde: ((tw:(heart failure)) AND (tw:(oscillatory ventilation)) OR 

(tw:(periodic breathing)) AND (tw:(exercise)) OR (tw:(rehabilitation))) AND 

(db:("IBECS" OR "LILACS")). 

• Cochrane Central: ("oscillatory ventilation" OR "periodic breathing") AND ("heart 

failure") AND ("exercise" OR "revers*" OR "rehab*"). 

• Embase: (('heart disease'/exp OR 'heart failure'/exp) AND ('exercise'/exp OR 

'rehabilitation'/exp) AND ('oscillatory ventilation' OR 'periodic breathing'/exp)). 

• PEDro Databases: #1 Search: (“periodic breathing”); #2 Search: (“oscillatory 

ventilation”). 

• PubMed: (heart failure[tiab] OR heart failure[mh]) AND (“oscillatory ventilation”[tiab]  

OR “periodic breathing”[tiab]  OR “oscillatory breathing”[tiab]) AND (“exercise” OR 

“rehabilitation” OR “physical therapy modalities” OR “therapeutics” OR “revers$”). 

• Scopus: TITLE-ABS-KEY ("oscillatory ventilation" OR "periodic breathing") AND 

TITLE-ABS-KEY (exercise OR "rehabilitation" OR "physical therapy modalities" OR 
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"therapeutics" OR "cardiac rehabilitation") AND TITLE-ABS-KEY ("heart failure" OR 

"cardiac heart failure"). 

• Web of Science: ((TS=("heart failure" OR "cardiac heart failure")) AND TS=("oscillatory 

ventilation" OR "periodic breathing")) AND TS=(exercise OR "rehabilitation" OR 

"physical therapy modalities" OR "therapeutics" OR "revers$" OR "cardiac 

rehabilitation"). 

 

Study selection 

Two reviewers (GR and CC) assessed independently the titles and the abstracts. The 

screening was carried out in a references management’s software (EndNote X7, Thomson 

Reuters, US). All potentially eligible studies were read in full. Disagreements were resolved 

by the third author (PL). The κ coefficient was used to measure the agreement level2.  

 

Data extraction 

This process was done independently by two authors (GR and CC). The extracted data were: 

1) study design; 2) country; 3) EOV criteria; 4) sample size; 5) baseline characteristics; 6) 

exercise protocol; and 7) outcomes. EOV reversal was the primary outcome. Were considered 

as secondary outcomes any cardiopulmonary, hemodynamic, metabolic, or functional 

measures as VO2PEAK, VE/VCO2 slope, left ventricular ejection fraction, EOV parameters 

(amplitude, cycle length, and duration), workload and/or inflammatory markers. The authors 

provided a narrative synthesis describing the exercise protocol, population characteristics, and 

the main outcomes. 

 

Methodological quality assessment 

TESTEX scale was applied to assess the methodological quality of the included studies. This 

tool was developed to review the exercise training studies3, assigning 5-point for study quality 

and 10-point for study reporting. All analysis was done in duplicate (GR and MK) and 

disagreements were resolved by a third author (DH).  

  

Data analysis 

The random-effect model was applied using the standardized mean difference (SMD) with a 

95% confidence interval (95% CI) to measure the exercise effect on VO2PEAK and VE/VCO2 

slope in CHF patients with EOV. An SMD value higher than 0.5 indicated a moderate effect 

size and higher than 0.8 indicated a large effect size2. Subsequently, a mean difference (MD) 

analysis was also performed. In addition, a random-effect model was applied with 95% CI to 

assess the relative risk (RR) from EOV reversal. Values above or near 50% of the statistical I² 
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were indicative of heterogeneity2. Forest plots summarize the results. All analyses were done 

in RStudio software (RStudio Inc., Boston, US). 

 

1. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated 

guideline for reporting systematic reviews. BMJ 2021; 372: n71. DOI: 10.1136/bmj.n71. 

 

2. Ribeiro GS, Melo RD, Deresz LF, et al. Cardiac rehabilitation programme after 

transcatheter aortic valve implantation versus surgical aortic valve replacement: 

Systematic review and meta-analysis. Eur J Prev Cardiol 2017; 24: 688-697. 2017/01/11. 

DOI: 10.1177/2047487316686442. 

 

3. Smart NA, Waldron M, Ismail H, et al. Validation of a new tool for the assessment of 

study quality and reporting in exercise training studies: TESTEX. Int J Evid-Based 

Health 2015; 13: 9-18. DOI: 10.1097/xeb.0000000000000020. 
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Figure 1S. EOV characteristics in a patient undergoing cardiopulmonary exercise testing. VE, 

minute ventilation. h, amplitude. λ, cycle length. ∆t, duration. CPX, cardiopulmonary exercise 

test.  
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Figure 2S. PRISMA flowchart. EOV, exercise oscillatory ventilation. CPX, cardiopulmonary 

exercise test. 
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Table 1S Characteristics of the included studies 

Authors (years) Panagopoulou (2017) Yamauchi (2016) Zurek (2012) 

Country Greece Japan Switzerland/Italy  

EOV criteria Corrà (2002) Leite (2003) Leite (2003) 

Sample size, n 20 26 52 

Age, years 54 ± 12 62 ± 16  58 ± 10 

Gender, male 17 (85) 24 (92) 47 (90) 

BMI, kg.m² 26.4 ± 3.9 22 ± 5 26.1 ± 4.6 

LVEF, % 32 ± 11 31 ± 13 27 ± 9 

Ischemic heart disease 8 (40) 7 (27) 22 (42) 

Comorbidities    
Hypertension NA 16 (62) NA 

Diabetes NA 7 (27) NA 

Dyslipidaemia NA 16 (62) NA 

Chronic kidney disease NA 16 (62) NA 

Atrial fibrillation NA 6 (23) 13 (25) 

Medication   
 

ACE inhibitors/ARB 16 (80) 17 (65) 52 (100) 

β-blockers 17 (85) 20 (77) 47 (90) 

Diuretics 18 (90) 25 (96) 42 (81) 

EOV, exercise oscillatory ventilation. BMI, body mass index. LVEF, left ventricular eject 

fraction. NA, not available. ACE, angiotensin-converting enzyme. ARB, angiotensin 

receptor blocker. Data are expressed as means ± SD or n (%). 
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Table 2S Testex scale for quality assessment 

 Criteria 

Author (year) 

Quality bias Reporting bias 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total 

Panagopoulou (2017) 1 1 NR 1 NR 1 NR NR 1 1 1 1 NR NR 1 9 

Yamauchi (2016) 1 NR NR NR 1 1 NR 1 1 1 1 1 1 NR 1 10 

Zurek (2012) 1 NR NR 1 NR 1 NR NR 1 1 1 1 1 NR 1 9 

Quality bias: (1) eligibility criteria specified; (2) randomization method; (3) allocation concealment; (4) groups similar at baseline; and (5) blinded 

assessor. Reporting bias: (6) study withdrawals reported; (7) adverse events reported; (8) session attendance reported; (9) intention-to-treat analysis; 

(10) between-group primary analysis; (11) between-group secondary analysis; (12) point measures for all outcomes; (13) activity monitoring controls; 

(14) relative exercise intensity adjusted; and (15) exercise energy expenditure information reported. NR, not reported. 
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Table 1 Characteristics of treatments and main findings 

Study (year) Treatment Frequency Intensity Main findings 

Panagopoulou 

2017 

40-min of HIIT (30-sec of effort 

follow 60-sec of passive rest) on 

cycle ergometers or 20-min of 

HIIT protocol plus four resistance 

exercises: leg extension, leg curls, 

arm curls, and lateral arm 

abduction (3-sets of 10 to 12 

repetitions) 

3-times per 

week (36 

sessions) 

AT: >100% of VO2PEAK 

RT: 55 to 65% of 2-RM 

Improvement of cardiopulmonary efficiency 

and functional capacity, besides reducing 

the EOV duration. EOV disappeared in 70% 

of the cases.  

Yamauchi 

2016 

30-min of aerobic training plus 

resistance training 

3-times per 

week (60 

sessions) 

Anaerobic threshold level A 5-month cardiac rehabilitation program 

reduces 51% plasma BNP levels and 35% 

EOV amplitude. There were correlations 

between EOV amplitude and BNP levels 

(r=0.615), and EOV amplitude and 

VE/VCO2 slope (r=0.625). 

Zurek 2012 45-min twice day of aerobic 

training performed on a cycle 

ergometer and callisthenic 

exercises. 

3-times per 

week (36 

sessions) 

AT: 60-80% of VO2PEAK EOV disappeared in 71.2% out of patients 

after training; ventilatory efficiency 

(VE/VCO2 slope) and the central 

hemodynamic during exercise (PETCO2 at 

RCP) were improved. 
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AT, aerobic training. BNP, B-type natriuretic peptide. EOV, exercise oscillatory ventilation. HIIT, high-intensity interval training. PETCO2, 

partial pressure of end-tidal carbon dioxide. RCP, respiratory compensation point. RT, resistance training. VE/VCO2 slope, minute ventilation-

carbon dioxide production slope. VO2PEAK, peak oxygen uptake. 2-RM, 2-repetition maximum. 
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Figure 1. Forest plot of likelihood to improve EOV (A), and mean difference on VE/VCO2 

slope (B), and VO2PEAK (mL.kg-1.min-1) (C) in CHF patients with EOV. 


