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Ventilatory efficiency is affected by left ventricular
diastolic dysfunction without left ventricular

ejection fraction

About the study

In the past, the cause of heart failure was considered left ventricular systolic dysfunction,
however, left ventricular diastolic dysfunction has also attracted attention of the
causes of heart failure [1]. Left ventricular diastolic dysfunction is usually assessed
in patients with Heart Failure with Preserved Ejection Fraction (HFpEF). HFpEF
has been shown a similar mortality rate, compared to Heart Failure with Reduced
Ejection Fraction (HFrEF) [2]. It is important to understand both the pathophysiology
and the treatment of HFpEE HFpEF also shows high rates of underlying diseases
including hypertension, diabetes mellitus, and Chronic Obstructive Pulmonary
Disease (COPD) and non-cardiovascular death [3]. The mechanism of left ventricular
diastolic dysfunction is suggested multiple complicated factors. The cardiomyopathy
by amyloidosis, hemochromatosis, and sarcoidosis deposits protein or otherwise in the
myocardium and stiffens heart and cause left ventricular diastolic dysfunction. COPD
occurs lung hyperinflation, increasing pulmonary vascular resistance, increasing right
ventricular pressure, mechanical interaction to left ventricle, and causes left ventricular
diastolic dysfunction [4]. Calcium handling, fibrosis, inflammation, nitric oxide, and

oxidative stress are also considered the cause of left ventricular diastolic dysfunction.

Ventilatory inefliciency predicts prognosis in heart failure [5]. Ventilatory inefficiency
is also detected the patients with hypertension without heart failure and is at risk of
developing future heart failure [6]. Ventilatory efficiency depends on lung diffusing
capacity [7], caused by alveolar-capillary membrane conductance [8], lung fluid and
vascular stiffness [9], pulmonary capillary hydrostatic pressure, and left arterial pressure
[10]. Left ventricular diastolic dysfunction increases cardiac filling pressure and limits
cardiac output [11]. It is considered that left ventricular diastolic dysfunction occurs

ventilatory inefficiency.

Cardiopulmonary Exercise Test (CPET) is a stress examination with using expiratory
gas analysis and detects anaerobic threshold, exercise tolerance, cardiac function, and
lung function in clinical setting [12,13]. CPET detects ventilatory volume including
tidal volume, respiratory rate, Ventilatory Equivalents (VE) and ventilatory efliciency
including VE/Oxygen uptake (VE/VO,), VE/Carbon Dioxide output (VE/VCO,),
end-tidal oxygen, and end-tidal carbon dioxide. Lung function is important for
understanding the pathophysiology of heart failure. During CPET, some patients
with heart failure increase ventilatory equivalents due to high ventilation/perfusion
mismatching [14]. HFpEF has been reported the impairment of ventilatory efficiency

during exercise [15].

Left ventricular diastolic dysfunction exists HFrEE, in addition to HFpEF [16].
The study about ventilatory inefficiency in patients with left ventricular diastolic

dysfunction during CPET, regardless of Left Ventricular Ejection Fraction (LVEF),
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was reported [17]. In chis study, 294 cardiovascular disease
patients were divided into Grade I and Grade II/1I1 left ventricular
diastolic dysfunction groups by a national consensus and the
groups adjusted age, gender, body mass index, smoking, and
LVEF by propensity score matching. High left ventricular diastolic
dysfunction group showed significantly high VE/VO, and VE/
VCO, during all periods. High VE/VO, and VE/VCO, indicate
impairment of ventilatory efficiency, because it suggests that more
ventilation requires for oxygen uptake or carbon dioxide output.
The report showed that left ventricular diastolic dysfunction,
regardless of LVEE, impairs ventilatory efficiency during CPET.
Although, high left ventricular diastolic dysfunction group did not
show significant differences in the markers of ventilatory volume
including tidal volume, respiratory rate, and VE, it might be
affected lower rate of COPD.

Conclusion

HFpEF has been shown the impairment of ventilatory efficiency.
Left ventricular diastolic dysfunction, regardless of LVEE also
showed impairment of ventilatory efficiency during CPET. The
pathophysiology of heart failure without LVEF would also be
important for understanding patient’s pathological condition and

prognosis.

References

1. Plicc GD, Spring JT, Moulton M]J, et al. Mechanisms, diagnosis, and
treatment of heart failure with preserved ejection fraction and diastolic

dysfunction. Expert Rev Cardiovasc Ther. 16(8):579-589 (2018).

2. Lam CS, Donal E, Kraigher-Krainer E, et al. Epidemiology and clinical
course of heart failure with preserved ejection fraction. Eur J Heart Fail.
13(1):18-28 (2018).

3. Upadhya B, Kitzman DW. Heart failure with preserved ejection fraction in
older adults. Heart Fail Clin.13(3):485-502 (2017).

4. Xu S, Gu Z, Zhu W, et al. Association of COPD with adverse outcomes
in heart failure patients with preserved ejection fraction. ESC Heart Fail.
(2024).

10.

11.

12.

13.
14.

16.

17.

Gong J, Castro RRT, Caron JP, et al. Usefulness of ventilatory inefficiency
in predicting prognosis across the heart failure spectrum. ESC Heart Fail.

9(1):293-302 (2022).

Hope K, Chant B, Hinton T, et al. Ventilatory efficiency is reduced in people
with hypertension during exercise. ] Am Heart Assoc. 12(13):¢024335
(2023).

Reddy YNV, Obokata M, Wiley B, et al. The haemodynamic basis of lung
congestion during exercise in heart failure with preserved ejection fraction.

Eur Heart J. 40(45):3721-3730 (2019).

Olson TP, Johnson BD, Borlaug BA, et al. Impaired pulmonary diffusion in
heart failure with preserved ejection fraction. JACC Heart Fail. 4(6):490-498
(2016).

Adir Y, Humbert M, Sitbon O, et al. Out-of-proportion pulmonary
hypertension and heart failure with preserved ejection fraction. Respiration.

85(6):471-477 (2013).

Mancini DM. Pulmonary factors limiting exercise capacity in patients with
heart failure. Prog Cardiovasc Dis. 37(6):347-370 (1995).

Nayor M, Houstis NE, Namasivayam M, et al. Impaired exercise tolerance in
heart failure with preserved ejection fraction: Quantification of multiorgan
system reserve capacity. JACC Heart Fail. 8(8):605-617 (2020).

Wasserman K, Stringer WW, Casaburi R, et al. Determination of the anaerobic
threshold by gas exchange: Biochemical considerations, methodology and

physiological effects. Z Kardiol. 83(Suppl 3):1-12 (1994).
Adachi H. Cardiopulmonary exercise test. Int Heart J. 58(5):654-665 (2017).

Wasserman K, Zhang YY, Gitt A, et al. Lung function and exercise gas
exchange in chronic heart failure. Circulation. 96(7):2221-2227 (1997).

Smith JR, Borlaug BA, Olson TP, et al. Exercise ventilatory efficiency in older
and younger heart failure patients with preserved ejection fraction. J Card
Fail. 25(4):278-285 (2019).

Nagueh SE Smiseth OA, Appleton CP, et al. Recommendations for the
evaluation of left ventricular diastolic function by echocardiography: An
update from the American Society of Echocardiography and the European
Association of Cardiovascular Imaging. ] Am Soc Echocardiogr. 29(4):277-
314 (2016).

Inada Y, Suematsu Y, Matsuda T, et al. Effect of left ventricular diastolic
dysfunction on the cardiopulmonary exercise test in patients with
cardiovascular disease. Am J Cardiol. 222:157-164 (2024).

604 Interv. Cardiol. (2024) 16,523: 603-604


https://www.tandfonline.com/doi/abs/10.1080/14779072.2018.1497485
https://www.tandfonline.com/doi/abs/10.1080/14779072.2018.1497485
https://www.tandfonline.com/doi/abs/10.1080/14779072.2018.1497485
https://onlinelibrary.wiley.com/doi/abs/10.1093/eurjhf/hfq121
https://onlinelibrary.wiley.com/doi/abs/10.1093/eurjhf/hfq121
https://www.taylorfrancis.com/chapters/edit/10.1201/9781315151311-22/heart-failure-preserved-ejection-fraction-older-adults-bharathi-upadhya-dalane-kitzman
https://www.taylorfrancis.com/chapters/edit/10.1201/9781315151311-22/heart-failure-preserved-ejection-fraction-older-adults-bharathi-upadhya-dalane-kitzman
https://onlinelibrary.wiley.com/doi/full/10.1002/ehf2.14958
https://onlinelibrary.wiley.com/doi/full/10.1002/ehf2.14958
https://onlinelibrary.wiley.com/doi/full/10.1002/ehf2.13761
https://onlinelibrary.wiley.com/doi/full/10.1002/ehf2.13761
https://www.ahajournals.org/doi/full/10.1161/JAHA.121.024335
https://www.ahajournals.org/doi/full/10.1161/JAHA.121.024335
https://academic.oup.com/crawlprevention/governor?content=%2feurheartj%2farticle-abstract%2f40%2f45%2f3721%2f5586988
https://academic.oup.com/crawlprevention/governor?content=%2feurheartj%2farticle-abstract%2f40%2f45%2f3721%2f5586988
https://www.jacc.org/doi/abs/10.1016/j.jchf.2016.03.001
https://www.jacc.org/doi/abs/10.1016/j.jchf.2016.03.001
https://academic.oup.com/crawlprevention/governor?content=%2feurheartj%2farticle%2f38%2f38%2f2869%2f2736258
https://academic.oup.com/crawlprevention/governor?content=%2feurheartj%2farticle%2f38%2f38%2f2869%2f2736258
https://www.sciencedirect.com/science/article/pii/S0033062005800180
https://www.sciencedirect.com/science/article/pii/S0033062005800180
https://www.jacc.org/doi/abs/10.1016/j.jchf.2020.03.008
https://www.jacc.org/doi/abs/10.1016/j.jchf.2020.03.008
https://www.jacc.org/doi/abs/10.1016/j.jchf.2020.03.008
https://www.semanticscholar.org/paper/Determination-of-the-anaerobic-threshold-by-gas-and-Wasserman-Stringer/d8d0657456f113f64cf6c75dc9e68889912dea67
https://www.semanticscholar.org/paper/Determination-of-the-anaerobic-threshold-by-gas-and-Wasserman-Stringer/d8d0657456f113f64cf6c75dc9e68889912dea67
https://www.semanticscholar.org/paper/Determination-of-the-anaerobic-threshold-by-gas-and-Wasserman-Stringer/d8d0657456f113f64cf6c75dc9e68889912dea67
https://www.jstage.jst.go.jp/article/ihj/58/5/58_17-264/_article/-char/ja/
https://www.ahajournals.org/doi/full/10.1161/01.CIR.96.7.2221
https://www.ahajournals.org/doi/full/10.1161/01.CIR.96.7.2221
https://www.sciencedirect.com/science/article/abs/pii/S1071916418309527
https://www.sciencedirect.com/science/article/abs/pii/S1071916418309527
https://academic.oup.com/crawlprevention/governor?content=%2fehjcimaging%2farticle-abstract%2f17%2f12%2f1321%2f2680072
https://academic.oup.com/crawlprevention/governor?content=%2fehjcimaging%2farticle-abstract%2f17%2f12%2f1321%2f2680072
https://academic.oup.com/crawlprevention/governor?content=%2fehjcimaging%2farticle-abstract%2f17%2f12%2f1321%2f2680072
https://academic.oup.com/crawlprevention/governor?content=%2fehjcimaging%2farticle-abstract%2f17%2f12%2f1321%2f2680072
https://www.sciencedirect.com/science/article/abs/pii/S0002914924003369
https://www.sciencedirect.com/science/article/abs/pii/S0002914924003369
https://www.sciencedirect.com/science/article/abs/pii/S0002914924003369

