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Treating exercise oscillatory ventilation in heart failure:

the detail that may matter
Marco Guazzi

O
ver the last 15 yrs, cardiologists have had to face a
progressive recognition that abnormalities in the venti-
latory response to exercise are relevant features of the

heart failure syndrome [1]. Prior pathophysiology studies have
defined the mechanistic role of the lung (impaired perfusion and
increased minute ventilation (V9E)) [2] and of the periphery (in-
creased chemo/metaboreflex sensitivity) [3] as determinants of
the inefficient ventilatory response and early exercise termination.

A wealth of literature has indeed brought evidence that,
whatever the predominant substrate, the increase in V9E relative
to carbon dioxide production (V9CO2), primarily measured as the
slope of this relationship, is a powerful indicator of disease
severity [1, 4] that extends beyond peak oxygen uptake (V9O2),
since its prognostic power is retained even when peak V9O2

is near the normal range [5]. The consistency of these observa-
tions has substantially contributed to broadening the use of
exercise gas exchange analysis for the clinical assessment and
estimation of prognosis for the wide spectrum of heart failure
populations [6].

As ventilation inefficiency has become an established matter
of interest for heart failure specialists, further details have
emerged as part of the picture, the most remarkable being
exertional oscillatory ventilation (EOV) [7–12], a phenomenon
originally described as anecdotal [13–15], and now considered a
marker of disease severity even stronger than V9E/V9CO2 slope
itself [7–12]. EOV is a cyclic fluctuation of V9E and expired gas
kinetics occurring in approximately 20–30% of heart failure
populations [4]. In contrast to the periodic oscillation observed
in Cheyne–Stokes respiration and central sleep apnoea, the
gradual increase and decrease in V9E are not spaced by periods
of apnoea. The source of this ventilatory abnormality is still
controversial, but its clinical significance is clear [16].

Among the multiple criteria proposed for EOV definition [7, 8,
10, 12], recent consensus statements [6] have adopted the
simplest and perhaps most comprehensive one (oscillatory
wave amplitude o15% of resting average V9E and cycle
duration of o60% of exercise).

This definition actually covers a wide range of oscillatory
patterns and may explain why, although initial evidence
tightly linked this phenomenon to advanced heart failure [13–
15], a similar EOV prevalence has been confirmed in patients
with mild heart failure [11] and in heart failure with preserved
ejection fraction [10]. Notably, since risk prediction is strong
even when V9E fluctuations are less severe, it may be inferred
that the pathophysiology underlying this phenomenon is of
special relevance, making EOV a contributor rather than a
surrogate marker of the disease. Current views suggest that
major pathways responsible for EOV include a demodulation
of neural feedback due to augmented chemoreflex sensitivity
[17] and a narrow difference between the eupnoeic carbon
dioxide tension and apnoeic/hypoventilatory threshold [18].
The evidence for unstable neural control well supports the
observation that EOV, and not V9E/V9CO2 slope and peak V9O2

predicts arrhythmic cardiac death [9]. Other proposed patho-
genetic mechanisms include a prolonged circulatory time with
failure of cardiac output to adequately increase and causing
some delay in information transfer [14, 19]. In the most severe
cases, EOV is also invariably related to increased pulmonary
vascular resistances, right ventricular dysfunction [20] and
pulmonary congestion [16, 21]. All these factors, alone or in
combination, may contribute to the genesis of EOV; however,
dissecting one from another is not an easy undertaking even
though a number of theoretical models have been developed in
an attempt to integrate the various clinical observations into a
comprehensive mechanistic explanation [22].

In this issue of the European Respiratory Journal, ZUREK et al. [23]
nicely demonstrate that EOV may be treatable and reversible.
3 months of aerobic training were quite effective in this respect,
tempering the oscillatory pattern in a high proportion of patients
(71%) with stable congestive heart failure. Three previous reports
investigated the effects of pharmacological interventions on EOV
with an inodilator, milrinone [14], or a selective pulmonary
vasodilator, sildenafil [20, 24]. In each of these studies, some
degree of EOV reversibility was documented at short- and long-
term follow-up. Nonetheless, a strength of the present report is
the demonstration of effectiveness of what, at least in theory,
seems to be the most comprehensive intervention (aerobic
training), to modulate at a multisystem level the pathogenetic
mechanisms involved in EOV by ‘‘resetting’’ the central and
peripheral control of V9E [25] and the haemodynamic perturba-
tions responsible for an increased circulatory time [26]. As in the
drug interventional studies, patients were optimally treated,
100% were receiving renin–angiotensin system inhibitors and
90% b-blockers, suggesting that EOV is a phenomenon that may
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not be responsive to standard heart failure therapy, requiring a
targeted ad hoc approach.

Modulation of EOV was accompanied by an improvement in the
V9E/V9CO2 slope as well, and an inverse correlation was found
between changes in EOV amplitude and V9E/V9CO2 steepness,
which makes a lot of sense. However, V9E/V9CO2 slope was not
predictive of EOV reversibility, implying that the two markers,
although sharing some putative mechanisms, can be dissociated
in their determinants. These observations, along with the
different clinical significance (higher prognostic prediction by
EOV), argue against the simple conclusion that treating one
component of abnormal V9E may benefit the other and vice versa.
Since EOV may or may not combine with a high V9E/V9CO2 slope
and the risk is additive [27], the practical implication is to
ascertain that this subset of patients would really be successfully
targeted.

Overall, the present findings add to the evidence in this area
and raise some provocative questions regarding further direc-
tions. For example, how long will benefits persist after training
cessation? Is a high-intensity aerobic training programme the
add-on approach for nonresponder subjects? Is EOV reversal
an on/off phenomenon or a progressive dose–response process?
Most importantly, how might reverse changes really bear pro-
gnostic implications reflecting a true improvement in the
natural history of the disease?

There are also some limitations to the study that warrant
mentioning. The study was performed retrospectively and in an
unblinded fashion. The lack of randomisation may be another
relevant weakness for an interventional study that aims to
clarify how to efficiently impact such an unfavourable clinical
sign coupled with a complex pathophysiology.

These shortcomings, however, do not detract too much from the
main study message, i.e. look at exercise ventilatory abnormal-
ities as meaningful features of heart failure syndrome, place
them in the right context and possibly treat appropriately.

As evaluating potential therapies for treating exercise V9E

abnormalities in heart failure is worth pursuing, several details
remain to be investigated. Whether reversing EOV is a detail
that may matter is a quest that awaits further details.
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