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Exercise Intolerance Following COVID-19: What Is the
Role of Dysfunctional Breathing?

Intolerancia ao Exercicio Apoés COVID-19: Qual o Papel
da Respiracao Disfuncional?
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Dear Editor,

Cardiopulmonary exercise testing (CPET) has been
used to explore persisting symptoms post-COVID-19. Dif-
ferent pathophysiological patterns have been reported'-:
oxygen transport/delivery problems, dysfunctional breathing
(erratic or inappropriate ventilation during exercise),” ven-
tilatory limitation, gas exchange abnormality, chronotropic
insufficiency (reduced ability to increase heart rate during
exercise) and dysautonomia. To explain these findings, a
number of mechanistic explanations have been proposed,’?
namely deconditioning, endothelial injury, enhanced che-
moreflex sensitivity, respiratory centre dysfunction and mi-
tochondrial dysregulation.

We analysed our case series from Glasgow (Gartnavel
General Hospital and Glasgow Royal Infirmary), Scotland,
of 46 adult incremental symptom-limited CPETs (the stan-
dard protocol in the unit) performed because of breathless-
ness post-COVID-19 that was not fully explained by pul-
monary function tests, chest imaging or echocardiogram.
The data in this study are anonymised and retrospectively
collected from tests performed as part of the routine clinical
care of patients. Consequently, ethics committee approval
was not sought for this analysis.

The median (IQR) duration from COVID diagnosis to
CPET was 14 (10) months. The mean (SD) age was 51.9
(12.8) years, 63% were women, mean (SD) BMI was 31.1
(6.2) kg/m? and 30.4% (n = 14) were smokers/ex-smokers.
As for comorbidities, 13 patients had asthma, one had
COPD, six had systemic hypertension, four had mild anae-
mia, three had type 2 diabetes, one had ischemic heart
disease and seven had been prescribed heart rate-control
medication. Twelve patients were hospitalized with one be-
ing admitted to the high-dependence or intensive care unit.
Six patients had pulmonary embolism and three had a di-
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agnosis of chronic thromboembolic pulmonary disease. The
mean (SD) forced expiratory volume in 1 second (FEV,)
was 101% (17) and transfer factor for carbon monoxide
(TLCO) was 82% (19), of the predicted value. Lung imaging
was abnormal in five [minor non-specific reticular changes
or ground glass (n = 3); expiratory air trapping (n = 1); and
hemidiaphragm elevation (n = 1)] and the echocardiogram
was abnormal in three out of 25 patients tested (mildly di-
lated right ventricle, mild left ventricular systolic dysfunction
and bicuspid aortic valve).

Only 27 subjects (59%) performed a maximal test. The
remaining patients stopped before clear physiological limi-
tation. The mean (SD) peak oxygen uptake (VO,) was 20.7
(6.7) mL/kg/min and 88.2% (20.1) of predicted, with 14 pa-
tients (30.4%) having a peak VO, below the lower limit of
normal (LLN) and 80% showing functional limitation with
VO, < 25 mL/kg/min. The commonest abnormalities seen
were dysfunctional breathing/acute hyperventilation (54%),
gas exchange abnormalities (52%; with dysfunctional
breathing in 72% of these cases) and oxygen transport/de-
livery problems typically of mild degree and consistent with
deconditioning (35%). Evidence of dysfunctional breathing
was seen in 64% of those with a peak VO, < LLN. Dys-
functional breathing was identified subjectively from an ab-
normality in the biomechanical pattern of breathing in re-
sponse of exercise during the test. The commonest abnor-
mality was an abrupt rise in the respiratory exchange ratio
(RER, the ratio between the metabolic production of carbon
dioxide and the uptake of oxygen) (> 1.0) and ventilatory
equivalents in the early part of the test which then fell again
as the test proceeded. This was usually combined with an
irregular pattern of tidal volume and respiratory rate when
plotted against ventilation. There were no cases of ventila-
tory limitation and there was one case of postural tachy-
cardia syndrome (which has also been reported® with other
viruses).

Other than dysfunctional breathing, we did not find a
COVID-19 specific CPET pattern of exercise intolerance
that could not be explained by other conditions. In our view
and as previously reported,”* breathing dysregulation may
represent a possible pathophysiological explanation for
much of the physical limitation post-COVID-19.
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