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High incidence of hyperventilation syndrome after COVID-19
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The Severe Acute Respiratory Syndrome Coronavirus-type
2 (SARS-Cov-2) infection has caused a global pandemic
whose medical consequences in the long term are not yet
well known. Although some patients develop pulmonary
fibrosis (1), the majority of them recover without sequelae,
especially after mild symptoms. The French Pulmonary
Society of Respiratory Diseases has proposed guidelines for
monitoring patients (2). In case of unexplained persistent
respiratory symptoms, it is suggested to look for a cardiac or
pulmonary thromboembolic cause or for a hyperventilation
syndrome (HVS) (2). HVS is characterized by a wide
variety of somatic symptoms induced by inappropriate
ventilation and reproduced by voluntary hyperventilation
(3,4). HVS is frequently confusing for physicians as the
patient may express both cardiorespiratory (dyspnea:
thirst for air, difficulty in breathing; sighs; yawning,
chest pain; palpitations) and extrarespiratory symptoms
(intense asthenia, weakness, confusion, anxiety, dizziness,
paresthesia, muscle cramps), that can possibly match to the
clinical presentation of COVID (5).

On June 30th, 147 out patients had undergone in our
Department a clinical evaluation 3 months after COVID-19
infection with respiratory functional tests and measurement
of carbon monoxide diffusing capacity (DLCO), EKG,
thoracic computed-tomography (CT)-scan, measurement
of blood cells level, D-Dimers and troponin. We dismissed
patients with dyspnea and obvious abnormality on one of
these tests. Ten out of these 147 patients (7%) complained
of persistent dyspnea unexplained by above investigations.
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They presented with a stereotypical symptomatology
suggesting a diagnosis of HVS: difficulty in inspiration or
chest tightness.

The set of complementary explorations we applied to
these 10 patients included the Nijmegen score, a voluntary
hyperventilation challenge with PET-CO, monitoring, a
cardiopulmonary exercise testing (CPET), arterial blood
gas analysis, a ventilation/perfusion lung scan, and a cardiac
magnetic resonance imagery (MRI). A brain MRI was
performed on patients with HVS diagnosis. All patients
consented to the use of routine care exam-extracted medical
data. This study was approved by the research ethical
committee of Foch Hospital (IRB No. IRB00012437).

Among the 10 patients, eight were female, two were
male. The COVID-19 infection had been confirmed by
reverse transcriptase-polymerase chain reaction test on
nasopharyngeal swab for all patients. Two patients had
been hospitalized, only one had required oxygen and non-
invasive ventilation. Initial thoracic CT-scan had disclosed
restricted extension of COVID-related lung infiltrates
(<25%) and no pulmonary embolism had been diagnosed at
the time of COVID-19 diagnosis (all patients underwent a
CT-pulmonary angiography at diagnosis). Three patients
had been prescribed antibiotics and one had received
hydroxychloroquine.

At the time of assessment [median delay from COVID-19
diagnosis, 46 days IQR 36-60)], all patients complained of
dyspnea on both rest and exertion. The major symptoms
reported by all patients were difficulties in breathing in or
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chest tightness.

We retained the diagnosis of HVS for 6/10 patients,
characterized by a Nijmegen score >23/64, hypocapnia on
blood gas at rest and a positive hyperventilation challenge
(induction of two or more symptoms and delayed PET-
CO, normalization) (7able 1). All patients with HVS were
female, three had a previous diagnosis of mild asthma
(2 were receiving inhaled corticosteroids) that was

Table 1 Clinical and functional characteristics of patients
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controlled with normal functional tests. On CPET, aerobic
capacities were conserved. Disharmony in the respiratory
pattern during exercise (uncoordinated and anarchical
evolution of tidal volume and respiratory rate) was noted for
5/6 patients. Brain MRI of patients with HVS were normal.

Among the four patients without diagnosis of HVS,
one was diagnosed with deconditioning, one had a slight
increase in alveolar-arterial partial oxygen pressure

Characteristics HVS (n=6) No HVS (n=4)

Sex (M/F) 0/6 2/2

Age (years) 48 [46-54] 55 [45-60]

BMI (kg/m?) 24 [22-25] 23 [22-24]

Previous asthma 3 0

HAD (/42) 21 [17-23]

Difficulty in breathing in 5 2

Chest tightness 4 3

Hemoglobin (g/dL) 14.5[13.6-15] 15[14,3-15.5]

Lymphocytes (G/L) 2,7 [2-2.8] 2 [1.6-2.3]

PFT
FEV, (L/min) 2.6 [2.4-2.8] 3.5 [3.2-3.6]
FEV, (%pred) 95 [92-97] 105 [102-111]
FVC (L/min) 3.3 [3-3.4] 4.3 [3.8-4.4]
FVC (%pred) 101 [97-103] 111 [105-116]
FEV1/FVC 81 [78.5-85] 81.5[78.6-84]
DLCO (%pred) 74 [72-75] 83 [74-85]
DLCO/VA (%pred) 93 [89-93] 93.5 [81-94]

Resting arterial blood gases
pH
paO, (mmHg)
paCO, (mmHg)
HCO®* (mmol/L)
Nijmegen score (/64)
Hyperventilation challenge
petCO, resting (mmHg)
petCO, after 2 min VHV

petCO, recovery (>5 min)

7.45 [7.40-7.49]
84.5 [80.2-94.7]
31.5 [26.5-37.2]

7.41[7.39-7.42]
87.5 [82.2-92.5]
37.5 [35.5-38.2]

22 [19.4-23] 24 [22.8-24.1]

25.5 [24-33] 16 [8-22]
29 [26-32] 35 [32-36]
13 [12-15] 13 [13-16]
26 [24-30] 36 [32-37]

Table 1 (continued)
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Table 1 (continued)
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Characteristics HVS (n=6) No HVS (n=4)

CPET
VO, peak (mL/kg/min) 23,8 [22.5-26.5] 24.2 [23-28]
VO, peak (%pred) 108 [93-110] 90 [84-100]
VE/NO, at VThr 28.5[26-32] 29 [27-30]
VE/NVO, peak 42 [38-44] 42 [39-44]
Vt peak (FVC %) 57 [560-63] 54 [52-55]
RR peak (/min) 39 [36-40] 36 [34-39]
DeltaHR/DeltaVO, peak 61 [57-69] 61 [48-69]
P(Ai-a) O, peak 26 [24-28] 21 [15-26]
Vd/Vt peak 15[13-17] 20 [16-21]
Delta PetCO, peak-rest -2.2 (-4.3t0 -0.57) 4 (1.5-5.25)
Delta VE/VCO, peak-rest -0.1(-0.77 to0 -5.9) -4.5(-5.5t0 -2)

Data are expressed in median [interquartile range]. HAD, Hospitality Anxiety and Depression Scale; HVS, Hyperventilation Syndrome; PFT,
pulmonary function testing; FEV,, forced expiratory volume in one second; FVC, forced vital capacity; DLCO, diffusing capacity of the
lungs for carbon monoxide, VA, alveolar volume; VHV, voluntary hyperventilation; CPET, cardiopulmonary exercise testing; VO,, oxygen
consumption; VE, minute ventilation; VThr, ventilatory threshold; (PAi-a) O,, alveolar-arterial PO, pressure difference; Vt , tidal volume; RR,

respiratory rate; HR, heart rate; Vd/Vt, dead space-to-tidal volume ratio.

difference related to underlying interstitial lung disease.
CPET unmasked mild cardiovascular abnormalities in
the last two patients: one with ST segment depression but
further normal myocardial perfusion scintigraphy and the
second one with and early plateau of max consumption
of oxygen (VO,max), leading to the search for defective
left ventricle filling on exertion. Cardiac MRIs on rest
all showed normal left ventricle ejection fraction and no
pericardial nor myocardial abnormalities.

We found a high frequency of post COVID HVS in
patients with otherwise unexplained inspiratory dyspnea. As
in idiopathic HVS, we observed a female predominance and
a high proportion of patients with previous asthma (3).

Although there is no gold standard for the diagnosis of
HVS, the combination of Nijmegen score, hyperventilation
test and CPET is robust to establish this diagnosis (3).

There were stigmas of cardio-muscular deconditioning
for all patients (DeltaHR/DeltaVO, >50) that may be due
to the lockdown and the reduction of activity secondary to
HVS (6).

Ruling out any thrombotic lung disease was essential
as COVID-19 is known to cause endothelial damages in
various organs (7). This was achieved by normal results
of D-dimer values, preserved vascular bed in lung scans,
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absence of dead space anomalies in CPET results and a
normal DLCO. Moreover, absence of both dead space
and arterial alveolar gradient anomalies during exercise
eliminated pulmonary arterial hypertension.

Other explorations have been useful to eliminate other
diagnoses potentially related to COVID-19. HVS is
secondary to an inadequate ventilatory control. The brain
MRI data confirmed absence of any central abnormality.
Myocarditis which is a complication of COVID-19
infection (8) may mimic the symptoms experienced by our
patients but was ruled out by normal biological data, EKG
and cardiac MRI.

Although the precise pathophysiology of HVS
is unknown, the various symptoms seem related to
hypocapnia (9). Anxiety is considered to be a trigger of
HVS. Since the current pandemic is a source of anxiety,
this may explain the resurgence of HVS as a post-traumatic
stress (10). The HVS generates also a high degree of anxiety
by itself because of its strong impact on the quality of life of
patients.

In conclusion, physicians should be aware that HVS is
a frequent manifestation of the post-COVID-19 period
and leads to chronic dyspnea. In case of highly suggestive
clinical symptoms, diagnosis relies on Nijmegen and
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hyperventilation challenge after ruling out pulmonary,
vascular and cardiac abnormalities. While the risk factors
for developing a severe form of COVID-19 are represented
by male sex, age over 65 years, obesity and underlying heart
disease, those favoring the appearance of a post-COVID
HVS would be the female sex, a mild form of COVID,
previous asthma, age under 65 years and the absence of
cardiac disorder. Making an HVS diagnosis is of importance
because chronic hyperventilation is associated with
severe impairment in health-related quality of life while
it is accessible to reeducation. The observation of high
incidence of HVS after COVID-19 prompted us to create
a dedicated respiratory rehabilitation protocol, combining
comprehensive physiotherapy and psychological treatment.
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