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Introduction 
The infection with severe respiratory syndrome coronavirus 2 (SARS-CoV-2) 

was declared a pandemic on March 11, 2020. As of November 2020, the 

novel coronavirus, hereafter referred to as COVID-19, has affected more than

60 million people worldwide ( Center, 2020 ; Simpson and Robinson, 2020 ). 

For the majority (81%), infection with COVID-19 manifests as a mild disease. 

Fever (88. 7%), cough (57. 6%), and dyspnea (45. 6%) were the most 

commonly reported symptoms in a recent systematic review ( Rodriguez-

Morales et al., 2020 ). However, for a significant minority, and particularly 

those older than 65 years and with comorbidities, the infection requires 

management in an intensive care unit due to acute respiratory distress 

syndrome (ARDS) ( Pascarella et al., 2020 ). Since the outbreak of the 

pandemic, most attention has focused on containing transmission and 

managing the wave of critically ill patients in acute care settings. As we 

enter the second phase of the pandemic, emphasis must evolve to post-

acute care of COVID-19 survivors. For these patients, having defeated the 

virus is just the beginning of an unknown recovery path. There are increasing

reports of persisting and recurrent symptoms at several months after the 

onset of the infection ( Carfi et al., 2020 ; Goërtz et al., 2020 ), dyspnea at 

exertion being one of the most common complaints. The extent and severity 

of the lasting sequelae remain to be evaluated, but persisting 

cardiorespiratory symptoms in COVID-19 survivors can be described as two 

distinct entities. The first type of post-Covid consequences are directly 

related to organ damage in the acute phase, either due to the viral infection 

and the ensuing inflammatory response, or the complications of treatment in
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the intensive care setting ( Li et al., 2006 ; Zhou et al., 2014 ; Mart and 

Ware, 2020 ). The persisting cardiorespiratory symptoms related to cardiac 

and lung injury in COVID-19 will be summarized below. The second type of 

persisting symptoms can affect patients even with mild initial disease 

presentation without evidence of severe organ damage. Sustained fatigue 

and exercise intolerance are the most frequent complaints in patients not 

requiring hospitalization ( Goërtz et al., 2020 ; Tenforde et al., 2020 ). In 

these patients, there is a striking lack of correlation between initial symptom 

severity and residual symptoms at exertion. The mechanisms behind post-

Covid exercise intolerance are most likely complex and still poorly qualified 

to date. In this article, we aimed to review the available evidence on 

persisting exercise intolerance experienced by COVID-19 survivors. We also 

report exercise hyperventilation as a major limiting factor that can cause a 

multitude of extremely disabling symptoms such as dyspnea, tachycardia, 

chest pain, fatigue, dizziness, and syncope at exertion. To our knowledge, 

this is the first report of a possible explanation for prolonged exercise 

intolerance in long-lasting COVID-19. 

Persisting Cariorespiratory Symptoms in Coronavirus 
Survivors: Current State of Knowledge 
Around 20% of patients with severe COVID-19 require in-hospital 

management ( Simpson and Robinson, 2020 ). For the patients presenting 

with severe initial illness, the long-term consequences are yet to be 

elucidated. However, emerging studies show evidence of persistent 

cardiorespiratory symptoms months after hospital discharge. Weerahandi et 

al. (2020) studied severe COVID-19 patients who required at least 6 l/min of 
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oxygen during hospital stay. At one-month follow-up, 74% of participants 

reported shortness of breath. Carfi et al. (2020) also assessed persistent 

symptoms in patients discharged from the hospital. At 2 months follow-up, 

half of the patients reported persistent fatigue, whereas dyspnea (43%) and 

chest pain (22%) were also highly prevalent. These findings are in line with 

the studies by Wong et al. (2020) and Garrigues et al. (2020) , both of which 

found nearly half of the patients complaining of breathlessness at 3 months 

after hospital discharge. 

The persistence of cardiorespiratory symptoms in survivors of severe COVID-

19 can be partly explained by the pathophysiology of organ damage during 

the initial phase of the disease. The SARS-CoV-2 virus predominantly affects 

the respiratory system, although other organ systems can be compromised 

as well. The virus uses angiotensin-converting enzyme-2 (ACE2) receptors in 

pneumocytes of the epithelial alveolar lining to infect the host, thus causing 

lung injury ( Varga et al., 2020 ). Diffuse alveolar damage was showed by 

several post-mortem studies ( Carsana et al., 2020 ; Schaller et al., 2020 ), 

leading to hypotheses of residual pulmonary function impairment at long 

term. These hypotheses are supported by the available evidence on previous

coronavirus outbreaks. A recent meta-analysis ( Ahmed et al., 2020 ) of 

studies on SARS-CoV and MERS-CoV reported that approximately one third of

hospitalized patients had persisting lung abnormalities after their acute 

illness. Prospective studies on SARS-CoV, MERS-CoV as well as short-term 

follow-up studies on the current SARS-CoV-2 epidemic are summarized in 

Table 1 . These studies demonstrate mostly a mild pulmonary function 

impairment and the functional disability appears out of proportion to the 
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degree of lung function impairment. For example, a 2005 study on SARS-CoV

by Hui et al. (2005) found that the exercise capacity 6 months after disease 

onset was considerably lower than that of normal controls in the same age 

groups. However, significant impairment of surface area gas exchange was 

only found in 15% of the patients. Along with Hui’ study, Ong et al. (2004) 

performed cardiopulmonary exercises testing in 46 SARS-CoV patients at 3 

months after hospital discharge. Half of the patients had abnormalities in the

pulmonary function tests, but the impairment was mild in almost all cases. 

However, 41% of the patients had impairment of exercise capacity not due 

to ventilatory limitation. The discordance of the results of pulmonary function

and exercise testing has been attributed to several factors, such as physical 

deconditioning, muscle weakness and poor motivation. The recent data in 

SARS-CoV-2 by Arnold et al. (2020) demonstrates that even 74% of survivors

complained of persistent breathlessness and excessive fatigue at 3 months 

after hospital discharge. Yet abnormal pulmonary function was found in only 

10% of the patients. Major limitations have to be taken into account when 

considering available evidence on long-term pulmonary function 

abnormalities. The majority of information is derived from single-center 

studies with a small sample of patients and a relatively short-term follow-up. 

However, most of the data support the idea that persistent cardiorespiratory 

symptoms in COVID-19 survivors cannot be accounted for by impairment of 

pulmonary function alone. 

TABLE 1  
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prospective studies on residual symptoms, pulmonary function impairment 

and exercise intolerance following SARS-CoV, MERS-CoV and SARS-CoV-2 

viral infections. 

Multisystem involvement is the key pathophysiological feature of SARS-CoV-

2 infection and can help explain the heterogeneous symptoms experienced 

by patients, as well as the complex mechanisms of long-lasting exercise 

intolerance. As described above, the virus binds to ACE2 receptors, which 

are present not only in the lungs, but are widely distributed in endothelial 

cells. Endothelial injury recruits inflammatory leukocytes, and contributes to 

tissue damage and cytokine release, as well as thrombosis and disseminated

intravascular coagulation ( Evans et al., 2020 ). Autopsy studies ( Varga et 

al., 2020 ) show severe endothelial injury that is associated with the 

presence of intracellular virus. Widespread thrombosis with microangiopathy 

were also described ( Ackermann et al., 2020 ). It has been postulated that 

endothelial injury and microangiopathy might be the reasons behind 

autonomic dysfunction, which is compatible with residual symptoms such as 

fatigue, palpitations and chest pain, among others. Cardiac injury has also 

been documented in patients hospitalized with moderate or severe COVID-19

( Clerkin et al., 2020 ; Driggin et al., 2020 ; Huang C. et al., 2020 ). 

Inflammatory myocarditis is frequently diagnosed in severe COVID-19 

patients and may later lead to left ventricular failure. Inflammation induced 

pro-coagulatory state might lead to type 1 myocardial infarction (MI) due to 

plaque rupture or intracoronary thrombosis ( Chieffo et al., 2020 ; Clerkin et 

al., 2020 ). Type 2 MI (myocardial injury in the absence of obstructive 

coronary artery disease) might be induced by prolonged hypoxia. Right 
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ventricular failure secondary to acute pulmonary embolisms is also possible. 

Myocardial injury can persist after the acute phase and clinically manifest as 

dyspnea or chest pain at exertion. Therefore, appropriate follow-up to detect 

these complications is warranted. Two recent studies with cardiac magnetic 

resonance imaging (MRI) ( Huang L. et al., 2020 ; Puntmann et al., 2020 ) 

showed ongoing cardiac involvement in a majority of patients months after a

COVID-19 diagnosis. Another study by Raman et al. (2020) describes 

persistent MRI abnormalities seen in the lungs (60%) and the heart (26%) of 

COVID-19 patients at 2–3 months after hospital discharge, in relation to 

ongoing symptoms of breathlessness and excessive fatigue (in 64 and 55% 

of patients respectively). In the same study, cardiopulmonary exercise 

testing showed that 55% of patients had peak oxygen uptake (VO 2 max) 

values lower than 80% of the predicted. In contrast, only 12% of patients had

impaired pulmonary function tests. 

Persisting cardiorespiratory symptoms may be in part related to initial 

disease severity and residual organ damage. In critically ill patients, acute 

respiratory distress (ARDS) – related consequences have been described 

previously ( Desai et al., 1999 ; Mart and Ware, 2020 ) and are not specific to

COVID-19. Other ICU-related complications such as ventilator-induced lung 

injury or critical illness-associated poly-neuropathy are well established (

Zhou et al., 2014 ; Beitler et al., 2016 ) and are out of the scope of this 

article. The routine administration of high dose steroids to many patients 

with ARDS might lead to steroid myopathy and muscle wasting, resulting in 

residual exercise intolerance and excessive fatigue. 
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Most of the studies that have reported on sequelae of COVID-19 included 

participants whose illness was severe enough to require hospitalization. 

However, the majority of patients with COVID-19 are managed in outpatient 

settings. Long term outcomes might not be comparable due to multiple 

factors: varying degree of organ damage, different treatment and distinct 

patient demographics, as many patients admitted to hospital with COVID-19 

are older, have more comorbidities and frailty. Despite mild initial 

presentation, emerging evidence indicates that it might take weeks for 

resolution of symptoms and return to usual health. Tenforde et al. (2020) 

reported that out of 274 patients tested for COVID-19 in an outpatient 

setting, one third complained of fatigue and dyspnea 2 weeks after symptom

onset. Even among young adults aged 18–34 years with no chronic medical 

conditions, nearly one in five reported that they had not returned to their 

usual state of health. Thus it seems that the persistence of symptoms might 

not necessarily be related to patient age or initial clinical severity of the 

disease. 

These findings were further confirmed by Goërtz et al. (2020) , who 

performed a survey in ambulatory COVID-19 patients at 3 months after 

symptom onset. They showed that the majority of patients were still 

symptomatic, and reported a multitude of symptoms, ranging from cough, 

sore throat, muscle pain, dizziness, chest tightness, palpitations, weight loss,

etc. Fatigue and dyspnea were the two most prevalent symptoms, described 

by 87 and 71% of patients respectively. These findings are especially 

alarming for such a young population (median age of 47 years) mostly 

without serious comorbidities and normal physical examination. 
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To date, the etiology of these heterogeneous long-Covid symptoms is poorly 

understood. It is possible that endothelial injury might play a role in the 

persistence of dysautonomic symptoms in COVID-19 survivors. Davido et al. 

(2020) described their experience working with outpatients who experienced

mostly mild symptoms attributable to COVID-19. Subsequently they 

observed multiple persistent symptoms, especially intense fatigue, shortness

of breath, chest tightness and tachycardia. Authors suggest that these 

symptoms are compatible with dysautonomia due to microangiopathy and 

endothelial injury. Miglis et al. (2020a , b) also described a subset of COVID-

19 survivors presenting symptoms of autonomic dysfunction such as 

orthostatic intolerance and postural orthostatic tachycardia. Such symptoms 

are frequently reported after other viral infections and might be related to 

gastrointestinal fluid loss, prolonged bed rest and deconditioning of the 

cardiovascular system. However, further research is needed to further 

characterize the dysautonomic syndromes in COVID-19 survivors. 

In contrast to hospitalized COVID-19 patients, conventional risk factors such 

as age and the presence of comorbidities do not seem to have an impact on 

the duration and severity of persistent symptoms. A study by O’Keefe et al. 

(2020) analyzed 273 non-hospitalized patients recovering from COVID-19. 

Interestingly, the authors found no correlation between symptom duration 

and patient factors such as age or comorbidities. 

All in all, the pathophysiology of persistent cardiorespiratory symptoms in 

COVID-19 outpatients are not clearly understood to date. Even though these 

symptoms seem to be benign, their importance should not be 
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underestimated. Persisting exercise intolerance can result in worsened 

quality of life, inability to return to work and increased use of health care 

systems, constituting a worldwide public health problem. 

Hyperventilation as a Possible Cause of Persisting Exercise 
Intolerance 
As a French Reference Center for Infectious Diseases, Bichat hospital has 

had an important number of COVID-19 patients, treated both in and out of 

hospital settings. All patients are systematically offered follow-up and 

undergo a thorough cardio-pulmonary exploration, including pulmonary 

function tests (PFT), a chest CT scan, a trans-thoracic echocardiogram, and 

cardiopulmonary exercise testing (CPET). Ethics committee approvals were 

obtained according to local requirements. 

We report a case series of eight patients (seven women and one man) with 

important exertional dyspnea at 3 months after the onset of COVID-19 

symptoms. All patients were aged 31–73 [median age 39 years (interquartile 

range 33–49)] and had no previous medical history (notably, no chronic 

cardiovascular or pulmonary diseases). All of the patients had a relatively 

mild course of COVID-19 and received ambulatory treatment without 

indications for hospitalization or oxygen therapy. Nijmegen test was 

available in five patients and median score was 35 (27–38). At 3 months 

after the symptom onset, all patients had near-normal pulmonary function 

tests and normal chest CT scans. Transthoracic echocardiogram showed 

preserved left ventricular ejection fraction as well as the absence of 

pulmonary hypertension (see Table 2 ). During CPET, dyspnea, palpitations, 

and dizziness were reproduced in all patients. For two patients CPET had to 
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be interrupted due to syncope at exertion. All of the patients showed a 

significant impairment of exercise capacity: seven out of eight were 

incapable of reaching 100% of predicted workload and none of the patients 

reached their predicted VO 2 max values. An elevated VE/VCO 2 ratio was 

observed in five patients, suggesting exercise hyperventilation. All patients 

increased their ventilation and their tidal volume as soon as the effort 

started. However, we were not able to define the generic ventilatory profile 

since two patients increased their respiratory rate (RR) only after the aerobic

threshold and one patient had no significant increase in RR. Unfortunately, 

we were not able to collect data on inspiratory capacity. Arterial blood 

gasses were also analyzed at rest as well as at maximum effort. The 

apparition of respiratory alkalosis with low arterial CO 2 levels and significant 

base excess at exertion was observed in three patients. We hypothesized 

that hyperventilation-induced hypocapnia following COVID-19 infection and 

prolonged bed rest might be responsible for a multitude of extremely 

disabling symptoms such as dyspnea, tachycardia, chest pain, fatigue, 

dizziness and syncope at exertion. Indeed, clinical follow-up of patients 

showed progressive resolution of symptoms. Interestingly, most patients 

described paroxysmal dyspnea that could also occur at rest, which could 

indicate a wider breathing dysfunction. Normality of PFT is in accordance 

with our hypothesis that alteration of lung function does not solely account 

for residual symptoms. 

TABLE 2  
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Characteristics of patients presenting with hyperventilation syndrome in the 

aftermath of COVID-19, and findings of cardiopulmonary exercise testing. 

Exercise hyperventilation is a condition defined by inappropriate alveolar 

hyperventilation, in regards to metabolic needs and mechanical stress in the 

body ( Brat et al., 2019 ). It generally affects women more frequently than 

men, especially between the ages of 15 and 55 ( Lum, 1975 ). The variety of 

symptoms experienced by the patient might take them to a wide range of 

specialist consultations, numerous investigations and inappropriate 

treatment. 

The origin of this hyperventilation is unknown. The hypothesis of an 

abnormality of ventilatory control has been proposed, by either a stimulation

of activator systems (automatic and cortical ventilatory control, peripheral 

afferents, and sensory cortex) or a suppression of inhibitory systems 

(endorphins) in the aftermath of a pulmonary infection ( Gardner, 1994 ). 

Deciphering the mechanisms underlying this hyperventilation would require 

to examine chemo responsiveness by hypercapnic ventilatory challenge in 

patients recovering from COVID-19 and compare patients with and without 

hyperventilation. 

Various forms of primary lung disease can influence the ventilatory control 

mechanisms and alter the respiratory center output. Hypoxemia-induced 

activation of peripheral chemoreceptors or stimulation of receptors by 

diseases affecting the airways or pulmonary interstitium can induce the 

respiratory center to increase its output, resulting in respiratory alkalosis. 

Similarly, patients recovering from acute pulmonary embolism, pneumonia, 
https://assignbuster.com/hyperventilation-a-possible-explanation-for-long-
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or chronic interstitial lung disease often hyperventilate, probably as a result 

of stimulation of one or more types of intrathoracic receptors, with or without

the additional ventilatory stimulus induced by hypoxemia ( Jack et al., 2003

). 

Even though the mechanisms of hyperventilation are not quite clear, the 

consequences of alveolar hyperventilation are well known ( Laffey and 

Kavanagh, 2002 ). The most important physiological consequence of alveolar

hyperventilation is the decrease in depolarization threshold of cell 

membranes. In case of respiratory alkalosis, H + ions do not participate in 

membrane potential, and are transported out of the cell to decrease the 

blood pH, whereas K + ions are transported into the cell. A relative excess of 

positive ions inside the membrane increases its potential, therefore 

decreasing the depolarization threshold. Neuronal hyperexcitability causes 

the activation of autonomous nervous system which in turn is responsible for

neurovegetative symptoms described in hyperventilation syndrome. 

Muscular hyperexcitability results in increased muscular tone and arterial 

vasoconstriction due to smooth muscle cell contraction in the arterial wall. 

Resulting hypoperfusion of different organs might cause various symptoms 

related to ischemia. Hyperventilation related symptoms can range from 

dyspnea, palpitations, chest pain, muscle cramps, syncope to paresthesia, 

dizziness, headache, abdominal pain, nausea, fatigue, and anxiety. 

There is no gold standard for the diagnosis of hyperventilation syndrome. 

Diagnostic tools include arterial blood gas measurement and various 

provocation tests in order to reproduce the symptoms. The Nijmegen 
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Questionnaire ( van Dixhoorn and Duivenvoorden, 1985 ) may be used as a 

screening instrument for early detection of hyperventilation syndrome, as 

well as an aid in diagnosis and therapy planning (with a sensibility of 91% 

and specificity 95%). Treatment options include respiratory physiotherapy 

with an experienced respiratory therapist, focusing on patient education and 

various techniques to control breathing. Fortunately, spontaneous resolution 

is common, especially with the gradual resumption of physical activity. 

Conclusion 
Persisting cardiorespiratory symptoms are rather common at several months

after the onset of the COVID-19 infection. Currently, data is lacking on the 

pathophysiology of this post-COVID entity. In patients with severe initial 

disease presentation, persisting symptoms might be directly related to 

target organ damage as well as treatment complications. New studies have 

emerged describing the post-COVID syndrome even in patients with mild 

initial presentation, without a clear relationship with age and comorbidities. 

Persistent cardiorespiratory symptoms in these patients are most likely 

benign and unrelated to long-term organ damage. Muscle deconditioning, 

dysautonomia and exercise hyperventilation might partly explain the 

disabling symptoms in COVID-19 survivors. However, more studies are 

needed to further clarify the mechanisms behind this prolonged path to 

recovery. 
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