
Page 1/12

Decrease of exercise endurance in critically ill
COVID-19 survivors: 4 case reports
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Abstract
Background: The Coronavirus Disease 2019 (COVID-19) already have been as a pandemic. However,
knowledge about the sequelae of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection remains limited. Here we descirbe the pulmonary function test (PFT) and cardiopulmonary
exercise test (CPET) of critically ill COVID-19 in four cases with sereve acute respiratory distress
syndrome (ARDS) after discharge.

Case presentation: We introduce four patients who complained of fever, cough, chest tightness and other
symptoms, all of them were con�rmed as SARS-CoV-2 infection by real-time reverse transcription
polymerase chain reaction (RT-PCR). They were treated with mechanical ventilation because of severe
ARDS. After respiratory support, antiviral and anti-infective treatment, they were weaned from mechanic
ventilation with the improvement of hypoxemia. All patients were discharged from the hospital after
completion of treatment and had no mortality. Around 1-month post-discharge, they were followed up for
chest computed tomography (CT) scan, and performed PFT and CPET. Peak oxygen uptake of predicted
(peakVO2% pred) decreased in all four cases, although spirometry were in the normal range, and only 2
cases had mild decline in carbon monoxide diffusion capacity of predicted (DLCO%pred).

Conclusions: We found reduced exercise endurance in all four COVID-19 survivors, even parts of them
with normal or slightly abnormal static lung function. We also believe that exercise endurance
impairment of COVID-19 convalescents is more likely affected by extrapulmonary factors. Taken the
above into consideration, our study highlights that the combination of PFT and CPET are important tests
for tracking the development and recovery of COVID-19 survivors.

Background
Coronavirus disease 2019 (COVID-19) is a novel infectious disease caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)[1]. It has been declared as a public health emergency of
international concern. As of July 10, 2020, there were 12102328 con�rmed cases had been documented
worldwide[2], the number of cases discharged is increasing continuously. For COVID-19 discharged
patients, functional assessments such as exercise endurance and static lung function are highly
recommended by the National Health Commission of China. At present, multiple studies on the
epidemiology, virology, and clinical �ndings of COVID-19 had been reported globally[3]. However, very little
literature regarding the functional injuries related to COVID-19 post-discharge, especially in critically ill
patients. We describe the characteristics of cardiopulmonary exercise test (CPET) and pulmonary
function tests (PFTs) including spirometry and diffusion capacity (QuarkPFT-CPET; COSMED, Italy)
around 1-month post-discharge in four critically ill COVID-19 patients with severe acute respiratory
distress syndrome (ARDS) admitted to our hospital from January to February 2020. All patients were
con�rmed with COVID-19 by presenting novel coronavirus. The research was approved by the ethics
committee of the First A�liated Hospital of Guangzhou Medical University, and all participants signed
informed consent.
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Case Presentations
Case : Male, 50 years old, with a history of residence in Wuhan, was diagnosed with fever, cough, and
sputum on January 28, 2020. One day later, He complained that obvious shortness of breath, blood gas
analysis showed that the oxygenation index (OI: PaO2/FiO2) seriously decreased to 84 mmHg, a chest
computed tomography (CT) scan showed diffuse ground-glass opacities (GGOs) with interstitial septal
thickening in bilateral lungs, all of which suggested that the patient had severe ARDS. So he received
endotracheal intubation and mechanical ventilation quickly. On illness day 4, he was transferred to the
Intensive Care Unit (ICU) in our hospital, with an APACHE II score was 25. On illness day 20, the OI
(321mmHg) of the patient improved, and he was weaned from mechanic ventilation successfully. He
discharged on March 17. At his follow-up visit, 1-month after discharge from the hospital, he reported
without any respiratory symptoms. Chest CT scan revealed bilateral GGOs which was better than before
(Figure 1). There are neither restrictive nor obstructive of his spirometry. The diffusion capacity was
slightly reduced. The patient completed the CPET. The maximal effort was evidenced by achieving a peak
heart rate (HR) of 88%, and respiratory exchange ratio (RER) of 1.34, and clinically looking truly
exhausted at peak exercise. Exercise stopped due to leg fatigue. The anaerobic threshold (AT) was
normal using either the V-slope method (Figure. 2. c) or the ventilatory equivalents method (Figure. 2. d,
g). There was plenty of breath reserve at peak exercise, the ventilatory equivalents for carbon dioxide at
anaerobic threshold (VE/VCO2@AT) and the slope of ventilatory equivalent for carbon dioxide (VE/VCO2

slope) were normal, de�ning no ventilatory limitation to exercise. Meanwhile, there was no abnormal
blood pressure response and no obvious ST-segment change in electrocardiogram (ECG). A peak oxygen
uptake (peak VO2) of 58% predicted on a cycle ergometer noted a reduction in aerobic capacity. The
results of PFTs and peak exercise are presented in Table 1, and the process diagram of CPET is shown in
Figure. 2.

Case : This was a 58 years old man who presented in the hospital because of fever, shortness of breath
on 26 January 2020. On illness day 6, with deteriorating respiratory failure, worsening OI (68mmHg), and
progressing abnormalities on chest CT scan with bilateral patchy shadowing, he required intubation and
mechanical ventilation. On illness day 8, he was transferred to ICU in our hospital and had an APACHE II
score of 22. The patient was extubated with improved OI (301mmHg) on illness day 20 and was
discharged from hospital 33 days later. Return to the hospital for follow-up 1-month post-discharge, the
patient complained of a little cough and chest tightness after activity. A chest CT scan showed slightly
absorption of multiple patchy opacities and GGOs. The values of the spirometric were normal. The
diffusion function was slightly reduced. The CPET results showed no ischemic and arrhythmic changes
in ECG, no abnormalities in ventilation function, and no reduction in gas exchange e�ciency during
exercise. But peakVO2 and Oxygen pulse were reduced.

Case : This was a 65 years old man who was a resident of Wuhan. He had repeated fever, cough, and
shortness of breath then was diagnosed on 22 January 2020. On illness day 2, he complained that
dyspnea was worse than before, the blood gas analysis showing the OI was 77mmHg, which was
progressively aggravated. A Chest CT scan revealed bilateral in�ltrates. So the patient received
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endotracheal intubation and mechanical ventilation to maintain respiratory motion. One day later, he was
transferred to the ICU of our hospital with an APACHE II score of 16 and started treatment with anti-
infection, anti-virus, and other supportive therapies. On illness day 19, the patient's OI (342mmHg) and
chest CT signi�cantly improved, so endotracheal intubation was removed. On illness day 49, the patient
recovered and discharged. He was followed up about 1-month post-discharge, and he complained of no
cough, chest tightness, shortness of breath, dyspnea, and other discomforts. Bilateral GGOs could be
observed in a chest CT scan. His PFTs were in the normal range. Exercise stopped because of leg fatigue,
his AT, ventilation, gas exchange e�ciency, and ECG had no abnormal changes during the exercise, but
the endurance exercise capacity had decreased.

Case : male, 41 years old, was diagnosed due to fever and cough on January 28, 2020. The patient had
a residence history in Wuhan. Given high fever and shortness of breath occurred again, a chest CT scan
suggested bilateral pneumonia, so the patient was given intensi�ed anti-infection treatment on illness
day 9. However, the dyspnea of the patient continued to progress, the OI (67mmHg) decreased , and CT
indicated the progression of the disease, so the patient was assisted by endotracheal intubation and
transferred to ICU in our hospital on illness day 19. His highest APACHE II score while in the hospital was
16. He was prescribed antiviral and anti-infection treatment. The 32 days of illness his endotracheal
intubation was removed successfully due to improved OI (418mmHg) and CT, then the patient was
discharged on illness day 44. The patient showed no obvious symptoms of a 1-month follow-up after
discharge. A chest CT scan showed a few patch shadows in the right upper lung. PFTs were within
normal limits. During the CPET, the ECG showed no arrhythmia and ST-changes, AT, ventilation function
and e�ciency were normal, the patient's exercise endurance had decreased.

4 patients' clinical characteristics, PFTs, and CPET are shown in Table 1.

Discussion And Conclusion
An epidemiological analysis of 72,314 COVID-19 cases in China showed a large number of critically ill
patients, although the proportion is relatively low (5%)[5]. Given limited understanding of the pulmonary
function and exercise endurance status in convalescents with COVID-19, we follow-up 4 critically ill
patients with severe ARDS at 1-month post-discharge, and performed CT, spirometry, diffusion capacity
and CPET for all patients. Noteworthy, despite the chest CT was signi�cantly improved, the spirometry
was normal, and carbon monoxide diffusion capacity (DLCO) was normal or only slightly abnormal in
COVID-19 convalescents, the exercise endurance was still limited.

The pathological characteristics of COVID-19 had been shown bilateral diffuse alveolar damage with
cellular �bromyxoid exudates, hyaline membrane formation, and intra-alveolar in�ammatory exudates,
partial alveolar exudate organization and pulmonary interstitial �brosis formation[6], which are similar to
those seen in severe acute respiratory syndrome (SARS) and Middle Eastern respiratory syndrome
(MERS) coronavirus infection, and the lung is the main organ primarily affected[6][7]. The impairment of
diffusion capacity is associated with pathophysiological changes. Due to alveolar epithelial cell damage
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and membrane thickening, the diffusion area reduced, diffusion distance increased, and the diffusion
capacity decreased accordingly.

Mo et al.[4] reported impairment of diffusion capacity and restrictive ventilatory defect in non-critical
COVID-19 patients at the time of hospital discharge. Anomalies were accounted for 9.1% in forced vital
capacity of predicted (FVC %pred) and accounted for 13.6% in forced expiratory volume in one second of
predicted (FEV1%pred); The decrease was noted in DLCO % predicted totally in 47.2% of the cases, with a
signi�cant difference in impaired diffusing capacity among the different groups of severity, which
accounted for 30.4% in mild illness, 42.4% in pneumonia and 84.2% in severe pneumonia, respectively.
However, in comparison to this study of non-critical cases at the time of discharge, our study of critically
ill cases at 1-month post-discharge showed no abnormalities in spirometry in all patients and only mild
diffusing impairment in 2 patients. It suggests that impaired lung function of COVID-19 patients might
return over time.

All patients completed the CPET, in which the primary termination symptoms were leg fatigue in 3
patients and dyspnea in 1 patient.  Interestingly, PeakVO2, VO2/HR, and OUES decreased, while BR and
VE/VCO2 slope were normal, and no signi�cant decrease was detected in SpO2 in all patients during
exercise. It is indicated that the exercise endurance and aerobic metabolism capacity of the whole
patients were reduced, nevertheless, nonventilatory limitation and no gas exchange ine�ciency were
noted in the exercise phase. The impairment of exercise capacity and static pulmonary function was
inconsistent, besides the dynamic respiratory functions had no limitation, suggested the possibility that
pulmonary dysfunction was not primarily a reason for the reduced exercise capacity. Therefore, we
considered that exercise endurance impairment of COVID-19 convalescents is more likely affected by
extrapulmonary factors, such as muscle weakness after long-term bed rest during hospitalization.

We reviewed previous studies of SARS, Ong et al.[8] showed that 15% of the patients had restrictive
pulmonary ventilation dysfunction, 39% of them had impairment diffusion function and 41% had
decreased exercise endurance at 3 months after discharge. The result of exercise capacity also cannot be
explained by impairment of pulmonary function. Our �nding seems to be consistent with this study.

Our study has several limitations. First, the number of critical illness cases enrolled in our study was
insu�cient. Moreover, the PFT and CPET data were lack at the time of hospitalization and discharge.
Finally, our study was only a short-term follow-up. Further investigations and long-term follow-up of more
critically ill COVID-19 cases are urgently needed to reveal the clinical outcome and prognosis.

To our knowledge, this is the �rst report of the combination of PFT and CPET after COVID-19
rehabilitation. Our study indicates that exercise endurance may decrease in critically ill COVID-19 patients,
even with normal or mild impairment in PFT and signi�cant improvement of CT. It is not only PFT but
also CPET should be considered in long-term follow-up, particularly for severe and critical illness COVID-
19 survivors, to more fully understand the impact of COVID-19 and provide functional assessment for
rehabilitation.
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ARDS: severe acute respiratory distress syndrome; AT: anaerobic threshold; BR: breath reserve; COVID-19:
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Intensive Care Unit; OUES: Oxygen uptake e�ciency slope; PeakVO2 of predicted: peak oxygen uptake of
predicted; PFT: pulmonary function test; SARS-CoV-2: syndrome coronavirus 2; VE/VCO2@AT: Ventilatory
equivalents for carbon dioxide at anaerobic threshold; VE/VCO2 slope: the slope of ventilatory equivalent
for carbon dioxide; VO2/HR of predicted: Oxygen pulse of predicted;
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  Case Case Case Case 
Age 50 58 65 41
Gender male male male male
BMI 25.4 23.4 21.6 28.2
Smoking index 10 5 30 Never smoked
Comorbidity Hypertension Diabetes no no Hypertension
Days in ICU 40 39 43 24
Hospitalization days  50 53 49 44
APACHEII scores 25 22 16 16
mMRC at follow-up 1 1 0 0
PFTs        
FEV1%pred 92 99 115 87
FVC%pred 85 90 106 87
FEV1/FVC 87.3 87.7 85 83.8
FEF25%-75%%pred 116 127 109 81
FEF50%%pred 118 136 100 89
FEF75%%pred 96 108 111 69
DLCO%pred 78 69 85 80
KCO %pred 86 81 90 88
CPET        
PeakVO2%pred 58 44 66 73
VO2@AT%pred 42.8 43.5 52.2 50
OUES 1509 1252 1465 2353
OUES LLN 2596 2201 1905 2707
BR 53.7 53.2 66 58.3
VO2/HR%pred 66 54 65 76 
VE/VCO2@AT 31.3 34.6 30.4 28.7
VE/VCO2 slope 27.6 30.3 25.4 26

APACHEII: acute physiology and chronic health evaluation II; PFTs: pulmonary function
tests; FEV1%pred: forced expiratory volume in one second of predicted; FVC%pred: forced
vital capacity of predicted; FEF25%-75%%pred: mean forced expiratory flow between 25%
and 75% of predicted; FEF50%%pred: Instantaneous forced expiratory flow when 50% of
the FVC has been expired of predicted; DLCO%pred: carbon monoxide diffusion capacity of
predicted; KCO%pred: carbon monoxide transfer coefficient of predicted; CPET:
cardiopulmonary exercise test;   PeakVO2 %pred: peak oxygen uptake of predicted;
VO2@AT%pred: Oxygen uptake at anaerobic threshold of predicted; OUES: Oxygen uptake
efficiency slope; OUES(LLN): OUES  lower limit of normal value; BR: breath reserve;
VO2/HR%pred: Oxygen pulse of predicted; VE/VCO2@AT: Ventilatory equivalents for
carbon dioxide at anaerobic threshold; VE/VCO2 slope: the slope of ventilatory equivalent
for carbon dioxide.

Figures
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Figure 1

Transverse serial CT scans from case . a. Scan obtained on illness day 17 showed diffuse ground-glass
opacities with interstitial septal thickening in bilateral lungs, mainly with the peripheral distribution. b. On
illness day 27, the scan showed the absorption of abnormalities with diffuse ground-glass opacities left
in both lungs and subpleural interstitial thickening. c. the day pre-discharge (day 49), the ground glass
shadow and grid image were signi�cantly less than before. d. 1-month after discharge (day 80), the grid
shadow of both lungs decreased further.
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Figure 2

Graphic representation of the maximal, incremental, cardiopulmonary exercise response of case .
Exercise protocol: 15W/min. a. Oxygen uptake (VO2), carbon dioxide output (VCO2) and work rate (WR)
are plotted over time. b. Heart rate (HR) and oxygen pulse ((VO2/HR) are plotted over time. c. HR and
VCO2 are plotted over VO2. d. The ventilatory equivalent for O2 (VE/VO2) and the ventilatory equivalent
for CO2 (VE/VCO2) are plotted over time. e. VE and systolic blood pressure (SBP) are plotted as a
function of time. f. VCO2 is plotted as a function of VE. g. End-tidal partial pressures of O2 (PET O2) and
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CO2 (PET CO2) are plotted over time. h. The respiratory exchange ratio (RER) plotted as a function of
time. i. Tidal volume (VT) plotted as a function of VE. The AT point was determined by the V-slope
method (Figure.2.c) or the ventilation equivalent method (Figure.2.d,g).


