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INTRODUCTION
The SARS-Coronavirus 2 (SARS-CoV-2) is a highly transmissible and 
virulent virus that has had a significant impact on global public health 
and caused considerable disruption to daily life [1]. Approximately 
14% of infected individuals develop severe pneumonia, with around 
5% experiencing critical manifestations [2]. In a country like India, with 
a population of more than 1.4 billion, these percentages represent 
enormous numbers. Recovery from ARF in patients hospitalised 
for COVID-19 is often assessed by the normalisation of saturation 
as measured by a pulse oximeter, or preferably by normalisation of 
ABG. Even long after hospital discharge , a significant proportion of 
these patients report persistence of breathlessness, especially on 
exertion [3].

There is evidence that radiological findings persist after hospital 
discharge. One recent study showed that 94% of patients who 
recovered from COVID-19 pneumonia had residual findings on a 
Computerised Tomography (CT) scan. The most common CT 
manifestation was bilateral Ground-Glass Opacity (GGO) with a 
subpleural distribution [4]. Another study indicated that a quarter 
of COVID-19 patients still had persistent opacities on a CT scan 
at a three-month follow-up after discharge. In the same study, the 
diffusing capacity of the lung for carbon monoxide (DLCO) was 
below the lower limit of normal in 24% [5]. Reduced DLCO is well 
described as a cause for EID. Although literature on Covid-19 is 

enormous, the prevalence of EID in this group of patients , who 
were otherwise fit for discharge, and its correlation with LUS score 
has not been adequately researched, except in a few studies [3,6]. 
The utility of lung ultrasound in COVID-19 has been extensively 
studied [7], yet the correlation of LUS with the prevalence of EID has 
not been adequately represented in the literature [3]. This issue is 
particularly important in developing countries, where re-admissions 
related to persistent EID could further strain an already overburdened 
health system [8]. The COVID-19 pandemic has witnessed a 
scarcity of both intensive care and non-intensive care beds, as well 
as medical resources, including oxygen and life-saving medications. 
In this context, preventing every possible readmission is crucial. 
This study, which sheds light on this aspect, is both pertinent and 
under-researched. The correlation between LUS findings and EID 
also helps to easily triage these patients, especially since the lung 
abnormalities in severe COVID-19 are predominantly peripheral [9].

The aim of this study was to investigate the prevalence of EID in 
patients showing normal ABG values at rest after recovery from 
COVID-19 pneumonia, who were otherwise fit for discharge. The 
study also explored the predictive role of LUS in detecting EID as a 
secondary outcome.

MATERIALS AND METHODS
This was an observational, cross-sectional, hospital-based study 
conducted in the Department of Pulmonary Medicine at the Institute 
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ABSTRACT
Introduction: Survivors of severe Coronavirus Disease-2019 
(COVID-19) pneumonia may experience Exercise-Induced 
Desaturation (EID), which can remain undiagnosed at discharge, 
as most exhibit normal resting Arterial Blood Gases (ABGs). 
This undiagnosed condition may lead to unexpected hospital 
readmissions, causing additional burden to the health system. 
However, the prevalence of EID among this population, especially 
in developing countries, is not well documented.

Aim: To estimate the prevalence of EID among survivors of 
severe COVID-19 pneumonia and to explore the predictive role 
of Lung Ultrasound Scan (LUS) in detecting EID.

Materials and Methods: This hospital-based, observational, 
cross-sectional study was conducted at the Institute of Chest 
Diseases in Kozhikode, Kerala, India from October 2021 to 
September 2022. It involved 153 COVID-19 patients aged 18 
years and above who had recovered from severe pneumonia, 
were otherwise fit for hospital discharge, and had normal 
resting ABGs. The study examined the prevalence of EID using 
the 6-Minute Walk Test (6MWT). Additionally, it investigated 
the predictive ability of a LUS for EID. A LUS was performed 

on all patients and scoring was conducted according to the 
established protocol.

Results: The mean age of the study subjects was 53.50±14.13 
years, with 119 (77.8%) being male. During the 6MWT, 96 
patients (62.7%) showed significant desaturation. A total of 83 
(95.4%) subjects in the desaturated group required Non-Invasive 
Ventilation (NIV) compared to 4 (4.6%) in the non-desaturated 
group (p<0.001). All 24 (100%) subjects in the desaturated 
group required Invasive Mechanical Ventilation (IMV), while none 
in the non-desaturated group did. The mean Length Of Stay 
(LOS) in the hospital was 35.50±13.35 days for the desaturated 
group, compared to 23.32±16.25 days for the non-desaturated 
group (p<0.001). The LUS score was significantly higher in the 
desaturated group (16.61±5.92) than in the non-desaturated 
group (5.54±4.62). The Receiver Operating Characteristic (ROC) 
curve for the LUS score indicated a cut-off value of 8.5 for 
identifying significant EID.

Conclusion: Survivors of COVID-19 who recovered from Acute 
Respiratory Failure (ARF) and have normal resting ABGs may 
still have significant EID. A protocol-based LUS score can 
potentially identify individuals at risk for EID.
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STATISTICAL ANALYSIS
All collected data were coded and entered into a Microsoft excel 
sheet, which was double-checked and analysed using Statistical 
Package for Social Sciences (SPSS) version 22.0. Quantitative 
variables were summarised using means and Standard Deviation 
(SD). Categorical variables were represented using frequencies 
and percentages. An independent sample t-test was used to 
test the statistical significance of differences between the means 
of variables among different independent groups. The Pearson 
Chi-square test and Fisher’s-exact test were used for comparing 
categorical variables between groups. ROC curves were generated 
for the distance covered in the 6MWT and the lung ultrasound 
score to determine the diagnostic characteristics for predicting 
significant desaturation. A p-value of less than 0.05 was considered 
statistically significant.

RESULTS
One hundred fifty-three (153) subjects meeting the enrollment 
criteria were consecutively recruited into the study. The mean age 
of the study population was 53.50 (±14.13) years, with 119 (77.8%) 
being male. Demographic and clinical data are depicted in [Table/
Fig-1]. The mean age of the desaturator group was 57.73 (±10.98) 
years and that of the non-desaturators was 46.37 (±15.96) years 
(p<0.001). Among the desaturators, 90 (75.6%) were male, and 
in the non-desaturator group, 29 (24.4%) were male (p<0.001). 
The mean Body Mass Index (BMI) of the study population was 

of Chest Diseases, Kozhikode, Kerala, India. It enrolled consecutive 
patients from October 2021 to September 2022. The study received 
approval from the Institutional Human Ethics Committee (GMCKKD/
RP2021/IEC/258).

Inclusion criteria: Patients aged 18 years and above, who were 
Severe Acute Respiratory Syndrome- Coronavirus-2 Reverse 
Transcriptase Polymerase Chain Reaction (RT-PCR) positive from 
nasopharyngeal or oropharyngeal swabs, had recovered from 
severe pneumonia (with normal ABGs), and were otherwise fit for 
hospital discharge as per hospital protocol, were included in the 
study.

exclusion criteria: Subjects with concomitant neurological or 
orthopaedic diseases, or any significant cardiorespiratory diseases 
that could compromise the 6MWT results, were excluded from 
the study.

Sample size estimation: The study required a sample size of 153 
patients to estimate the expected proportion with an 8% absolute 
precision and a 95% confidence interval. This was based on a 
similar study conducted in Italy, which found the prevalence of EID 
in survivors of severe COVID-19 pneumonia to be 43% [3].

Procedure
Socio-demographic and other clinical variables were recorded, 
including the need for mechanical ventilation, Length of Stay 
(LOS) in the Intensive Care Unit (ICU) and ward, using a proforma. 
All participants underwent a formal cardiology evaluation with 
echocardiography. The study provided necessary safeguards for 
participants and staff in accordance with hospital protocols. 
A portable LUS machine (5 MHz curved transducer, Mindray 
Investment Co., Ltd.) was exclusively available for the study. 
A pulmonologist with over five years of experience in lung 
ultrasonography performed the LUS, following the standardised 
approach proposed by Soldati G et al., [10]. Fourteen quadrants 
were scanned along the paravertebral, midaxillary, and midclavicular 
lines, including three posterior, two lateral, and two anterior areas 
on either side.

Quadrants 1, 2, and 3 were located along the paravertebral line 
above the curtain sign, at the inferior angle of the scapula, and 
at the spine of the scapula, respectively. Quadrants 4, 5, and 6 
corresponded to areas on the left side. Quadrants 7, 8, and 9, 10 
were along the midaxillary line below and above the nipple line on 
the right and left sides, respectively. Quadrants 11 and 12 were on 
the right midclavicular line above and below the inter nipple line, 
with 13 and 14 as the corresponding areas on the left side. LUS 
scoring for each quadrant (scores 0 to 3) was performed, and the 
scores were summed to obtain a final score (0 to 42).

Scoring Protocol [10,11]:

Score 0-The pleural line is regular and continuous with A-lines 
present.

Score 1-The pleural line is indented with vertical areas of white lung 
visible.

Score 2-The pleural line is fragmented, with small to large areas 
of consolidation and vertical areas of white lung beneath the 
consolidated area.

Score 3-Dense and extensive vertical areas of white lung are 
present, with or without consolidation.

Subsequently, the 6MWT was performed according to the ATS 
guidelines by a respiratory therapist, under the close supervision 
of a pulmonologist [11]. Pre and post-procedure clinical data were 
noted. Patients were classified as “desaturators” if they showed 
a drop in oxygen saturation of ≥4% during the 6MWT, and the 
remaining patients were labeled as “non-desaturators” [12]. The 
6MWT was conducted after LUS scoring to prevent any bias.

demographic 
parameters overall n=153

desaturators 
n=96

non-desaturators 
n=57 p-value

Age$ 53.50±14.13 57.73±10.98 46.37±15.96 <0.001*

Male@ 119 (77.8) 90 (75.6) 29 (24.4) <0.001*

BMI$-kg/m2 24.13±4.83 23.60±3.14 25.02±6.74 0.079

Co-morbidities

Diabetes 
mellitus@ 59 (38.6) 51 (86.4) 8 (13.6) <0.001*

Hypertension@ 55 (35.9) 40 (72.7) 15 (27.3) 0.056

Chronic renal 
failure# 13 (8.5) 10 (76.9) 3 (23.1) 0.373

CAD@ 24 (15.7) 18 (75) 6 (25) 0. 176

Clinical parameters

NIV use@ 87 (56.9) 83 (95.4) 4 (4.6) <0.001*

IMV@ 24 (15.7) 24 (100) 0 (0) <0.001*

LOS ICU$ 
(days)

9.07±9.45 12.23±9.29 3.75±7.09 <0.001*

LOS total$ 
(days)

30.96±15.61 35.50±13.35 23.32±16.25 <0.001*

6MWT

Distance 
covered$ (m) 

278.89±148.27 191.13±105.26 426.70±73.73 <0.001*

Rest SpO2 
value$ 

95.33±1.82 94.52±1.63 96.70±1.23 <0.001*

Nadir SpO2 
value$ 

88.08±5.97 84.03±3.28 94.91±1.71 <0.001*

Resting HR$ 82.97±10.78 83.15±9.50 82.67±12.74 0.792

Maximum HR$ 103.71±17.78 109.49±15.24 93.96±17.60 <0.001*

Initial RR$ 22.15±4.21 24.29±2.72 18.54±3.81 <0.001*

Final RR$ 33.32±8.72 38.15±5.88 25.19±6.37 <0.001*

LUS$ 12.49±7.65 16.61±5.92 5.54±4.62 <0.001*

[Table/Fig-1]: Demographic and clinical characteristics of desaturators and non-
desaturators.
Variables are expressed as mean (SD) or percentage (%); BMI: Body mass index; CAD: Coronary 
artery disease; NIV: Non-invasive ventilation; IMV: Invasive mechanical ventilation; LOS: Length 
of stay; 6MWT: Six minute walk test; SpO2: Pulse oximetry; HR: Heart rate; RR; Respiratory rate; 
LUS: Lung ultra sound; *statistically significant
@Chi-square test; #Fisher’s-exact test; $Independent sample t-test
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24.13 (±4.83); for the desaturator group it was 23.60 (±3.14), and 
for the non-desaturator group, it was 25.02 (±6.74) (p=0.079). 
No statistically significant differences were observed between the 
groups regarding co-morbidities,, except for diabetes mellitus 
(p<0.001). After conducting the 6MWT, it was found that out of 
153 participants, 96 (62.7%) showed EID [Table/Fig-2].

DISCUSSION
This study highlights that patients recovering from severe COVID-19 
pneumonia can still experience EID even if they have normal ABGs 
at rest, indicating the need for further evaluation.

Few studies have examined the relationship between standardised 
walking tests and LUS in patients who have survived severe COVID-
19 pneumonia [3]. This current study found a higher prevalence of 
EID (62.7%) compared to a similar study by Carlucci A et al., which 
reported that up to 43% of the sample had EID [3]. The study was 
conducted in a referral center for critically ill patients in northern 
Kerala, which might account for the higher incidence of EID. Among 
the co-morbidities, diabetes mellitus showed a significant difference 
between the desaturator and non-desaturator groups. The use of 
mechanical ventilation also revealed a significant difference between 
the two groups, whereas a similar study reported no difference [3]. 
This discrepancy may be due to the higher proportion of critically ill 
subjects in the present study population. Total Length of Stay (LOS), 
as well as ICU LOS, differed significantly between the groups, which 
is consistent with similar studies [3].

This could be due to the higher likelihood of mechanical ventilation 
use in the desaturator group. Resting SpO2, nadir SpO2, resting, 
and maximum heart rate during the 6MWT also showed significant 
differences between the two groups. Except for the resting SpO2 
value, these findings were comparable to other studies [3]. Multivariate 
analysis revealed diabetes mellitus and maximum heart rate to be 
non-significant. Contrary to the comparable study, our study found 
a significant difference in the distance covered during the 6MWT 
between the two groups [3]. The increased number of re-admissions 
during the COVID-19 pandemic could be attributed to persistent EID, 
suggesting that similar, larger studies could lead to a policy change in 
the management of severe COVID-19 pneumonia.

A median LUS score greater than or equal to 8.5 was shown to 
accurately predict EID in the present study. Carlucci A et al., found 
a similar value [3]. During the COVID-19 pandemic, the predictive 
accuracy of LUS was researched and found to be beneficial. A higher 
LUS score was associated with greater pneumonia severity [13]. 
A LUS greater than 14 is linked to worse outcomes [14]. A recent 
systematic review showed a 40% reduction in DLCO in post-infection 
COVID-19 patients [15]. However, access to a pulmonary function 
testing facilities can be practically challenging during the COVID-19 
pandemic. Although the 6MWT is an easy, simple, and inexpensive 
test that provides useful information on submaximal exercise capacity, 
its execution requires a corridor of about 20 to 30 meters [16].

More importantly, the study subjects need to be mobilised to the 
site, which becomes all the more difficult during a pandemic. 
Ultrasound has now become ubiquitous in ICUs across the globe, 
and its utility for diagnosis and monitoring has increased markedly 
[17]. It is now increasingly used by emergency and critical care 
professionals as well as pulmonologists [18]. Therefore, wherever an 
ultrasound machine and expertise are available, it will be helpful to 
triage severe COVID-19 pneumonia survivors who have significant 
EID. Those with significant EID may eventually require a pulmonary 
rehabilitation program or prolonged clinical follow-up. There are few 
studies available in the literature addressing this pertinent issue, and 
this study has attempted to fill the knowledge gap.

Limitation(s)
First, the research was conducted in a tertiary care referral center 
dedicated to severe COVID-19 cases in northern Kerala. The majority 
of patients were critically ill and required mechanical ventilation. 
Consequently, the study population may have been biased towards 
more severe cases. Second, due to the protocol followed at the 
institution, Computerised Tomography Pulmonary Angiography 
(CTPA) was not performed in most of the patients. Therefore, the 
prevalence of concurrent pulmonary thromboembolism in the study 
population remains unclear.

[Table/Fig-2]: The prevalence of significant desaturation in the study population.

[Table/Fig-3]: ROC curve of lung ultra sound score for predicting significant 
desaturation.
AUC=0.920

In terms of treatment for ARF, 87 (56.9%) received NIV, while 
24 (15.7%) required IMV with the frequency of their use differing 
significantly between the two groups. In the desaturator group, the 
mean nadir SpO2 (%) was 84.03±3.28 compared to 94.91±1.71 
in the non-desaturator group, a difference that was statistically 
significant (p<0.001). The desaturator group had a significantly 
higher LUS score than the non-desaturator group (12.23±9.29 
vs 5.54±4.62; p<0.001). From the ROC curve [Table/Fig-3], the 
best cut-off value of LUS for discriminating desaturators from non-
desaturators during the 6MWT was 8.50, with a sensitivity of 0.90 
and a specificity of 0.84, and an Area Under the ROC Curve (AUC) 
of 0.920 with a 95% CI (0.876-0.963).
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CONCLUSION(S)
The prevalence of EID was as high as 62.7% among COVID-19 
patients who had recovered from severe pneumonia. A LUS score of 
8.5 or higher may be used to reliably predict those who significantly 
desaturate, allowing for further clinical evaluation and referral to a 
pulmonary rehabilitation program. Further large-scale prospective 
research may be needed to validate the effectiveness of the LUS 
score threshold for forecasting EID, as COVID-19 is expected to 
persist for an extended period with the potential for intermittent 
pandemic waves.

REFERENCES
 Da Silva SJR, do Nascimento JCF, Germano Mendes RP, Guarines KM, Targino [1]

Alves da Silva C, da Silva PG, et al. Two years into the COVID-19 pandemic: 
Lessons learned. ACS Infect Dis. 2022;8(9):1758-814.

 Wu Z, McGoogan JM. Characteristics of and important lessons from the [2]
Coronavirus Disease 2019 (COVID-19) outbreak in China: Summary of a report 
of 72314 cases from the Chinese Center for Disease Control and Prevention. 
JAMA. 2020;323(13):1239-42.

 Carlucci A, Paneroni M, Carotenuto M, Bertella E, Cirio S, Gandolfo A, et al. [3]
Prevalence of exercise-induced oxygen desaturation after recovery from SARS-
CoV-2 pneumonia and use of lung ultrasound to predict need for pulmonary 
rehabilitation. Pulmonology [Internet]. 2021 Jun 4 [cited 2022 Dec 18]. Available 
from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8175480/.

 Wang Y, Dong C, Hu Y, Li C, Ren Q, Zhang X, et al. Temporal changes of [4]
CT findings in 90 patients with COVID-19 pneumonia: A longitudinal study. 
Radiology. 2020;296(2):E55-64.

 Lerum TV, Aaløkken TM, Brønstad E, Aarli B, Ikdahl E, Lund KMA, et al. [5]
Dyspnoea, lung function and CT findings 3 months after hospital admission for 
COVID-19. Eur Respir J. 2021;57(4):2003448.

 Vitacca M, Paneroni M, Brunetti G, Carlucci A, Balbi B, Spanevello A, et al. [6]
Characteristics of COVID-19 pneumonia survivors with resting normoxemia 
and exercise-induced desaturation. Respir Care. 2021;66(11):1657-64.

 Blazic I, Cogliati C, Flor N, Frija G, Kawooya M, Umbrello M, et al. The use of [7]
lung ultrasound in COVID-19. ERJ Open Res. 2023;9(1):00196-2022.

 Felix HC, Seaberg B, Bursac Z, Thostenson J, Stewart MK. Why do patients [8]
keep coming back? Results of a readmitted patient survey. Soc Work Health 
Care. 2015;54(1):01-15.

 Peixoto AO, Costa RM, Uzun R, Fraga AMA, Ribeiro JD, Marson FAL. [9]
Applicability of lung ultrasound in COVID-19 diagnosis and evaluation of the 
disease progression: A systematic review. Pulmonology. 2021;27(6):529-62.

 Soldati G, Smargiassi A, Inchingolo R, Buonsenso D, Perrone T, Briganti DF, et al. [10]
Is there a role for lung ultrasound during the COVID-19 pandemic? J Ultrasound 
Med. 2020;39(7):1459-62.

 Soldati G, Smargiassi A, Inchingolo R, Buonsenso D, Perrone T, Briganti DF, [11]
et al. Proposal for international standardization of the use of lung ultrasound 
for patients with COVID-19: A simple, quantitative, reproducible method. 
J Ultrasound Med. 2020;39(7):1413-19.

 Casanova C, Cote C, Marin JM, Pinto-Plata V, de Torres JP, Aguirre-Jaíme A, et [12]
al. Distance and oxygen desaturation during the 6-min walk test as predictors 
of long-term mortality in patients with COPD. Chest. 2008;134(4):746-52.

 Zieleskiewicz L, Markarian T, Lopez A, Taguet C, Mohammedi N, Boucekine M, [13]
et al. Comparative study of lung ultrasound and chest computed tomography 
scan in the assessment of severity of confirmed COVID-19 pneumonia. Intensive 
Care Med. 2020;46(9):1707-13.

 A new lung ultrasound protocol able to predict worsening in patients affected [14]
by severe acute respiratory syndrome coronavirus 2 Pneumonia [Internet]. [cited 
2022 Dec 18]. Available from: https://onlinelibrary.wiley.com/doi/epdf/10.1002/
jum.15548.

 Torres-Castro R, Vasconcello-Castillo L, Alsina-Restoy X, Solis-Navarro L, Burgos [15]
F, Puppo H, et al. Respiratory function in patients post-infection by COVID-19: 
A systematic review and meta-analysis. Pulmonology. 2021;27(4):328-37.

 Torres-Castro R, Núñez-Cortés R, Larrateguy S, Alsina-Restoy X, Barberà JA, [16]
Gimeno-Santos E, et al. Assessment of exercise capacity in post-COVID-19 
patients: How is the appropriate test chosen? Life. 2023;13(3):621.

 Critical care ultrasound | SpringerLink [Internet]. [cited 2023 May 6]. Available [17]
from: https://link.springer.com/article/10.1007/s00134-022-06735-9.

 Five Trends Shaping the Future of the Global Ultrasound Market-Signify Research [18]
[Internet]. [cited 2023 May 6]. Available from: https://www.signifyresearch.net/
medical-imaging/five-trends-shaping-future-global-ultrasound-market/.

ParTICuLarS of ConTrIBuTorS
1. Assistant Professor, Department of Pulmonary Medicine, Government Medical College, Alappuzha, Kerala, India.
2. Professor and Head, Department of Pulmonary Medicine, Institute of Chest Diseases, Government Medical College, Kozhikode, Kerala, India.
3. Assistant Professor, Department of Pulmonary Medicine, Institute of Chest Diseases, Government Medical College, Kozhikode, Kerala, India.

Date of Submission: feb 01, 2023
Date of Peer Review: apr 17, 2023
Date of Acceptance: dec 30, 2023

Date of Publishing: apr 01, 2024

auThor deCLaraTIon:
•  Financial or Other Competing Interests:  None
•  Was Ethics Committee Approval obtained for this study?  Yes
•  Was informed consent obtained from the subjects involved in the study?  Yes
•  For any images presented appropriate consent has been obtained from the subjects.  NA

PLaGIarISM CheCKInG MeThodS: [Jain H et al.]

•  Plagiarism X-checker: Feb 04, 2023
•  Manual Googling: May 18, 2023
•  iThenticate Software: Dec 26, 2023 (12%)

naMe, addreSS, e-MaIL Id of The CorreSPondInG auThor:
Dr. GS Praveen,
Saketham, ARA 57, Aithady Road, Thuruvickal PO, Ulloor,  
Thiruvananthapuram-695011, Kerala, India.
E-mail: praveenchest@gmail.com

eTyMoLoGy: Author Origin

eMendaTIonS: 7

http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

