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ABSTRACT

Background - In Coronavirus diseasel9 (COVID-19) majority of the patients had been
associated with multiple organ damage. The major manifestation of COVID-19 infection is
Pneumonia. Computed tomography (CT) Thorax has emerged as a diagnostic tool for assessing
pulmonary involvement in COVID-19, while Breath-Holding Time (BHT) represents a simple
yet informative measure of respiratory function. The aim of the study was to explore the
relationship between Breath Holding time and CT Thorax in Long COVID-19 patient.

Methods — An Ambi-directional study involving 50 Long COVID patients with CO-RADS > 1.

Results — In this study population, majority were males. Among co-morbidities majority of the
patients were having diabetes. The results showed a significant correlation between CO-RADS
score and Breath Holding Time. Patients with higher CO-RADS scores, indicating more severe
lung abnormalities on CT scans, had shorter breath holding times.

Conclusion - There is a strong correlation between CO-RADS score and Breath Holding Time
in Long COVID patients, indicates that the severity of lung abnormalities on CT Thorax is
associated with impaired lung function and reduced breath holding capacity. Breath Holding
Time (BHT) can be used as a simple, non-invasive measure of lung function in Long COVID
patients and also to follow up lung function over time.

Keywords — COVID -19, CO-RADS, Breath Holding Time, CT Thorax, Respiratory symptoms

INTRODUCTION

In the COVID-19 pandemic, most patients exhibited damage across multiple organ systems with pneumonia being
the predominant clinical presentation of the infection. [1]. Long COVID, also known as post-acute sequelae of
SARS-CoV-2 infection (PASC), refers to the persistence of symptoms beyond the acute phase of COVID-19
illness. More than half of the adult survivors of COVID-19 infection have ‘Long COVID’ [2,3]. The COVID-19
pandemic had brought about unprecedented challenges to global healthcare system, with clinical manifestations
ranging from mild respiratory symptoms to severe respiratory distress. Cough and dyspnea were reported in nearly
30% of patients with Long COVID-19, including those with mild infections that do not necessitate hospitalization
[4,5]. During each of the surges in COVID case rates, hospitals were under immense pressure [6,7,8]. Computed
tomography (CT) Thorax has emerged as a valuable tool for assessing pulmonary involvement in COVID-19,
while Breath-Holding Time (BHT) represents a simple yet informative measure of respiratory function. Based on
CT Thorax, COVID-19 Reporting and Data System (CO-RADS) provides a grading system for pulmonary

1325



TPM Vol. 32, No. S3, 2025 }

ISSN: 1972-6325
https://www.tpmap.org/

Open Access

involvement of COVID-19. In COVID-19 cases, the characteristic CT features typically include bilateral ground-
glass opacities and consolidation with a peripheral distribution [9]. Due to the similar etiological mechanisms and
CT findings, COVID-19 pneumonia may show characteristics associated with the common cold, influenza, and
other coronaviruses, such as severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome
(MERS) [10,11,12,13,14]

Understanding the correlation between BHT and CT findings in long COVID patients has important clinical
implications for risk stratification, monitoring, and management. By elucidating the relationship between
functional respiratory parameters and radiological manifestations of pulmonary involvement, clinicians can better
identify individuals at risk of respiratory impairment and tailor interventions to address specific deficits.
Moreover, identifying reliable biomarkers of respiratory dysfunction may facilitate early detection of
complications and inform therapeutic decision-making in long COVID patients.

The aim of this study is to explore the relationship between Breath Holding time and CT Thorax in Long COVID-
19 patients. This sets the stage for further evaluation of the correlation between BHT and CT findings in long
COVID patients, emphasizing the potential clinical implications and the need for further research in this emerging
field. Following SARS-CoV-2 infection, these relationships are crucial for optimizing the treatment and care of
individuals experiencing prolonged respiratory symptoms.

METHODS

It is an Ambi-directional study conducted on 50 patients at a tertiary care hospital in South India, over a period of
4 months from November 2023 to February 2024 with history of COVID 19 pneumonia and CO-RADS score >
1.

BHT will be assessed using standardized protocols, with participants instructed to take a maximal inspiration and
hold their breath for as long as possible while seated comfortably. The duration of breath-holding will be recorded
in seconds using a stopwatch [15]

High-resolution CT scans of the chest was be performed following standard clinical protocols to evaluate
pulmonary abnormalities. CT images were reviewed by experienced radiologists with specific attention to
features such as ground-glass opacities, consolidation, fibrotic changes, and vascular remodelling.

INCLUSION CRITERIA -
18 years and above, who had tested RTPCR positive for COVID-19 with CO-RADS score > 1.
EXCULSION CRITERIA-

Asymptomatic patients with no radiographic evidence of pneumonia, pregnant women, patients with age <18
years and patients with previous diagnosis of pulmonary disease.

STATISTICAL ANALYSIS -
The data were analysed by using statistical software (such as SPSS)
ETHICAL CONSIDERATION-

The study was approved by ethical review committee of the institution. Names and any other identifying
information were removed from the final analysis sheets.

RESULTS —

A sample of 50 patients was investigated, 62% of the patients were males and 38% of the patients were females.
(figure 1). Out of 50 study populations, 17 patients (34%) had diabetes, 11 (22%) had systemic hypertension, 10
(20%) had obstructive airway disease and 6 (12%) had coronary artery disease (figure 2). (Figure 3) shows the
frequency distribution of CO-RADS score among population, 13 patients had CO-RADS score of 1 and 2, 14 had
a score of 3 and 10 had CO-RADS of 4. (Figure 4) shows the correlation between CO-RADS score and average
breath holding time, as the CO-RADS score increases, average breath holding time decreases. A declining trend
is seen in CO-RADS score and mean BHT (figure 5) in which patient with CO-RADS 1 had mean BHT of 29.8s,
CO-RADS 2 — 27.1s, CO-RADS 3- 22.9s, CO-RADS 4- 13.9s respectively. There is significant association
between Breath Holding time and CO-RADS score (p value < 0.05).
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The results showed a significant correlation between CO-RADS score and Breath Holding Time. Patients with
higher CO-RADS scores, indicating more severe lung abnormalities on CT scans, had shorter breath holding.

DISCUSSION

COVID-19 Patients usually presents with hypoxemia-driven tachypnea and hyperpnea[16,17] and it also causes
damage to the epithelium[18-20]. COVID-19 patients are associated with breath holding desaturation and
increased radiological severity. The correlation between breath-holding time (BHT) and computed tomography
(CT) findings in long COVID patients can provide valuable insights into the respiratory manifestations and
potential lung involvement in this condition. For the Assessment of Lung Function, BHT is a safe, simple and
non-invasive test used to evaluate lung function and respiratory reserve. It measures the individual’s ability to
hold their breath after a maximal inhalation. Prolonged BHT may indicate better lung function and respiratory
reserve. Previous studies had shown, persistent fibrotic changes in the CT for beyond 6 months, in patients who
survived severe COVID-19 [21-23] These changes are mainly associated with older age, tachycardia, longer
hospital stays, non-invasive mechanical ventilation, acute respiratory distress syndrome and a higher initial chest
CT score [21-23]

In the study population, majority of the patients were males (62%), similarly studies done by Teles GBDS et al
[24] and Messineo L et al [25] showed male predominance. Majority of the patients had Diabetes as Risk factor
(34%) followed by hypertension (22%), but study conducted by Yanamandra U et al [26] showed hypertension as
the major risk factor. In the study, patients with higher CO-RADS scores, indicating more severe lung
abnormalities on CT scans, had shorter breath holding times, which showed significant association between Breath
Holding time and CO-RADS score (p value < 0.05), whereas study conducted by Messineo L et al [25] also
showed breath-holding desaturation was associated with radiological severity. In a study conducted by Teles
GBDS et al [24] the main abnormality in lung function was reduction in DLCO% predicted.

The findings of the study revealed a significant correlation between BHT and quantitative CT parameters,
indicative of pulmonary involvement in long COVID patients. Specifically, decreased BHT was associated with
more extensive pulmonary abnormalities observed on CT scans, including features such as ground-glass opacities,
consolidation, fibrotic changes, and vascular remodelling. These results suggest that BHT, as a simple and non-
invasive measure of respiratory function, may serve as a valuable clinical indicator of underlying pulmonary
pathology in long COVID patients.

Limitations

Several confounding factors, such as age, smoking history, pre-existing lung conditions, and concurrent
medications, may influence both BHT and CT findings independently of long COVID.

CONCLUSION

There is a strong correlation between CO-RADS score and Breath Holding Time in Long COVID patients,
indicates that the severity of lung abnormalities on CT Thorax is associated with impaired lung function and
reduced breath holding capacity. Breath Holding Time (BHT) can be used as a simple, non-invasive measure of
lung function in Long COVID patients and also to follow up lung function over time. Breath Holding Time may
be a prognostic indicator for Long COVID patients, having shorter breath holding times being associated with
worse outcomes. Further evaluation, larger studies are required.

The identification of BHT as a potential biomarker of respiratory impairment in long COVID patients has
important clinical implications for risk stratification, monitoring, and management. Given its simplicity and
accessibility, BHT could be integrated into routine clinical assessments to facilitate early detection of respiratory
dysfunction and guide interventions aimed at improving lung function and symptom management. Incorporating
BHT measurements into comprehensive rehabilitation programs may help tailor therapeutic interventions,
including respiratory muscle training, pulmonary rehabilitation, and physical therapy, to address specific deficits
and optimize functional outcomes in long COVID survivors.

Overall, the correlation between BHT and CT findings represents a step forward in our understanding of the
complex respiratory sequelae of COVID-19 and underscores the importance of comprehensive assessment
strategies in the management of long COVID patients. By leveraging both functional and structural measures of
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respiratory health, clinicians can optimize patient care and rehabilitation efforts, ultimately improving the long-
term outcomes for individuals affected by post-acute COVID-19 syndrome.
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FIGURE 1 — GENDER DISTRIBUTION
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FIGURE 2 — COMORBIDITIES OF THE PATIENTS
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FIGURE 3- FREQUENCY DISTRIBUTION OF CO-RADS SCORE AMONG POPULATION
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FIGURE — 4 CORRELATIOBN BETWEEN CO-RADS SORE AND BREATH HOLDING
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FIGURE 5 — CO-RADS SCORE AND AVERAGE BREATH HOLDING TIME.
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