Evaluation of the Lung Function and Findings of Lung Parenchymal Involvement in Delayed Phase High-resolution Computerized Tomography in Patients with COVID-19
Abstract 
Background: Coronavirus disease 2019 (COVID-19) has been a leading cause of death worldwide in recent years, and there are still many unexplained problems. The present study aimed to evaluate the relationship between lung function and lung parenchymal involvement in patients with COVID-19 using delayed-phase High-Resolution Computerized Tomography (HRCT).
Methods: This cross-sectional study was conducted on patients with COVID-19 who were referred to hospitals affiliated with Mashhad University of Medical Sciences, Mashhad, Iran, from March 2022-February 2023. All patients with post-acute COVID-19 over 12 weeks of follow-up were included in the study. All patients were subjected to an HRCT of the lung to determine the presence and extent of remaining pulmonary involvement. All data were analyzed in SPSS software (version 22, Chicago, IL, USA), and a p-value less than 0.05 was considered statistically significant.
Results: A total of 40 patients were included in this study, 27 (67.50%) and 13 (32.50%) of whom were male and female, respectively. The mean age of the patients was reported as 55.92±14.25 years. The results obtained from the statistical analysis pinpointed that the frequency of diabetes in patients with abnormal CT was significantly higher than in patients with normal CT scans (P<0.05). Moreover, based on the laboratory findings of white blood cells (WBC) level (P<0.05), as well as the percentages of polymorphonuclear leukocytes (PMN) (P<0.05) and lymphocytes (P<0.05), there was a significant difference between the two groups of abnormal CT and normal CT. Based on lung function tests, the forced vital capacity (FVC) level of patients with normal CT scans was significantly higher than that of patients with pathological CT scans (P<0.05).
Conclusion: As evidenced by the results of the current study, hospitalized patients with Covid-19 had pathological findings in both imaging and lung function tests after nearly three months, indicating the presence of long-term complications in patients. Nonetheless, studies with a larger sample size and a longer follow-up period should be conducted to obtain more accurate evidence.
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Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a positively single-stranded ribonucleic acid virus from the Coronaviridae family, causing severe acute respiratory syndrome. This virus causes coronavirus disease 19 (COVID-19), as termed by the world health organization (WHO) (1). COVID-19 has been demonstrated to be a highly contagious and potentially lethal infection, which can be spread directly and indirectly through an infected person's respiratory tract, whether or not they are symptomatic (2). Patients' mortality rates vary according to their geographical location and the type of disease. It is mainly confined to the lower respiratory tract, with a widely spread tropism (3).
Pneumonia seems to be the most common serious sign of infection, along with fever, cough with or without sputum, dyspnea, pain in the muscles or fatigue, sore throat, anosmia and ageusia, gastrointestinal symptoms, headache, and bilateral infiltrations (4). Specific clinical characteristics that can be used to distinguish COVID-19 from other viral respiratory infections have not been known so far; nonetheless, the development of dyspnea several days after the onset of initial symptoms can suggest this issue (5). Imaging studies, such as X-rays and high-resolution computed tomography (HRCT), are crucial for diagnosing, managing, and tracking this disease. However, the findings vary according to immune status, age of the patient, comorbidities, and disease progression (6). The molecular nasopharyngeal swab is the gold standard diagnostic test, specifically, real-time polymerase chain reaction (RT-PCR), which amplifies specific virus genetic sequences (7).
In the few years since the COVID-19 outbreak, the epidemiological and clinical characteristics, as well as the pathogenesis and complications, of these patients in the acute phase have been fully described. Nevertheless, the long-term consequences of the disease are still unclear to physicians and scientists (8). Therefore, in order to increase the knowledge of doctors in this area, it is imperative that long-term studies be conducted in order to observe patients' persistent symptoms, their pulmonary function, as well as other physical and mental problems, long after they have been discharged (9, 10). Symptoms, such as fatigue and dyspnea, impaired pulmonary function, and chest imaging abnormalities, persist in patients after hospital discharge. Post-discharge symptoms are still a subject of controversy since it is not yet clear what exactly they look like. The relationship between chest imaging (such as CT scan) and patients' lung function in long-term follow-ups, which can be prolonged after acute injury, has yet to be reported in a reliable study 
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In general, as mentioned, there seems to be a need to conduct more studies regarding the relationship between lung involvement in CT scans and lung function test disorder following COVID-19. In light of the aforementioned issues, the present study aimed to evaluate the relationship between lung function and findings of lung parenchymal involvement in delayed phase HRCT in patients with COVID-19.
Material and Methods
Study population
This cross-sectional study was conducted on 40 patients with COVID-19 who were referred to hospitals affiliated with Mashhad University of Medical Sciences, Mashhad, Iran, from March 2022-February 2023. The required patients' information was extracted from the picture archiving and communication system (PACS), files, and hospital information system (HIS) of the hospital. The inclusion criteria were as follows: having a positive PCR test for COVID-19 and sustained pulmonary involvement for 12 weeks after the diagnosis of infection. On the other hand, the exclusion criteria entailed the presence of any chronic lung disease (including interstitial, restrictive, and obstructive diseases, such as asthma and chronic obstructive pulmonary disease), excessive obesity (BMI greater than 30), connective tissue diseases (vasculitis) chest wall diseases, neuromuscular disorders, and a history of malignancy, chemotherapy, and chest radiotherapy.
Study protocol
All patients with post-acute COVID-19 over 12 weeks of follow-up were included in the study if they were willing to participate in the study and provided written informed consent. All patients were subjected to an HRCT of the lung to determine the presence and extent of remaining pulmonary involvement. The CT scan images were evaluated by a radiologist with 10 years of experience, who was blinded to the patient's final outcome.

The images were checked for the presence and severity of ground-glass, consolidation, traction bronchiectasis, architectural distortion, and honeycombing areas. Ground-glass in the form of blurred areas of increased density without obliterating the underlying vascular and bronchial structures, consolidation in the form of areas of increased density with the obliteration of the underlying structures, traction bronchiectasis in the form of dilated bronchi with irregular walls accompanied by parenchymal disorders, architectural distortion in the form of presence displacement or confusion of interlobar fissures, interlobular septa, bronchi or vessels and honeycombing was defined as the presence of cystic air spaces with a diameter of 2-10 mm with a clear wall.
Furthermore, CT scan findings were graded from 1-6 as grade 1(normal density), grade 2(ground-glass opacification/opacity), grade 3 (reticular pattern or increased septa thickness), grade 4 (ground glass with bronchiectasis or traction bronchiolectasis), grade 5( consolidation with bronchiectasis or traction bronchiolectasis), and grade 6 (honeycombing). The existence of each of these six grades was assessed separately in each of the three zones of each lung. This included the upper zone(the area above the carina), the middle zone(the space between the carina surface and the level of the inferior pulmonary vein), and the lower zone(the area below the inferior pulmonary vein).
The extent of each disorder was evaluated by multiplying the percentage of involvement (to the nearest 10%) in each zone and calculating the average of the obtained numbers. In this way, a final score was determined for each patient, between 100 and 600. All patients underwent pulmonary function tests. Finally, the pulmonary function of the patients was compared with their respiratory involvement in HRCT to determine the relationship between these variables.
Statistical analysis 
Means, standard deviations, and/or percentages were used to describe the descriptive data. The normality of the data was checked prior to data analysis using Shapiro–Wilk test. The Chi-Square and student's t-test were employed in order to analyze the data. The data were analyzed in SPSS software (version 22, Chicago, IL, USA). Statistical significance was defined as a p-value less than 0.05.
Ethical considerations 
The Ethics Committee of Mashhad University of Medical Sciences reviewed and approved the study protocol as part of its review and approval of the research project (No:….). 
Results 
A total of 40 patients were included in this study, 27 (67.50%) and 13 (32.50%) of whom were male and female, respectively. The mean age of patients was 55.92±14.25 years. In terms of underlying diseases, 22 (55%), 20 (50%), and 11 (27.5%) of cases had hypertension, diabetes, and ischemic heart disease, respectively. Laboratory findings, SPO2 level, and lung function tests of the patients at the time of the visit are presented in Table 1. 
Table 1: the results of laboratory, SPO2 level, and lung function of patients
	Variable 
	Mean ± SD
	Minimum 
	Maximum 

	SPO2 (%)
	70.67 ± 9.42
	50
	90

	WBC (109/L)
	10.42 ± 5.47
	2.6
	24

	PMN (%)
	86.62 ± 4.54
	74
	95

	Lymph (%)
	11.59 ± 10.18
	1
	48

	Hemoglobin (g/L)
	13.22 ± 2.06
	8
	16

	CRP (mg/dL) 
	128.26 ± 84.59
	19
	302

	ESR (mm/h)
	47.41 ± 38.64
	1
	150

	d-dimer (ng/mL)
	2157 ± 1744
	100
	5200

	LDH (IU/L)
	966 ± 436
	74
	2515

	AST (IU/L)
	52.20 ± 34.99
	13
	218

	ALT (IU/L)
	56.91 ± 53.18
	13
	315

	Lung function tests

	FEV1
	77.55 ± 12.38
	56
	100

	FVC
	86.35
	70
	98

	FEV1/FVC
	81.20 ± 7.37
	69
	99

	TLC
	67.32 ± 12.86
	42
	92

	DLCO
	82.59 ± 5.46
	73
	93

	6MVT (m)
	326 ± 60
	209
	481

	WBC: White blood cells; PMN: Polymorphonuclear leukocytes; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; LDH: Lactate dehydrogenase; AST: Aspartate aminotransferase; ALT: Alanine transaminase; FEV1: Forced expiratory volume in 1 second; FVC: Forced vital capacity; TLC: Total lung capacity; DLCO: Diffusing capacity of lung for carbon monoxide; 6MVT: 6-minute walk test.


The findings of the CT scan performed on the patients after 12 weeks after the onset of the disease demonstrated that 10 (25%) patients were grade 1 or normal, and 30 (75%) subjects were abnormal. Moreover, 8 (20%), 8 (20%), 6 (15%), 5 (12.5%), and 3 (7.5%) patients with abnormal CT scans were grades 2, 3, 4, 5, and 6, respectively. The mean lung involvement in patients with COVID-19 was 135.47±26.30, and based on the involved zone, 18 (15%), 10 (25%), and 3 (7.5%) cases were upper zone, middle zone, and lower zone, respectively. The results obtained from the statistical analysis illustrated that the frequency of diabetes in patients with abnormal CT was significantly higher than that in patients with normal CT (P<0.05). Moreover, based on the laboratory findings of white blood cells (WBC) level (P<0.05), polymorphonuclear leukocytes (PMN) percentage (P<0.05), and lymphocyte percentage (P<0.05), there was a significant difference between the two groups of abnormal CT and normal CT. Based on lung function tests, the forced vital capacity (FVC) level of patients with normal CT scans was significantly higher than that of patients with pathological CT scans (P<0.05) (Table 2).
Table 2: Comparison of different parameters of patients based on normal and abnormal CT
	Variable
	Normal CT
	Abnormal CT
	P-value 

	Gender N (%)
	Male 
	8 (80) 
	19 (63.3)
	0.330*

	
	Female 
	2 (20)
	11 (36.7)
	

	Underlying disease N (%)
	High blood pressure
	5 (55.6)
	17 (63)
	0.712*

	
	Diabetes
	2 (20)
	18 (60)
	

	
	Ischemic heart
	3 (33.3)
	8 (32)
	

	Age (Mean ± SD)
	55.50 ± 15.12
	56.07 ± 14.21
	0.915**

	SPO2 (%) (Mean ± SD)
	72.90 ± 8.95
	69.90 ± 9.60
	0.392*

	WBC (109/L) (Mean ± SD)
	7.57 ± 3.01
	11.37 ± 5.80
	0.012*

	PMN (%) (Mean ± SD)
	83.26 ± 5.00
	87.65 ± 3.92
	0.014*

	Lymph (%) (Mean ± SD)
	19.18 ± 14.70
	8.89 ± 6.37
	0.004*

	Hemoglobin (g/L) (Mean ± SD)
	13.83 ± 2.50
	13.06 ± 1.95
	0.390*

	CRP (mg/dL) (Mean ± SD)
	109.2 ± 92.9
	133.5 ± 83.1
	0.479*

	ESR (mm/h) (Mean ± SD)
	44.44 ± 36.86 
	48.48 ± 39.94
	0.793*

	d-dimer (ng/mL) (Mean ± SD)
	1297 ± 825
	2415 ± 1876 
	0.051*

	LDH (IU/L) (Mean ± SD)
	925 ± 255
	975 ± 469 
	0.821*

	AST (IU/L) (Mean ± SD)
	51 ± 24.19
	52 ± 37.99
	0.914*

	ALT (IU/L) (Mean ± SD)
	48.38 ± 22.8
	59.44 ± 59.41
	0.612

	FEV1 (Mean ± SD)
	81.20 ± 13.13
	76.33 ± 12.10
	0.287*

	FVC (Mean ± SD)
	91.20 ± 3.91
	84.73 ± 5.98
	0.003*

	FEV1/FVC (Mean ± SD)
	84.35 ± 8.01
	80.15 ± 6.97
	0.120*

	TLC (Mean ± SD)
	71.92 ± 12.86
	65.79 ± 12.70
	0.195*

	DLCO (Mean ± SD)
	84.23 ± 5.23
	82.04 ± 5.46
	0.278*

	6MVT (m) (Mean ± SD)
	355 ± 58
	316 ± 59
	0.080*

	WBC: White blood cells; PMN: Polymorphonuclear leukocytes; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; LDH: Lactate dehydrogenase; AST: Aspartate aminotransferase; ALT: Alanine transaminase; FEV1: Forced expiratory volume in 1 second; FVC: Forced vital capacity; TLC: Total lung capacity; DLCO: Diffusing capacity of lung for carbon monoxide; 6MVT: 6-minute walk test.

* Chi-square test

** Independent T-test


Discussion 
Several perplexing clinical syndromes have been associated with COVID-19, and their effects will last long after the pandemic is over. To manage the long-term consequences of infections, the respiratory community must be well-equipped with sufficient resources and prepared to detect them (11). In the present study, the patients who were hospitalized due to Covid-19 underwent a lung HRCT after 12 weeks from the onset of the symptoms. According to the obtained results, only 25% of the patients had normal CT scans after 12 weeks, and the remaining 75% had pathological findings found on their CT scans. The statistical analysis indicated that the frequency of diabetes, WBC level, PMN percentage, and lymphocyte percentage in patients with abnormal CT was significantly higher than in patients with normal CT. In addition, the FVC level of patients with normal CT scans was significantly higher than that of patients with pathological CT scans.
The results of the current study pointed out that in CT scans, ground-glass opacity or consolidation, reticular pattern, or increased septa thickness were common findings. In a similar vein, Balbi et al. (14), Wang et al. (15), and Pan et al. (16) demonstrated that the most common finding is ground glass pacing with a reticular pattern. In addition, there is evidence of bronchial dilatation and collapse of the lung structure. The abnormalities on CT were consistent with those described in previous studies (17, 18),v which indicated opacifications/opacities on ground-glass and linear and reticular opacities that increased during illness and consolidations that substantially diminished after the acute phase. In addition to parenchymal bands, reticulation has been associated with architectural distortion, possibly related to pneumonia or atelectasis (19). Balbi et al. reported that only a small percentage of patients had pure faint ground-glass opacification, especially those with lower peak radiographic involvement, possibly indicating a late recovery stage (14). Although residual CT abnormalities in survivors of COVID-19 remain speculative, it remains to be determined whether their response to injury will heal without permanent damage or evolve into fibrosis, which requires more studies with longer follow-ups in the future.
The comparison between demographic characteristics of patients whose CT scan was normal and patients with pathological CT scan demonstrated no significant difference between the two groups in terms of age and gender. This is despite the fact that some previous studies have reported more pathological findings in older patients and male patients. Based on this, they concluded that the speed of recovery may be lower in these patients than in others, and the outcomes are more unfavorable (20, 21). The results of the present study do not confirm this issue; however, the small number of samples can reduce the accuracy of the obtained results.
According to Kerget et al., diabetes and hypertension were the most common comorbidities among patients hospitalized with COVID‐19 (22). The prevalence of diabetes in patients with abnormal CTs is significantly higher than in those with normal CTs, according to the current study. Based on a comparison of laboratory parameters, it was revealed that patients who recovered from severe illnesses still had elevated ferritin and lactate dehydrogenase (LDH) levels at 4 weeks, as well as persistent LDH elevations at 12 weeks, which is consistent with previous observations (23, 24). At both 4 and 12 weeks of follow-up, Kerget et al. reported that MPV levels, which are used as a measure of active inflammation, were low in patients recovering from severe COVID‐19 (22). Following three months post-discharge, Nateghi et al. demonstrated a significant decrease in D dimer, PMN, Ferritin, C-reactive protein(CRP), polymorphonuclear neutrophils (PMN), LDH, and HB amounts. A significant increase was also observed in the means of Lymph and PLT (25).
 The results of the present study pinpointed that, based on the laboratory findings of patients with pathological CT, the amount of plasma WBC, PMN, and lymphocytes was significantly higher than that of patients with normal CT. Regarding other laboratory findings, including hemoglobin, platelets, CRP, Erythrocyte Sedimentation Rate(ESR), D-dimer, LDH, aspartate aminotransferase (AST), and Alanine transaminase (ALT), although there were slight differences between the two groups, none of the cases were statistically significant. Many of the articles that were included did not discuss the COVID-19 discharge criteria at all. A variety of factors, such as the availability of laboratory diagnostic resources, the capacity of the healthcare system, and the current epidemiological situation, can exert a significant impact on the hospital discharge criteria in different regions of the country.
Based on this, the FEV1 and FEV1/FVC ratio were similar in the two groups; nonetheless, the FVC in patients with normal CT was significantly higher than in patients with pathological CT. Diffusing capacity of the lungs for carbon monoxide (Dlco) and Total Lung Capacity(TLC) were not significantly different between the two groups. Moreover, in the 6MVT, although patients with normal CT had walked a greater distance on average than patients with pathological CT, this difference was not statistically significant. Based on these findings, it seems that at least a part of the lung function is affected by the pathologies developed in patients after COVID-19. In this regard, studies conducted in the past years on patients who survived the SARS epidemic have also yielded similar results 
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. In the present study, the functional test that was significantly impaired in patients with pathological CT was FVC; nonetheless, differences were observed between the two groups in other tests, including DLCO. These findings can indicate the creation of restrictive conditions in the lung following the development of changes after inflammation (which were observed in the CT scan of the patients) (14). Disturbance in DLCO indicates a disturbance in gas exchange, illustrating that in these patients, the gas exchange also suffers, apart from volume reduction. These cases can be related to endothelium dysfunction, which is an influencing factor in the pathogenesis of COVID-19 and can lead to a decrease in lung tissue perfusion 
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Balbi et al. pointed out that lung function tests of patients displayed a significant decrease in DLCO and FVC of patients (14). In the current study, the CT scans of most patients after 12 weeks after the onset of symptoms had abnormal findings. Moreover, in a similar vein, the FVC level in patients with abnormal CT scans was significantly lower than in patients with normal CT scans. Nevertheless, in the present study, there was no significant difference in the amount of DLCO between the two groups of patients. This discrepancy between the results of the two studies can be ascribed to differences in disease severity in the patients examined in the two studies.
 Corsi et al. investigated the lung structure and function of patients with COVID-19 after 3 and 12 months of discharge. After three months of discharge, the median scores of FVC, FEV1, and FEV1/FVC ratio were obtained at 89, 91, and 104%, respectively. Moreover, the median DLCO of the patients was 85%. All the mentioned cases had significantly improved after 12 months of discharge (32). In the current study, the mean of all lung function tests was lower than the values reported in the study by Corsi et al.; nonetheless, the reason behind this issue cannot be determined precisely. However, as mentioned in the previous study, the severity of the primary disease in patients can be an important factor in the results obtained during follow-up, and the more severe primary disease in patients in the present study may justify the lower values obtained. Furthermore, although patients with known chronic lung disease were excluded from the study in the present study, it is not possible to be entirely sure that their lung condition was normal before the commencement of the study since many patients may have diseases, such as chronic obstructive pulmonary disease (COPD), and are unaware that this issue can also lead to disturbances in lung function tests.
Conclusion 

As evidenced by the current study results, patients hospitalized with COVID-19 had pathological findings in both imaging and lung function tests after nearly three months, indicating the presence of long-term complications in patients. It was revealed that patients with abnormal CT were significantly more likely to have diabetes, WBC levels, PMN percentages, and lymphocyte percentages than patients with normal CT scans, according to the statistical analysis. Furthermore, the FVC level of patients with normal CT scans was significantly higher than that of patients with pathological scans. Nevertheless, studies with a larger sample size and a longer follow-up period should be conducted to obtain more accurate evidence.
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