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INTRODUCTION
The spread of covid 19 has taken on pandemic proportions affecting 
more than 760 million people and causing almost 6.9 million deaths till 

[1]March 2023 . The novel coronavirus disease (COVID-19) caused by 
SARS CoV-2 has spread rapidly around the world and has taken it by 

[2],[3]storm.  The rapid progression of the disease led to a search for 
[4,5,6,7]immediate measures for its treatment and control.  Then came the 

search for ways to combat the short term sequelae of the infection 
[8,9,10,11]which were most frequently respiratory in nature, specially in 

patients developing pneumonia and needing supplemental oxygen.

In the search of the above mentioned, the long term effects of the 
[12,13,14]disease (which have also been termed as LONG COVID)  have 

been somewhat ignored. The potential burden of LONG COVID 
makes it critical that we know as much about it as fast as we can.  
Current evidence suggests that there are a large number of Pulmonary 

[15,16]Sequelae after Covid-19 infection.

Covid-19 patients may present with a spectrum of symptoms ranging 
from asymptomatic, mild upper respiratory tract symptoms to severe 

[15]pneumonia and multi organ failure.  The lung is the most common 
[16]organ affected in SARS CoV-2 infection.  More than half the patients 

with covid 19 pneumonia exhibit abnormal lung function 30 days after 
[16]symptom onset. This warrants long term follow up of these patients.   

The pathology of the lung in COVID-19 patients includes diffuse 
[17]alveolar damage, bronchiolitis, alveolitis and interstitial brosis.  

Extensive injury to  alveolar epithelial cells and endothelial cells, with 
secondary broproliferative changes is a hallmark of covid 

[17]infection.  It indicates a potential for chronic vascular and alveolar 
[18] [19]remodeling leading to lung brosis  and pulmonary hypertension . 

Thus, patients who have history of infection may have a restrictive or 
[20,21]obstructive defect on a spirometry during recovery.  Previous 

studies in SARS showed that patients had an abnormal pulmonary 
[22]function test upto 20% after recovery from SARS.  There is 

insufcient data about the prevalence and severity of post covid 
[23,24]pulmonary complications . It is essential to assess the extent of 

[25]these complications and there effect on lung function.  Spirometry is 
an important modality to investigate the pulmonary sequelae of Covid-
19 infection.

In our study we aimed to investigate pulmonary function of all post 
covid 19 patients irrespective of severity at time of infection. We 
compared spirometric parameters between patients on oxygen support 
and those not on oxygen support. 

MATERIAL AND METHODS
 This was an Observational study conducted in our large tertiary care 
centre in Northern India.  A written informed consent was taken from 

all patients after a detailed description of the procedure. This study was 
approved by the Institutional ethical committee as it was done as a 
thesis for MD examination.

The sample size was calculated based on a previous study that reported 
that the prevalence of average restrictive pattern and obstructive 
pattern in COVID-19 patients was 11% (7%-15% (Torres-Castro et al., 
2021), 95% level of condence and Error rate, usually set at 0.05 level 
is 4. Total 153 patients were included in this study.

153 Post Covid patients who were diagnosed as Covid-19 positive 
through RT-PCR, TRUNAAT or RAT and subsequently tested 
negative or admitted to our hospital with the diagnosis Post Covid or 
Presenting to Pulmonary Medicine OPD with the same from February 
2021- February 2022. They were classied into patients requiring 
oxygen support and not requiring oxygen support during covid 19 
infection and spirometry ndings in these patients were studied. Only 
patients who were covid positive and subsequently tested negative 
through RT-PCR at least six months before date of inclusion in the 
study were included. Patients who had preexisting chronic respiratory 
illness, were chronic smokers, had a BMI>35, were on mechanical 
ventilation or had a history of long term glucocorticoid use were 
excluded from the study. After obtaining written informed consent 
from patients and recording of demographic data, a detailed history of 
the patient was taken and they were divided into two groups on basis of 
oxygen requirement during covid infection. Spirometry was done on 
all of them. Spirometry was done using MIR SPIROBANK OXI 
spirometer. It was calibrated daily. Spirometry was done according to 
standard guidelines(Joint ICS-NCCP guidelines(India) for 
spirometry). Both Pre and Post bronchodilator (inhaled short acting 
beta agonist) readings were taken.

Patients who were on oxygen support at time of infection were put into 
severe group and those who were not on oxygen support were put into 
non- severe group.  Spirometric ndings of the two groups were 
compared. 

Statistical Analysis: SPSS version 21.0 was used for statistical 
analysis. Data was presented as mean (standard deviation), number 
and percentage (%). The Chi-square test was used to compare the 
categorical variables and independent t test was used to compare 
discrete variables between groups. The p value 0.05 was considered 
signicant.
 
RESULTS:
We studied 153 patients of which maximum were in the age group of 
41-50 and 61-70 years.  53% of our patients were male and 47% 
female.
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ABSTRACT
Background and Objectives: Information on effects of SARS-CoV-2 virus on patients 6 months post infection is still lacking. We aimed to 
evaluate the spirometry changes in 153 patients at least 6 months after covid infection to gain some insight into the effects of the viral infection on 
lung function.  We studied 153 Post Covid patients presenting in our large tertiary care center in Northern India. Spirometry was done on  Methods:
all of them. The results were evaluated using Chi-Square test and Independent-t test to compare the difference in oxygen and non oxygen groups. 
Results: The results showed statistically signicant difference between the two groups. Out of the 68 patients that were not put on any oxygen 
support during covid infection, 44 had a normal pulmonary function test (PFT) and 24 had abnormal ones with most (17) being of restrictive 
pattern. Out of the 85 patients requiring oxygen support, none had normal PFT. Restrictive changes were present in 62 of them with the rest being of 
obstructive or mixed pattern.  Covid-19 infection has long term effects on lung function. Patients on oxygen Interpretations and Conclusion:
support had a more severe effect on their lung function in terms of volume restriction in comparison to patients not on oxygen support, though they 
were not totally spared.
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Out of 153 patients, 85 ( 55.6%) gave history of supplemental oxygen 
use during covid infection and were put into severe group. The rest 68 
(44.4%) patients gave no such history and were put into non severe 
group.

In our study the distribution of Covid 19 patients according to 
Spirometry Pattern was as follows:

The percentages of normal, obstructive, restrictive and mixed were 
28.76%, 5.23%, 51.63%, an 14.38%, respectively.

Table I: Distribution of Covid 19 patients according to spirometry 
Pattern

Figure 1: Pie chart show the distribution of Covid 19 patients 
according to Pattern

The frequencies of different patterns in between severe and non-severe 
group were studied. The percentage of normal, obstructive, restrictive, 
and mixed pattern were 64.71%, 5.88%, 25.00%, and 4.41% in non-
severe group and 0.00%, 4.71%, 72.94%, and 22.35% in severe group, 
respectively. The frequencies of restrictive and mixed pattern were 
signicantly more common in severe patients as compared to non-
severe patients.

Table II: Comparison of frequencies of different Pattern in 
between non-severe and severe group

* 1=Signicant (p<0.05), =independent t test

Figure 2 Bar chart shows the frequencies of different Pattern in non-
severe and severe group

DISCUSSION:
On March 11, 2020, the World Health Organization (WHO) designated 
the coronavirus disease 2019 (COVID-19) to be a pandemic, with over 
20% of infected people needing hospitalization and 6% in critical care 
and requiring invasive ventilatory support. Millions of deaths have 
been attributed to COVID-19 worldwide, and those who survive the 
severe type often experience major morbidity. Long after being 
released from the hospital, symptoms such as fatigue, breathlessness, 
joint discomfort, cognitive problems, chest pain and hair loss are 

[8,9,12,13]frequently noticed.  Respiratory symptoms predominate both the 
acute phase and long-term consequences, despite encompassing 

[15,16]several organs.

Recent research indicates that COVID-19 is has most impact on the 
lungs, which show several pathophysiological processes such as 
widespread alveolar epithelium damage, hyaline membrane 
development, capillary injury and hemorrhage, alveolar septal ber 

[17,18]proliferation and pulmonary consolidation.  The severe damage to 
alveolar epithelial and endothelial cells, along with subsequent 
broproliferation, is a hallmark of COVID-19 and suggests a 
possibility for persistent vascular and alveolar remodeling that could 

[19] result in lung brosis and/or pulmonary hypertension. These ndings 
raise questions about how patients who have been discharged should 
be assessed for lung injury.

The most often used objective functional respiratory assessments are 
pulmonary function tests (PFTs), which include spirometry, diffusion 
capacity and lung volumes. In our study we used spirometry to assess 
the lung function of patients.

In our study the percentage of normal, obstructive, restrictive, and 
mixed pattern were 64.71%, 5.88%, 25.00%, and 4.41% in non-severe 
group and 0.00%, 4.71%, 72.94%, and 22.35% in severe group, 
respectively. The frequencies of restrictive and mixed pattern were 
signicantly more common in severe patients as compared to non-
severe patients.

In our study, the mean Pre FVC, % Pred FVC, Post FVC, and % Pred 
FVC were signicantly reduced in severe as compared non-severe 
Covid 19 patients. The mean Pre FEV1, % Pred FEV1, Post FEV1, and 
% Pred FEV1 were signicantly lowered in severe as compared to non-
severe Covid 19 patients. The mean Pre and Post FEV1/FVC and 
%pred FEV1/FVC were signicantly lowered in severe as compared 
to non-severe Covid 19 patients. 

This implies that Restrictive pattern on spirometry was more common 
in post covid patients as compared to obstructive or mixed patterns. 
Patients on oxygen support had a more severe effect on their lung 
function. Even in patients who were categorized as non severe in our 
study, almost 35% had abnormal spirometry reports indicating reduced 
pulmonary function.

CONCLUSION
This study was carried out to evaluate the Spirometry ndings in Post 
Covid Patients. Covid 19 patients were divided into two groups on the 
basis of oxygen support: Severe (Oxygen support required) and Non-
severe (Oxygen support not required). The percentage of yes and no 
oxygen support were 55.56%, and 44.44%, respectively. The 
following ndings from the study were drawn:The frequencies of 
restrictive and mixed pattern were signicantly more common in 
severe patients as compared to non-severe patients. Pre and Post 
bronchodilator FEV1, FVC and FEV/FVC were signicantly lower in 
severe group as compared to non severe group.

Covid-19 infection has long term effects on lung function. Patients on 
oxygen support had a more severe effect on their lung function in 
comparison to patients not on oxygen support, though they were not 
totally spared.
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Number %
Normal 44 28.76
Obstructive 8 5.23
Restrictive 79 51.63
Mixed 22 14.38

Non-severe (n=68)
(oxygen not required)

Severe (n=85)
(oxygen required)

Chi 
Sq.

1p-
Value

Number % Number %
Normal 44 64.71 0 0.00 80.37 <0.001

*Obstructive 4 5.88 4 4.71
Restrictive 17 25.00 62 72.94
Mixed 3 4.41 19 22.35

International Journal of Scientific Research 49



recovery. E Clin Med 2020;25:100463 -. 
11. W orld Health O. Clinical Management of COVID-19: Interim Guidance, 27 May 2020. 

CC BY-NC-SA 3.0 IGO. Geneva: World Health Organization; 2020 https:// 
apps.who.int/iris/bitstream/handle/10665/332196/WHO-2019-nCoV-clinical2020.5-
eng.pdf Accessed 12 Decemeber 2020.

12. Bellan M, Soddu D, Balbo PE, Baricich A, Zeppegno P, Avanzi GC, Baldon G, 
Bartolomei G, et al. Respiratory and Psychophysical Sequelae Among Patients With 
COVID-19 Four Months After Hospital Discharge. JAMA Netw Open. 2021 Jan 
4;4(1):e2036142. 

13. Zaim S, Chong JH, Sankaranarayanan V, Harky A. COVID-19 and Multiorgan 
Response. Curr Probl Cardiol. 2020 Aug;45(8):100618. 

14. 22. Chen Y., Peng H., Wang L. Infants born to mothers with a new coronavirus (COVID-
19) Front Pediatr. 2020;8:104. 

15. Gavriatopoulou M, Korompoki E, Fotiou D, Ntanasis-Stathopoulos I, Psaltopoulou T, 
Kastritis E, Terpos E, Dimopoulos MA. Organ-specic manifestations of COVID-19 
infection. Clin Exp Med. 2020 Nov;20(4):493-506. 

16. Mo X, Jian W, Su Z, Chen M, Peng H, Peng P, Lei C, Chen R, Zhong N, Li S. Abnormal 
pulmonary function in COVID-19 patients at time of hospital discharge. Eur Respir J. 
2020 Jun 18;55(6):2001217.

17. Batah SS, Fabro AT. Pulmonary pathology of ARDS in COVID-19: A pathological 
review for clinicians. Respir Med. 2021 Jan;176:106239. 

18. Kaur S, Tripathi DM, Yadav A. The Enigma of Endothelium in COVID-19. Front 
Physiol. 2020 Aug 4;11:989. 

19. Hopkins N, McLoughlin P. The structural basis of pulmonary hypertension in chronic 
lung disease: remodelling, rarefaction or angiogenesis? J Anat. 2002 Oct;201(4):335-
48. 

20. Torres-Castro R, Vasconcello-Castillo L, Alsina-Restoy X, Solis-Navarro L, Burgos F, 
Puppo H, Vilaró J. Respiratory function in patients post-infection by COVID-19: a 
systematic review and meta-analysis. Pulmonology. 2021 Jul-Aug;27(4):328-337. 

21. Aul DR, Gates DJ, Draper DA, Dunleavy DA, Ruickbie DS, Meredith DH, Walters DN, 
van Zeller DC, Taylor DV, Bridgett DM, Dunwoody DR, Grubnic DS, Jacob DT, Ean 
Ong DY. Complications after discharge with COVID-19 infection and risk factors 
associated with development of post-COVID pulmonary brosis. Respir Med. 2021 
Nov;188:106602. 

22. Ashour H.M., et al. Insights into the recent 2019 novel coronavirus (SARS-CoV-2) in 
light of past human coronavirus outbreaks. Pathogens. 2020;9(3) 

23. Cascella M, Rajnik M, Aleem A, Dulebohn SC, Di Napoli R. StatPearls [Internet]. 
StatPearls Publishing; Treasure Island (FL): Oct 13, 2022. Features, Evaluation, and 
Treatment of Coronavirus (COVID-19)

24. Pascarella G, Strumia A, Piliego C, Bruno F, Del Buono R, Costa F, et al. COVID-19 
diagnosis  and management:  a  comprehensive review. J Intern Med. 
2020;288(2):192–206

25. Wang X, Zhou Q, He Y, Liu L, Ma X, Wei X, Jiang N, Liang L, Zheng Y, Ma L, Xu Y, 
Yang D, Zhang J, Yang B, Jiang N, Deng T, Zhai B, Gao Y, Liu W, Bai X, Pan T, Wang G, 
Chang Y, Zhang Z, Shi H, Ma WL, Gao Z. Nosocomial outbreak of COVID-19 
pneumonia in Wuhan. China Eur Respir J. 2020;55(6):2000544.

 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsrVolume - 12 | Issue - 07 | July - 2023

50 International Journal of Scientific Research


