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Introduction

The first official report of  a novel respiratory virus emerged 
from Wuhan city, Hubei province of  China; on December 31, 
2019, it was subsequently shown to be a coronavirus, severe acute 
respiratory syndrome coronavirus 2 (SARS‑Cov2).[1] On March 11, 
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AbstrAct

Background: Respiratory symptoms may persist for several weeks following the initial coronavirus disease 2019 (COVID‑19) infection. 
The aims and objectives were to assess the clinical symptoms, pulmonary functions, and radiological changes and to assess the 
cardio‑vascular complications in post‑COVID‑19 patients. Methods: This observational study was conducted in the Department of 
Pulmonary Medicine in collaboration with the Department of Cardiology, SCBMCH, Cuttack, from March 2021 to August 2022 on 
75 post‑COVID‑19 patients with respiratory symptoms from 4 weeks to 2 years after treatment for COVID‑19 infection. Post‑COVID 
patients having previous respiratory diseases were excluded from the study. Results: Among 75 patients, the most common age 
group was 18–30 years with a male‑to‑female ratio of 2.5:1. Based on O

2
 requirement, patients were divided into the mild symptomatic 

group and moderate to severe pneumonia group. The most common respiratory symptom was dyspnea, followed by cough with 
expectoration. Bilateral crepitations were found in 17% of cases. C‑reactive protein (CRP) and D‑dimer were increased in 38.6% and 
32% of patients, respectively. 42.6% had abnormal chest X‑ray, and the most common abnormal finding was reticular thickening. 
In spirometry, the restrictive pattern and mixed pattern were the predominant types documented in 49.3% and 13.3% of cases, 
respectively, which were significant in the moderate–severe group. Diffusion capacity of the lungs for carbon monoxide (DLCO) 
was performed in only 19 patients (mild group 13 and moderate–severe group 6). Twelve (63.2%) patients had abnormal DLCO. 
P- values were significant for RV (0.0482) and RV/TLC (0.0394). High‑resolution computed tomography (HRCT) of the thorax was 
abnormal in 55.7% with the most common abnormalities as inter‑ and intra‑lobular septal thickening. The left ventricular ejection 
fraction was preserved in all patients, with right atrium and right ventricle enlargement in 2.6% and pulmonary hypertension in 4.0% 
of participants. Conclusion: All post‑COVID‑19 patients having respiratory symptoms after recovery from acute COVID‑19 may be 
referred by family care physicians to a dedicated post‑COVID center for further evaluation, management, and early rehabilitation 
to decrease the morbidity in recovered patients. Persistent increased blood parameters like TLC, N/L ratio, RBS, CRP, and D‑dimer 
seen in recovered post‑COVID‑19 patients. The long‑term impact of CT findings on respiratory symptoms, pulmonary functions, 
and quality of life is unknown. Cardiovascular abnormalities in post‑COVID‑19 patients are infrequent.
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2020, World Health Organization (WHO) declared coronavirus 
disease 2019 (COVID‑19) a pandemic.[2] Viral pneumonia is 
the most frequent serious clinical manifestation of  COVID‑19 
prominently featuring fever, cough, dyspnea, hypoxemia, and 
bilateral opacities on chest X‑ray. Severe hypoxemic respiratory 
failure/ARDS develops in a significant proportion of  patients 
with COVID‑19 pneumonia, which may require mechanical 
ventilation and have a high risk for death.[3] The disease course 
is uneventful, leading to recovery from the initial bout of  
infection in a majority of  cases.[4] However, a proportion of  
patients can develop a constellation of  signs and symptoms in the 
convalescent phase of  the disease process often as a sequela to the 
initial infection can be termed as post‑COVID‑19 syndrome.[5] 
The respiratory system bears the maximum brunt of  the direct 
viral damage that may persist for several weeks following the 
initial infection. These long‑term effects of  COVID‑19 can 
be due to damage inflicted by the virus itself, by widespread 
damage due to cytokine storm, by the immune response of  
the body, due to underlying co‑morbidities, as a consequence 
of  the therapy used to treat the disease, or as a combination 
of  all of  them. The pulmonary abnormalities encountered 
after recovery from the acute COVID‑19 illness include 
diffuse lung disease (inflammatory and/or fibrotic), respiratory 
muscle weakness, sequelae of  pulmonary thromboembolism, 
and pulmonary infections (i.e., Klebsiella, Pseudomonas, 
Acinetobacter, Aspergillosis, Candida, Mucormycosis).[6] It is 
essential to detect alterations in pulmonary structure and function 
for the diagnosis and follow‑up of  patients with respiratory 
sequelae produced by COVID‑19. So we decided to carry out 
an observational study aimed to determine the prevalence of  
obstructive patterns, restrictive patterns, and altered diffusion 
in patients treated for COVID‑19 infection.[7] Different types 
of  functional and radiological evaluations were carried out, 
that is, chest X‑ray PA view, 6‑minute walk test, spirometry, 
diffusion capacity of  the lungs for carbon monoxide (DLCO), 
high‑resolution computed tomography (HRCT) of  the thorax, 
and two‑dimensional echocardiography (2D ECHO), to 
determine the consequences of  COVID‑19 sequelae. Computed 
tomography pulmonary angiography (CT‑PA) was carried out 
in participants having D‑dimer ≥1500 µg/ml[8] and/or 2D 
ECHO having regional wall motion abnormality[9] to evaluate 
the pulmonary vasculature and associated abnormalities. 
The primary aims and objectives were to assess the clinical 
symptoms, pulmonary functions, and radiological changes and 
assess the risk factors associated with deranged pulmonary 
functions and to assess the cardio‑vascular complications in 
post‑COVID‑19 patients. The secondary objective is attributable 
morbidity associated with symptomatic treated cases of  
COVID‑19 infection.

Material and Methods

This observational study was conducted in the Department 
of  Pulmonary Medicine in collaboration with the Department 
of  Cardiology, SCBMCH, Cuttack, from March 2021 to 
August 2022. This observational study enrolled 75 adult 

post‑COVID‑19 patients who developed new respiratory 
symptoms after 4 weeks of  COVID‑19 infection irrespective of  
recovery from acute COVID‑19. Post‑COVID patients having 
previous respiratory diseases like post‑tubercular obstructive 
airway disease (post‑TB OAD), bronchial asthma, chronic 
obstructive pulmonary disease (COPD), and interstitial lung 
disease and refusal of  consent were excluded from the study. 
The study was approved by the institutional ethical committee 
of  SCBMC Cuttack, Odisha. After a detailed clinical history 
and physical examination, the patients were subjected to routine 
blood investigations, which include complete blood count (CBC), 
random blood sugar (RBS), liver function test (LFT), serum 
sodium and potassium, and inflammatory markers like C‑reactive 
protein‑quantitative (CRP‑Q) and D‑dimer. Then chest X‑ray 
PA view followed by 6‑minute walk test, spirometry, and DLCO 
were done. After that, patients were subjected to HRCT thorax 
and 2D ECHO. CT‑PA was carried out in patients having 
D‑dimer ≥1500 µg/ml and/or 2D ECHO having regional wall 
motion abnormality [Figure 1].

After compiling all the data, statistical analysis was performed 
using SPSS software. Descriptive frequencies were expressed 
using mean and standard deviation (SD). Differences between 
means of  continuous variables are compared using the unpaired 
Student t‑test, and qualitative variables are compared by using 
Chi‑square test. The level of  significance was expressed as 
probability values (P- values). P < 0.05 was considered statistically 
significant.

Results

According to the requirement of  O2 at the time of  COVID‑19 
infection, patients were divided into the mild symptomatic 
group (49, 65.33%) and moderate to severe pneumonia 
group (26, 34.66%). In the latter group, O2 therapy by mask/

Figure 1: Flow chart of the study methodology
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non‑rebreather mask and non‑invasive ventilation were used in 
21 (27.6%) and 5 (6.6%), respectively.

Table 1 shows 53 (70.6%) cases were male and 22 (29.4%) 
cases were female with a male‑to‑female ratio of  2.5:1. 
The most common age group was 18–30 years (25.3%). 
Hypertension (10.6%) was the most common co‑morbidity, 
followed by diabetes mellitus (8%). The most common addiction 
was alcoholism (21.3%), followed by smoking (14.6%) and 
chewing tobacco (13.3%). The most common post‑COVID 
symptom was dyspnea in 56 (74.6%), followed by cough 
with expectoration in 28 (37.3%), dry cough in 20 (26.6%), 
and chest pain in 18 (24%). Dyspnea was predominant in the 
moderate–severe group (96.1%, 25) which was statistically 
significant (P = 0.001) when compared to the mild group. The 
most common auscultatory finding was normal vesicular breath 
sounds heard in 72% (54), followed by bilateral crepitation in 
17.3% (13) and bilateral rhonchi in 5.3% (4). P- value was found 
significant for bilateral crepitations (0.0001) and normal breath 
sound (0.0003).

Table 2 summarizes baseline laboratory parameters of  
post‑COVID symptomatic patients. P- value was found 

highly significant in TLC (0.012), neutrophil/lymphocyte 
ratio (N/L ratio) (0.0021), RBS (0.0006), and CRP (Q) (0.0060) 
and significant in D‑dimer (0.032). 9.3% of  patients had 
Hb below the normal range. 22.6%, 17.3%, and 33.3% had 
TLC, neutrophil, and N/L ratio above the normal range. 
The lymphocyte and total platelet count (TPC) are below 
the normal range in 16% and 10.6% of  patients, respectively. 
RBS, serum bilirubin total (SB‑T), SB‑direct (SB‑D), aspartate 
aminotransferase (AST), alanine transaminase (ALT), and 
alkaline phosphatise (ALP) were above the normal range in 
18.6%, 10.6%, 1.3%, 33.3%, 25.3%, and 5.3% of  patients, 
respectively. 13.3% and 8% patients had decreased sodium 
and potassium below the normal range, respectively. Serum 
urea is increased in 10.6%, and creatinine decreased in 6.6% of  
patients. CRP (Q) and D‑dimer were increased in 38.6% and 
32% of  patients, respectively.

Table 3 shows restrictive disorder was found in 49.3% (37), 
followed by mixed obstructive and restrictive disorder in 
13.3% (10). Spirometry was normal in 37.3% (28). P- value was 
significant for normal lung function (0.0190) and restrictive 
disorder (0.0442). Among 37 restrictive disorders, P- value was 
highly significant (P = 0.0095) for moderately severe restrictive 

Table 1: Baseline characteristics of post-COVID symptomatic patients
Baseline Characteristics Total n=75 Mild Group n=49 (%) Moderate‑Severe Group n=26 (%) P
Age (years), mean±SD 42.9±15.1 39.77±14.93 48.9±13.7 0.01
Males (%) 53 (70.6) 32 (59.25) 21 (40.75) 0.21
Females (%) 22 (29.4) 17 (77.27) 5 (22.72) 0.003
Comorbidities 

DM (%) 6 (8) 3 3 0.41
Hypertension (%) 8 (10.66) 5 3 0.85
Hypothyroidism (%) 1 (1.33) 0 1 0.17
CLL (%) 1 (1.33) 0 1 0.17
CKD (%) 1 (1.33) 0 1 0
OA (%) 2 (1.33) 1 1 0.65
Smoking 11 (14.66) 7 (9.33) 4 (5.33) 0.57
Alcohol 16 (21.33) 8 (10.66) 8 (10.66) 0.14
Tobacco 10 (13.33) 6 (8) 4 (5.33) 0.70

Life style
Light 11 (14.66) 6 (8) 5 (6.66) 0.41
Moderate 42 (72.66) 42 (56) 20 (26.66) 0.49
Rigorous 2 (2.66) 2 (1.33) 1 (1.33) 0.64

Symptoms
Chest pain (%) 18 (24) 14 (28.57) 4 (15.38) 0.203
Chest tightness (%) 3 (4) 3 (6.12) 0 (0) 0.503
Dry cough (%) 20 (26.66) 13 (26.53) 7 (26.92) 0.974
Cough with exp. (%) 28 (37.33) 18 (36.73) 10 (38.46) 0.882
Dyspnea (%) 56 (74.66) 31 (63.26) 25 (96.15) 0.001
Hemoptysis (%) 3 (4) 3 (6.12) 0 (0) 0.503

Auscultatory findings
Normal (%) 55 (73.33) 42 (85.71) 12 (46.15) 0.0003
↓breath sounds (%) 0 0 0
Left side absent breath sounds (%) 2 (2.66) 1 (2.04) 1 (3.84) 0.6472
B/l rhonchi (%) 4 (5.33) 4 (8.16) 0 0.1370
B/l crepitation (%) 13 (17.33) 1 (2.04) 12 (46.15) 0.0001
B/l crepitation + rhonchi (%) 2 (2.66) 1 (2.04) 1 (3.84) 0.6472
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patterns. The mean ± SD of  pre‑broncho‑dilator values of  
FVC%, FEV1%, FEV1/FVC, FEF25‑75, and PEFR% of  75 
post‑COVID patients were calculated. Also, the mean ± SD for 
all these parameters were calculated for the mild and moderate–
severe groups and compared to calculate P- values. P- values were 
found highly significant for FVC% (0.007) and significant for 
FEV1% (0.049). 6MWT could not be performed by 8 out of  
75 patients. The mean ± SD of  6‑minute walk distance (MWD), 

6MWD%, baseline SpO2, end exercise SpO2, baseline pulse 
rate, and end exercise pulse rate of  67 patients were recorded. 
P- value was found highly significant in 6MWD (0.001), baseline 
SpO2 (0.003), and end exercise SpO2 (0.001).

Table 4 shows DLCO was performed in only 19 patients (mild 
group 13 and moderate–severe group 6). Twenty‑one patients 
could not perform the test, 20 patients did not give their consent, 

Table 2: Baseline laboratory parameters of post-COVID symptomatic patients
Lab Parameter Total n=75 Mild Group n=49 (%) Moderate‑Severe Group n=26 (%) P
HB (gm/dl) 13.21±1.8 13.28±1.83 13.06±1.74 0.617
TLC (10^3/uL) 10.04±4.96 9.00±2.77 11.99±7.21 0.012
Neutrophil (10^3/uL) 65.36±12.83 64.04±8.47 68.33±18.31 0.103
Lymphocyte (10^3/uL) 36.6±10.72 28.62±7.52 25.91±14.93 0.379
N/L ratio 3.1±2.5 2.49±1.04 4.30±3.72 0.001
TPC (10^3/uL) 252.45±108.94 254.18±81.31 249.26±149.73 0.854
RBS (mg/dl) 130.23±63.26 112.53±35.65 163.58±87.39 0.001
SB‑D (mg/dl) 0.25±0.15 0.24±0.13 0.27±0.16 0.500
SB (T) SB‑T (mg/dl) 0.67±0.27 0.68±0.30 0.63±0.21 0.461
AST (IU/L) 38.91±19.91 35.89±15.49 44.59±25.72 0.072
ALT (IU/L) 37.80±21.03 34.81±14.29 43.44±29.43 0.091
ALP (IU/L) 226.37±78.76 226.70±76.69 225.73±84.07 0.959
Na+ (mEq/L) 139.25±3.91 139.49±3.49 138.81±4.63 0.481
K+ (mEq/L) 4.66±4.51 4.19±0.50 5.54±7.65 0.221
Urea (mg/dl) 27.12±9.99 26.43±9.22 28.42±11.38 0.414
Creatinine (mg/dl) 0.74±0.21 0.72±0.20 0.76±0.24 0.492
CRP (Q) (mg/L) 10.82±22.95 5.60±7.4 20.65±36.02 0.006
D‑Dimer (µg/ml) 458.03±385.05 388.92±377.73 588.28±371.37 0.032

Table 3: Spirometry (n=75) and 6MWT (n=67) in post-COVID patients
Interpreted result in spirometry Total n=75 n (%) Mild group n=49; n (%) Mod‑severe group n=26; n (%) P
Normal 28 (37.33) 23 (46.93) 5 (19.23) 0.0190
Mixed obstructive and restrictive disorder 10 (13.33) 6 (12.24) 4 (15.38) 0.7053
Restrictive disorder 37 (49.33) 20 (40.81) 17 (65.38) 0.0442
Type of  restriction

Mild restriction 13 (17.33) 9 (18.36) 4 (15.38) 0.7472
Moderate restriction 12 (16) 7 (14.28) 5 (19.23) 0.5804
Moderately severe restriction 6 (8) 1 (2.04) 5 (19.23) 0.0095
Severe restriction 5 (6.66) 2 (4.08) 3 (11.53) 0.2213
Very severe restriction 1 (1.33) 1 (2.04) 0 (0) 0.4664
Others 38 (50.66) 29 (59.18) 9 (34.61) 0.0442

Mean±SD Mean±SD Mean±SD P
Spirometry parameters

FVC% 67.79±14.62 74.12±17.22 59.71±15.72 0.007
FEV1% 78.67±17.10 80.79±19.47 71.89±12.71 0.049
FEV1/FVC 91.94±7.92 90.09±8.17 93.01±6.48 0.586
FEF25‑75% 85.34±15.78 83.10±19.13 90.71±16.23 0.279
PEFR% 64.48±13.45 67.71±18.78 62.26±16.32 0.547

n=67 n=46 n=21 P
6 Minute walk test (n=67)

6MWD (IN METRES) 449.05±191.13 492.89±172.02 353.04±172.92 0.001
6MWD % 82.75±86.45 92.24±102.94 61.96±29.44 0.190
Base line spo2% 97.71±30.38 97.95±23.74 97.19±39.07 0.003
End exercise spo2% 97.58±30.34 97.93±23.74 96.80±38.93 0.001
Base line pulse rate 91.58±31.41 91.41±25.52 91.95±39.74 0.886
End exercise pulse rate 102.88±35.60 101.58±29.03 105.71±45.46 0.349
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and the remaining 15 patients were absent on their follow‑up 
dates. Seven (36.8%) patients had normal DLCO, whereas 
6 (31.5%), 5 (26.3%), and 1 (5.26%) had mild, moderate, and 
severely reduced DLCO, respectively. Mean ± SD were calculated 
for DLCO, DLCO/VA, TLC, RV, and RV/TLC for total cases, 
the mild group, and the moderate–severe group. P- values were 
significant for RV (0.0482) and RV/TLC (0.0394).

Table 5 summarizes radiological findings of  post‑COVID 
patients. Chest X‑ray was normal in 38 (77.5%) and 5 (19.2%) 
from the mild group (N = 49) and moderate–severe 
group (N = 26), respectively. The most common finding 
was reticulation, 41.33% (31), followed by ground glass 
opacity (GGO), 22.66% (17). P value was highly significant 
for normal chest X‑ray (0.0001), GGO (P = 0.0001), and 
reticulation (P = 0.0001). HRCT thorax was normal in 
30 (61.2%) of  the mild group (N = 49) and 4 (15.38%) in 
the moderate–severe group (N = 26). The most common 
HRCT finding was inter‑ and intra‑lobular septal thickening in 
22 (29.33%), followed by fibrotic bands 19 (25.33%) and GGO 
in 18 (24%). P- values were highly significant for GGO (0.0001), 

inter‑ and intra‑lobular septal thickening (0.0001), and fibrotic 
bands (0.0004) and significant in traction bronchiectasis (0.0262).

Table 6 summarizes 2D ECHO findings in post‑COVID 
patients. Out of  75 patients, left ventricular hypertrophy, 
left ventricular diastolic dysfunction, right ventricular 
systolic dysfunction, and right ventricular diastol ic 
dysfunction were seen in 6 (8.0%), 12 (16.0%), 3 (4.0%), and 
3 (4.0%), respectively. 18.6% had LVID‑s (left ventricular 
internal diameter systole) below the normal range. IVSed 
(inter‑ventricular septum end diastole), LVPWed (left 
ventricle posterior wall end diastole), right atrium size, right 
ventricle size, and TRPG (tricuspid regurgitation pressure 
gradient) were above the normal range in 9.3%, 9.3%, 2.6%, 
2.6%, and 4.0% of  patients, respectively.

CT‑PA was performed in one patient from the moderate–severe 
group, having D‑dimer level >1500 µg/ml. The findings were 
main pulmonary trunk, 2.7 cm; right pulmonary trunk, 1.7 cm; 
and left pulmonary trunk, 1.7 cm, and there was no evidence of  
pulmonary embolism.

Table 4: DLCO findings in post‑COVID patients
Interpreted result Total (n=19) Mild group (n=13) Moderate‑severe group (n=6) P
Normal (%) 7 (36.84) 6 (46.15) 1 (16.66) 0.478
Mild reduction (%) 6 (31.57) 4 (30.76) 2 (33.33) 0.912
Moderate reduction (%) 5 (26.31) 3 (23.07) 2 (33.33) 0.636
Severe reduction (%) 1 (5.26) 0 (0) 1 (16.66) 0.1411
DLCO, mean±SD 69.57±17.41 72.76±16.91 62.66±17.92 0.2508
DLCO/VA, mean±SD 95.68±28.72 95.23±31.04 96.66±25.60 0.9230
TLC, mean±SD 75.73±20.17 80±21.54 66.5±14.18 0.1821
RV, mean±SD 79.94±36.44 91±39.28 56±8.46 0.0482
RV/TLC, mean±SD 103.21±24.51 110.92±24.27 86.5±16.08 0.0394

Table 5: Radiological findings in post‑COVID patients
Type of  lesion in chest x‑ray PA view Total n=75 (%) Mild group n=49 (%) Moderate‑severe group n=26 (%) P
GGO 17 (22.66) 4 (8.16) 13 (50) 0.001
Consolidation 2 (2.66) 1 (2.04) 1 (3.84) 0.644
Reticulation 31 (41.33) 11 (22.44) 20 (76.92) 0.001
Collapse 2 (2.66) 1 (2.04) 1 (3.84) 0.644
Effusion 3 (4) 1 (2.04) 2 (7.69) 0.234
NormalCXR 43 (57.33) 38 (77.55) 5 (19.23) 0.0001
Type of  lesion in HRCT thorax

GGO 18 (24) 5 (10.20) 13 (50) 0.001
Consolidation 2 (2.66) 1 (2.04) 1 (3.84) 0.644
Lymphadenopathy 8 (10.66) 3 (6.12) 5 (19.23) 0.08
Inter‑ and intra‑lobular septal thickening 22 (29.33) 7 (14.2) 15 (57.69) 0.001
Fibrotic bands 19 (25.33) 6 (12.24) 13 (50) 0.001
Traction bronchiectasis 13 (17.33) 5 (10.20) 8 (30.76) 0.025
Honey‑combing 7 (9.33) 3 (6.12) 4 (15.38) 0.189
Atelectasis 7 (9.33) 4 (8.16) 3 (11.53) 0.189
Effusion 5 (6.66) 3 (6.12) 2 (7.69) 0.795
Pleural thickening 1 (1.33) 1 (2.04) 0 ‑
Emphysema 5 (6.66) 4 (8.16) 1 (3.84) 0.462
Pneumothorax 2 (2.66) 1 (2.04) 1 (3.84) 0.644
Normal HRCT 34 (45.33) 30 (61.22) 4 (15.38) 0.0002
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Discussion

In this single‑center observational study, we evaluated 75 
post‑COVID‑19 patients from 1 month to 2 years with a 
mean ± SD of  9.5 ± 7.1 months after treatment of  COVID‑19 
infection. The most common age group was 18–30 years (25.3%) 
with a male‑to‑female ratio of  2.5:1, which is close to a study 
by Dararat Eksombatchai et al.[10] Hypertension (8 cases, 
10.6%) was the most common co‑morbidity, followed 
by diabetes mellitus (6 cases, 8%). The mean BMI was 
25.5 ± 4.8, which is similar to Dararat Eksombatchai et al.[10] 
and Thyagaraj V et al.[11] Patients were classified into the mild 
group (49,65%) and moderate to severe group (26, 65%), which 
is similar to study designs by A.W. Wong et al.,[12] Fabio Anastasio 
et al.,[13] and Daniel Cruz Bretas et al.[14]

The most common persistent respiratory symptoms were 
dyspnea (74.6%), followed by cough with expectoration (37.3%), 
dry cough (20.6%), and chest pain (24.0%), which are supported 
by National Comprehensive Guidelines for management of  
post‑COVID sequelae, MOHFW, Govt. of  India.[6] The three 
most frequent symptoms were dyspnea, fatigue, and anosmia, 
listed as long‑term symptoms by the National Institute of  Health 
and Care Excellence and CDC.[15] Dyspnea in the mild group is 
unrelated to persistent damage in the lungs, which may be due 
to chronic fatigue syndrome, obesity, or previous co‑morbid 
conditions, which is supported by Thyagaraj V et al.[11] and 
Klaus J Wirth et al.[16] In the moderate to severe group, dyspnea 
was significant (P- value = 0.002) compared with the mild 
symptomatic group, coinciding with the results by Desai SV 
et al.[17] On auscultation of  chest, we found crepitations were 
significantly more in the moderate to severe group (46.15% vs 
2.04% in the mild group, P- value < 0.0001), which was supported 
by Faverio P et al.[18]

In the current study, CBC showed decreased hemoglobin 
from the normal range in 9.3% of  patients, which coincides 
with the study by Thomas Sonnweber et al.,[19] who found 
9% had anemia categorized as anemia of  inflammation. 
A meta‑analysis of  nine studies by Sulmaz Ghahramani et al.[20] 
showed a significant decrease in hemoglobin in severe groups 
compared to the non‑severe group. Increased NLR was 

found in 33.3% of  patients, which coincides with the study 
by Meryam Maamar et al.[21] There was a significant increase in 
NLR (P = 0.0021) in the moderate to severe group as compared 
to the mild group, which was supported by the study of  George 
et al.,[22] who followed severe COVID‑19 patients 3 to 6 months 
after recovery and found a neutrophil‑associated inflammatory 
phenotype apparent in patients with persistent pulmonary 
symptoms. We found a decrease in lymphocyte count in 16.0% 
of  patients, which is consistent with Mandal et al., Mannan et al., 
and Julian Varghese et al.[23‑25] Thrombocytopenia was found in 
10.6% of  our patients, which is supported by the study done by 
Marco Lucijanic et al. and Chen et al.[26,27]

There were increased RBS levels in 18.6% patients with a 
significant increase (P = 0.006) in the moderate to severe group 
compared to the mild symptomatic group, which coincides with 
a meta‑analysis of  four cohort studies by Ali Abdelhamid et al.[28] 
Also, a study by Ayoubkhani D et al. and Huang C et al. reported 
4.9% and 3.3% cases of  new‑onset diabetes, respectively.[29,30] 
There was an increase in SB‑T, AST, ALT, and ALP in 1.3%, 
33.3%, 25.3%, and 5.3% of  patients, respectively, which is 
supported by the study of  Xuejiao Liao et al. and Liu et al.[31,32] 
Also, a nearly significant increase was found in AST and ALT 
among the moderate to severe group compared to the mild 
symptomatic group. Our study found a decrease in serum sodium 
and potassium in 13.3% and 8% of  patients, respectively, as 
reported by Giuseppe Lippi et al.[33] Hyponatremia was also seen 
in a meta‑analysis by Sulmaz Ghahramani et al.[20] in the severe 
group compared with the non‑severe group. Serum urea was 
increased in 10.6% with a decrease in serum creatinine level in 
6.6% of  patients, which was consistent with Xu‑Wei et al.,[34] and 
Sulmaz Ghahramani et al.[20] did a meta‑analysis and found an 
increase in blood urea and creatinine in the severe group compared 
to the non‑severe group. There was an increase in CRP (Q) and 
D‑dimer in 28.4% and 32% of  patients, respectively, which are 
supported by Muhammad Ali Gameil et al.[35] and Swapna Mandal 
et al.[23] A multi‑centric study in the UK by Mandal S et al.[23] showed 
30.1% of  patients showed an elevated D‑dimer value after 60 days 
of  discharge from the hospital. The present study demonstrated 
that 42.6% had abnormal chest X‑ray findings and the most 
common finding was reticular thickening (41.3%), followed by 
ground glass opacities (22.6%), which was partly supported by 

Table 6: 2D ECHO findings in post‑COVID patients
Parameters Total mean±SD Mild group mean±SD Moderate‑severe group mean±SD P
LVID‑d 40.76±4.79 40.73±4.88 40.80±4.72 0.950
LVID‑s 26.70±4.34 26.73±4.37 26.65±4.37 0.940
LVEF 64.65±5.14 65.12±5.29 63.78±4.83 0.287
LVFS 34.54±4.23 34.93±4.34 33.79±3.99 0.268
IVSed 10.07±1.31 10.10±1.32 10.01±1.33 0.793
LVPWed 10.08±1.24 10.1±1.24 10.05±1.28 0.890
Lt. atrium size 30.88±3.77 30.65±3.99 31.30±3.33 0.478
Rt. atrium size 26.73±5.02 27.00±4.99 26.23±5.14 0.532
Rt. ventricle size 20.16±2.20 20.28±2.47 19.92±1.59 0.502
TAPSE 1.88±0.14 1.89±0.15 1.87±0.13 0.562
TRPG/PH 14.65±8.91 13.59±8.77 16.66±9.00 0.157
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Arzoo Gupta et al.[36] Consolidation was seen only in 2.6% due 
to a longer meantime of  follow‑up (9.5 ± 7.1 months) after 
acute COVID‑19 infection, which might have progressed from 
consolidation to reticulation and is supported by Han X et al.[37] 
Comparison between the mild and moderate to severe pneumonia 
groups revealed normal CXRs (P = 0.0001) in the mild group 
and a significant number of  reticular thickening (P < 0.0001) and 
GGO (P = 0.0001) in the moderate to severe pneumonia group, 
which was supported by M Fogante et al.[38]

Previous studies reported that SARS has long‑term effects on 
lung functions and related physiological characteristics in part of  
survivors, even after 1 year of  discharge.[35] The mean 6MWD 
in the moderate to severe pneumonia group (353.04 ± 172.92 
meters) was shorter than that of  the mild symptomatic 
group (492.8 ± 172), but this was not statistically significant. These 
results were agreed by a study conducted by AW Wong et al.[12] 
and Gupta A et al.[36] Also, the baseline and end‑exercise SPO2 
and pulse rate were within normal limits with mean 97.7 ± 30.3, 
97.5 ± 30.3, 91.5 ± 31.4, and 110.8 ± 35.6, respectively, and no 
significant changes were found between the two groups, which 
is supported by the study of  Dararat Eksombatchai et al.[10]

The mean ± SD of  spirometry parameters like FVC (67.79 ± 14.62), 
FEV1 (78.67 ± 17.10), and PEFR (64.48 ± 13.45) were below 
the normal limit, and FEV1 and FVC were significantly reduced 
in the moderate to severe group than in the mild symptomatic 
group (P values 0.021 and 0.049, respectively), which coincides 
with the study by Guler SA et al.[39] Interpreting the spirometry 
result, we revealed that the restriction pattern and mixed pattern 
were the predominant types documented in 49.3% and 13.3% of  
cases, respectively, with a restrictive pattern more significant in the 
moderate to severe group (P = 0.0442), which was supported by 
You J et al.[40] Fabio Anastasio et al.[13] studied on 379 patients after 
4 months of  SARS‑CoV‑2 and concluded a significant decrease 
in RV, TLC, and FVC in the severe group as compared to the 
non‑severe group. Also, Mo X. et al., Frija‑Masson J. et al., and 
Li X. et al. reported the spirometry test in post‑COVID cases 
and found a prevalent restrictive pattern in 59% and obstructive 
pattern in 16% of  post‑COVID pneumonia cases.[41‑43]

In this study, we found abnormal DLCO in 36.8%, decreased 
RV in 42.85%, and decreased TLC in 57.14% out of  19 patients. 
Zhang et al.[44] reported a 32% reduction in DLCO after severe 
COVID‑19 after 8 months. Also, Bretas  DC et al. reported altered 
DLCO in 33% of  patients at 12 months in non‑ICU patients.[14] 
But we found abnormal DLCO in 36.8%, which could be explained 
mostly by a lower number of  patients undergoing DLCO with 
a mean period followed up of  1.2 months. This early follow‑up 
shows a high prevalence of  altered diffusion capacity as evidenced 
by studies of  Mo X et al., Frija‑Masson J et al., and Huang Y et al., 
who found a high prevalence of  altered diffusion capacity between 
44% to 56% after 1 month of  post‑infection.[41,42,45]

Also, the values of  RV and RV/TLC were significantly 
reduced in the moderate to severe group compared with the 

mild symptomatic group with P- values of  0.0482 and 0.0394, 
respectively, supported by Fabio Anastasio et al.[13] We also found 
that impaired diffusion is significant (P = 0.0251) in the moderate 
to severe group as compared with the mild symptomatic group. 
A study by Huang Y et al.[45] showed a reduction of  DLCO, TLC, 
and 6 MWD in severe COVID‑19 compared to non‑severe 
COVID‑19.

HRCT of  the thorax revealed abnormal patterns in 55.7%, with 
the most common abnormalities as inter‑ and intra‑lobular septal 
thickening in 29.3%, fibrotic bands in 25.3%, GGO in 24%, 
and traction bronchiectasis in 17.3%, which was consistent 
with Liu C et al.[46] Similarly, in a study by Tabatabaei et al.,[47] 
42% showed residual abnormalities, most commonly GGO 
and subpleural parenchymal bands. GGO, inter‑lobular and 
intra‑lobular septal thickening, and fibrotic bands were found 
to increase significantly in the moderate to severe group as 
compared to the mild symptomatic group with P- values of  
0.0001, 0.0001, and 0.0004, respectively. A study of  3‑month 
scans in 48 survivors of  severe COVID‑19 who were 
mechanically ventilated found normal imaging at 4%, GGO at 
89%, and signs of  fibrosis at 67%.[48] Gulati A et al.[49] reported on 
6‑month scans in 12 patients that fibrotic abnormalities occur in 
areas of  the original changes during the acute phase of  infection. 
All these studies agreed with our results.

Our study found right atrium and right ventricle sizes were above 
the normal ranges in 2.6% and pulmonary hypertension in 4.0% 
of  participants. Sonnweber et al.[50] described a 3% prevalence of  
LV dysfunction and 10% pulmonary hypertension in a cohort 
studied 60 days after COVID‑19 diagnosis. As per our study, 
the left ventricular ejection fraction is preserved in all patients, 
which is supported by a study by Baruch et al.[51]

In this study, we had taken the value of  D‑dimer >1500 µg/ml, 
the criterion for CT‑ pulmonary angiography (CT‑PA) as per 
Alexander A Tuck et al.[8] Remy‑Jardin et al.[52] followed up 
55 patients remaining symptomatic 3 months after hospitalization 
for SARS‑ CoV‑2 infection. CT angiography revealed the 
presence of  endoluminal filing defects in three patients (5.4%) 
of  the study population. We did CT‑PA in one patient from the 
moderate–severe group, having D‑dimer level >1500 µg/ml, and 
there was no evidence of  pulmonary embolism.

Conclusion

This study shows that a noticeable amount of  COVID‑19‑recovered 
patients continue to report respiratory symptoms, the most 
common being dyspnea. Any post‑COVID‑19 patient having 
respiratory symptoms after recovery from acute COVID‑19 may 
be referred by family care physicians to a dedicated post‑COVID 
center for further evaluation, management, and rehabilitation to 
decrease the morbidity in recovered patients.

Persistent increased blood parameters like TLC, N/L 
ratio, RBS, CRP, and D‑dimer seen in recovered patients 
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suggest persistence of  a low‑grade inflammation (LGI) as a 
post‑COVID‑19 sequelae. Decreased 6MWD and pulmonary 
function abnormalities were found in patients with severe 
lung involvement during SARS‑CoV‑2. This study has 
shown that chest X‑ray and HRCT‑thorax abnormalities 
like GGO, inter–intra‑lobular septal thickening, and fibrotic 
bands may persist well up to several months after discharge 
in severely ill COVID‑19 patients depending on the severity 
of  initial lung involvement. Cardiovascular abnormalities in 
post‑COVID‑19 patients are infrequent and usually mild. The 
long‑term impact of  CT findings on respiratory symptoms, 
pulmonary functions, and quality of  life is unknown. A long‑term 
multi‑disciplinary rehabilitation program including physical and 
psychological aspects of  rehabilitation is essential to decrease 
morbidity in recovered patients.

Limitations
1. A single center and a small sample size.
2. Limited proportion of  participants performing DLCO.
3. Chest X‑ray or HRCT chest of  the subjects during the time 

of  acute COVID‑19 infection was not available to compare 
the changes in lung parenchyma with progression of  time.

4. There was no histopathologic confirmation, and inferences 
were based on CT signs. Hence, a more extended follow‑up 
is needed to better understand the possible long‑term 
evolutions.
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