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Background: Severe coronavirus disease 2019 (COVID-19) caused by SARS-CoV-
2 has resulted in high morbidity and mortality worldwide. In addition to the acute 
disease, an increasing number of patients, particularly those who had severe 
disease, present with ongoing symptoms and dysfunction of organs, a syndrome 
known as long COVID. The cardiopulmonary system appears to be highly 
susceptible to long-term consequences.

Objective: To assess the chronic cardiopulmonary complications in survivors of 
severe COVID-19.

Methodology: This was a cross-sectional observational study of 235 adult patients 
hospitalized with severe COVID-19 and followed up at least three months after 
discharge. Baseline demographics, clinical information, residual symptoms, 
pulmonary function tests (PFTs), high-resolution computed tomography (HRCT) 
chest abnormalities, and cardiovascular evaluations were collected.

Results: The mean age of participants was 58.4 ± 12.6 years, with 62.1% being 
male. At follow-up, 58.7% reported dyspnea, 51.9% fatigue, and 47.2% exercise 
intolerance. PFTs revealed reduced DLCO in 51.5% and obstructive or restrictive 
defects in a significant subset. HRCT abnormalities persisted in over 80% of 
patients, with ground-glass opacities (45.1%) and fibrotic changes (34.9%) being 
the most common. Cardiovascular abnormalities were found in 28.9% as abnormal 
ECGs, 13.6% as left ventricular dysfunction, and 50% as myocardial fibrosis on 
cardiac MRI. 23.8% and 8.1% had elevated NT-proBNP and hs-Troponin I, 
respectively.

Conclusion: A high percentage of patients recovering from serious COVID-19 are 
left with persistent cardiopulmonary abnormalities, such as compromised lung 
function, residual radiological alterations, and cardiac impairment. These results 
highlight the importance of thorough long-term follow-up and multidisciplinary 
management for COVID-19 survivors, with a particular emphasis on 
cardiopulmonary health.
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Introduction

he global COVID-19 pandemic, caused by the novel Tcoronavirus SARS-CoV-2, has presented novel 
obstacles for scientific investigation, clinical 

management, and public health. Even though the initial 
therapeutic focus was on managing acute infections, it is 
now obvious that many patients, especially those who 
suffered from severe sickness, continue to have 
symptoms and organ failure even after the virus has been 
cleared. The long-term effects on the cardiopulmonary 
system are among the most concerning, as they may lead 
to increased healthcare utilization, diminished quality of 

1life, and persistent impairment.
The symptoms of severe COVID-19 include acute 
respiratory distress syndrome (ARDS), pneumonia, and 
systemic inflammation, which can harm the heart, lungs, 
and vasculature directly or indirectly. Many of these 
patients report that their respiratory and cardiovascular 
symptoms, including exhaustion, palpitations, chest 
discomfort, dyspnea, and exercise intolerance, continue 
for months or even years after the infection has ended. 
This developing illness, also known as prolonged COVID 
or post-acute sequelae of SARS-CoV-2 infection (PASC), 
is currently a major focus of clinical and research 

2attention.
According to new data, severe COVID-19 instances may 
be especially susceptible to long-term harm to the 
pulmonary system. Research has documented both lung 
function impairment, including reduced diffusion capacity 
(DLCO) and restricted ventilatory patterns, as well as 
structural abnormalities, such as fibrotic alterations, 
ground-glass opacities, and bronchiectasis, on follow-up 
imaging. Many of these observations are suggestive of 
persistent inflammatory or fibrotic processes that delay 
full healing and remind us of lung remodelling following 

3ARDS.
The cardiovascular system has also demonstrated a great 
deal of long-term susceptibility. Heart failure, arrhythmias, 
myocarditis, and myocardial fibrosis are among the 
cardiac sequelae that patients recovering from severe 
COVID-19 may experience. It is believed that a combinat-
ion of endothelial dysfunction, microvascular thrombosis, 
cytokine-mediated damage, and direct viral invasion 
causes these consequences. Even among individuals 
who were previously healthy and did not have any pre-
existing heart illness, a significant portion of post-COVID 
patients have been found to have myocardial oedema and 
late gadolinium enhancement by advanced imaging 

4techniques such as cardiac MRI.
Cardiopulmonary symptoms that overlap make diagnosis 
and treatment more difficult, particularly for individuals 
whose underlying problems were previously unknown. 
Furthermore, ongoing work is being conducted to identify 
the entire range of these long-term impacts, their natural 
history, and their predictors. Since these patients 

frequently suffer from more severe and long-lasting 
aftereffects, the burden is especially noticeable for those 
who need hospitalization, intensive care unit treatment, or 
mechanical ventilation during the acute stage of their 

5illness.  Developing successful management measures 
requires an understanding of the mechanisms behind 
these long-term cardiopulmonary consequences. Post-
inflammatory fibrosis, immunological dysregulation, and 
viral persistence are believed to collaborate in causing 
persistent tissue damage and symptoms. Careful 
research should also be done on the roles of demographic 
variables, acute-phase treatment modalities (such as 
corticosteroids or mechanical ventilation), and pre-

6existing comorbidities.
Given the global burden of COVID-19 and its significant 
morbidity among hospitalized patients, especially those 
with severe disease, understanding the long-term health 
consequences has become a critical public health 
priority. Emerging evidence suggests that SARS-CoV-2 
infection may lead to lasting damage to both the 
pulmonary and cardiovascular systems, manifesting as 
impaired lung function, myocardial dysfunction, arrhyth-
mias, and persistent dyspnea. However, comprehensive 
data on the chronic cardiopulmonary sequelae, specifica-
lly in survivors of severe COVID-19, remain limited, 
particularly in low- and middle-income settings. Identif-
ying and characterising these long-term complications is 
crucial for developing targeted follow-up strategies and 
rehabilitation protocols, as well as for optimising patient 
care. Therefore, this study aims to assess the chronic 
cardiopulmonary complications in survivors of severe 
COVID-19, informing clinical practice and guiding the 
long-term management of affected individuals.

Objective

To outline the variety of cardiovascular and pulmonary 
issues that individuals experience after acquiring a severe 
case of COVID-19.

Methodology 

This prospective observational cohort study was 
conducted between January 2022 and January 2023 in 
the Chest department of Aga Khan University Hospital, 
Karachi. Adult patients 18 years of age and older who had 
previously been admitted to the hospital for severe 
COVID-19, as defined by one or more of the following 
criteria by WHO guidelines, were eligible participants: 
oxygen therapy requirements, intensive care unit (ICU) 
admissions, the use of invasive or non-invasive 
mechanical ventilation, and radiological evidence of 
bilateral pneumonia. To evaluate ongoing or new long-
term cardiopulmonary symptoms and complications, 
patients were included at least three months after 
discharge. Exclusion criteria included having a history of 
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heart failure or chronic respiratory conditions (like COPD 
or interstitial lung disease) before contracting COVID-19, 
having an active cancer or immunosuppressive condition, 
having incomplete clinical records, or not being able to 
attend follow-up appointments.
Clinical, laboratory, and radiological data were collected 
at each follow-up visit and also from hospital medical 
records. The collected data included baseline demo-
graphics and clinical characteristics such as age, sex, 
body mass index (BMI), smoking status, comorbidities 
(such as diabetes, hypertension, and cardiovascular 
disease), and COVID-19 severity parameters during 
hospitalization (such as length of intensive care unit stay, 
use of oxygen or ventilators, and inflammatory markers).
Pulmonary Function Testing (PFT) was conducted 
according to ATS/ERS guidelines using a calibrated 
spirometer. The following parameters were recorded: 
Forced Vital Capacity (FVC), Forced Expiratory Volume in 
1 second (FEV₁), FEV₁/FVC ratio and Diffusing capacity for 
carbon monoxide (DLCO). High-resolution computed 
Tomography (HRCT) of the chest was performed on all 
patients to assess residual parenchymal abnormalities. 
Findings were categorized into Ground-glass opacities, 
Interstitial thickening, Fibrotic bands and Bronchiectasis.
All patients were also referred for cardiac assessment, 
which included a 12-lead Electrocardiogram (ECG) and 
echocardiography to assess ejection fraction (EF), wall 
motion abnormalities, and pericardial effusion. Selected 
patients (based on clinical indications) underwent cardiac 
MRI to evaluate myocardial fibrosis, oedema, or 
inflammation.
The baseline characteristics were summarized using 
descriptive statistics. Depending on their distribution, 
continuous variables were shown as either the median 
with interquartile or mean ± standard deviation (SD). Both 
percentages and frequencies were used to represent 
categorical variables. To find predictors of significant 
cardiac or pulmonary sequelae, multivariate logistic 
regression analysis was conducted. A p-value of less than 
0.05 is considered statistically significant. The SPSS 
version 23 was used for all analyses.

Results 

The study cohort comprised 235 patients who had 
experienced severe COVID-19 illness requiring hospital-
ization. The mean age was 58.4 ± 12.6 years, indicating a 
predominance of middle-aged to older adults, a 
population known to be at higher risk for severe outcomes 
from COVID-19. Notably, 62.1% of the participants were 
male (n = 146), reflecting the established trend of 
increased severity and complications of COVID-19 in men 
compared to women 37.8%. The mean Body Mass Index 
(BMI) was 27.9 ± 4.8 kg/m², classifying the average 
participant as overweight. Excess body weight is a 
recognized risk factor for both acute COVID-19 severity 

and post-acute complications, including reduced 
pulmonary function and cardiovascular strain. A history of 
smoking was present in 72 patients (30.6%), which may 
contribute to the development or persistence of 
pulmonary abnormalities such as impaired lung function 
or fibrotic changes, making this an important confounding 
factor in long-term sequelae.
Regarding comorbidities, nearly 46% (n = 108) had 
hypertension, and 39.1% (n = 92) were diagnosed with 
diabetes mellitus, both of which are well-known risk 
factors for severe COVID-19 infection and are indepen-
dently associated with increased risk for cardiopulmonary 
complications. Coronary artery disease (CAD) was noted 
in 17.4% (n = 41) of patients, indicating a significant 
proportion had pre-existing cardiovascular vulnerab-
ilities. Over half of the patients (50.2%, n = 118) required 
admission to the Intensive Care Unit (ICU) during the 
acute phase of their illness, indicating the severity of the 
disease in this cohort. Mechanical ventilation was 
administered in 23% (n = 54) of patients, suggesting that a 
substantial subset experienced critical respiratory failure 
requiring invasive support. The average duration of 
hospitalization was 14.8 ± 6.3 days, indicating prolonged 
medical care and likely exposure to interventions that 
could contribute to long-term organ dysfunction. 
The analysis of persistent symptoms at a follow-up period 
of ≥3 months post-discharge among the 235 patients 
revealed a significant burden of ongoing cardiopulmonary 
complaints, many of which impacted daily functioning 
and quality of life. Dyspnea (mMRC Grade ≥1) was 
reported by 138 patients (58.7%), making it the most 
common lingering symptom. The modified Medical 
Research Council (mMRC) dyspnea scale measures 
breathlessness and a grade ≥1 indicates that the patient 
experiences shortness of breath when hurrying on level 
ground or walking up a slight hill. Fatigue was the second 
most prevalent symptom, reported by 122 patients 
(51.9%). Fatigue in post-COVID patients may result from 
systemic inflammation, mitochondrial dysfunction, or 
deconditioning following prolonged il lness and 
hospitalization. Chest pain or discomfort was noted in 49 
patients (20.8%). While non-specific in origin, chest 
discomfort may arise from residual inflammation, 
musculoskeletal strain (from coughing or ICU care), 
pericardial involvement, or undiagnosed cardiac 
complications. In some cases, it could also reflect 
psychological stress or anxiety. Palpitations were present 
in 38 patients (16.2%). This symptom may be linked to 
autonomic dysregulation, persistent myocardial injury, or 
arrhythmias. Exercise intolerance was experienced by 
111 patients (47.2%), representing a reduced ability to 
perform physical activities and potentially resulting from 
impaired oxygen delivery, cardiovascular deconditioning, 
reduced lung capacity, or persistent fatigue. Orthopnea, 
defined as difficulty breathing when lying flat, was found 
in 18 patients (7.7%). Although less common, this 
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symptom is clinically significant, as it may suggest 
underlying cardiac dysfunction such as heart failure, 
particularly in those with elevated BNP levels or 
echocardiographic abnormalities (Table 2).
Table 3 presents the results of pulmonary function tests 
(PFTs) conducted on 235 patients at ≥3 months following 
recovery from severe COVID-19. The findings reveal a 
high prevalence of abnormal pulmonary function, 
highlighting significant residual respiratory impairment. 
Forced Expiratory Volume in 1 Second (FEV₁). The mean 
FEV₁ was 76.2 ± 18.5% of predicted, with 72 patients 
(30.6%) demonstrating FEV₁ values below 80% of 
predicted,   a threshold typically used to define impaired 
airflow. This finding suggests that nearly one-third of the 
patients had persistent airflow limitation. Such impair-
ment may result from airway inflammation, fibrosis, or 
pre-existing lung disease exacerbated by COVID-19. 
Forced Vital Capacity (FVC). The mean FVC was 81.9 ± 
20.4% of predicted, with 63 patients (26.8%) falling below 
normal limits, suggesting a restrictive ventilatory defect in 
over a quarter of patients. This could be attributed to 
parenchymal lung damage, loss of alveolar volume, or 
fibrotic changes identified on radiographic imaging. 
FEV₁/FVC Ratio. The mean FEV₁/FVC ratio was 0.78 ± 
0.09, which falls within the normal range, but 38 patients 
(16.2%) exhibited values suggestive of an obstructive 
pattern (typically defined as a ratio <0.7). This indicates 

that a subgroup may have underlying or COVID-induced 
small airway disease, such as post-viral bronchial 
hyperreactivity or chronic obstructive pulmonary disease-
like changes.  The most striking abnormality was 
observed in the Diffusing Capacity for Carbon Monoxide 
(DLCO), which had a mean value of 63.4 ± 17.9% of the 
predicted value. A total of 121 patients (51.5%) had 
significantly reduced DLCO (<80% predicted), indicating 
impaired alveolar-capillary gas exchange. 
High-resolution computed Tomography (HRCT) of the 
chest was performed on all 235 patients approximately 3 
months or more post-discharge to evaluate persistent 
structural lung abnormalities. The results reveal a high 
burden of residual radiological changes, even after 
clinical recovery from the acute phase of COVID-19. 
Ground-glass opacities (GGO) were present in 106 
patients (45.1%), making them the most common 
radiological finding. GGOs represent areas of partial 
airspace filling or interstitial thickening and suggest 
ongoing inflammation, resolving pneumonia, or early 
fibrotic activity. Their persistence at ≥3 months post-
infection indicates incomplete resolution of parenchymal 
involvement and potential progression to chronic lung 
changes. Reticulations and fibrotic changes were 
identified in 82 patients (34.9%), indicating a significant 
proportion had developed post-COVID pulmonary 
fibrosis. These findings include linear opacities, traction 

Parameter Value

Age (years), mean ± SD 58.4 ± 12.6

Male, n (%) 146 (62.1%)

Female, n (%) 89 (37.8%)

BMI (kg/m²), mean ± SD 27.9 ± 4.8

Smoking history (current/former), n (%) 72 (30.6%)

Hypertension, n (%) 108 (45.9%)

Diabetes mellitus, n (%) 92 (39.1%)

Coronary artery disease, n (%) 41 (17.4%)

ICU admission during acute illness, n (%) 118 (50.2%)

Mechanical ventilation, n (%) 54 (23.0%)

Hospital stay duration (days), mean ± SD 14.8 ± 6.3

Table 1. Baseline Demographic and clinical characteristics of study cases
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bronchiectasis, and architectural distortion. Such fibrotic 
patterns are consistent with the sequelae of acute 
respiratory distress syndrome (ARDS). They are known to 
contribute to restrictive lung function defects and 
reduced DLCO observed in this cohort.
Bronchiectasis was seen in 29 patients (12.3%). 
Subpleural bands were noted in 61 patients (26.0%). 
These linear opacities, located near the pleural surfaces, 
are suggestive of resolving inflammation or early fibrotic 
changes and are often seen in patients recovering from 
viral pneumonia. A normal HRCT scan was found in 46 
patients (19.6%), suggesting complete radiological 
resolution in about one-fifth of the cohort. These patients 
are likely to have had either less severe lung involvement 
during acute illness or better recovery. However, a normal 
scan does not entirely rule out functional abnormalities, 
such as impaired DLCO or persistent symptoms, which 
were still observed in some of these patients (Table 4).
A comprehensive cardiovascular evaluation was 
performed in all 235 patients at least 3 months following 
recovery from severe COVID-19, with advanced imaging, 
such as cardiac MRI, performed in a subset. The findings 
reveal a notable prevalence of cardiovascular abnorm-
alities, suggesting that COVID-19 can lead to sustained 

cardiac involvement, even in patients without pre-existing 
heart disease. Abnormal ECG (non-specific changes) 
were identified in 68 patients (28.9%). These changes 
included T-wave inversions, ST-segment abnormalities, 
and sinus tachycardia. While non-specific, they may 
indicate ongoing myocardial strain, ischemia, or residual 
inflammation and warrant further evaluation to exclude 
underlying pathology. Left ventricular (LV) dysfunction, 
defined as an ejection fraction (EF) < 50%, was observed 
in 32 patients (13.6%) via echocardiography. This 
suggests impaired systolic function, potentially resulting 
from myocarditis, ischemic injury, or cytokine-mediated 
myocardial depression during acute COVID-19. LV 
dysfunction can contribute to persistent symptoms like 
fatigue, dyspnea, and orthopnea.
Myocardial fibrosis, identified on cardiac MRI in a subset 
of 42 patients, was present in 21 cases (50.0%). Elevated 
NT-proBNP levels (>125 pg/mL) were found in 56 patients 
(23.8%), indicating myocardial stress or volume overload. 
Elevated natriuretic peptides are commonly associated 
with heart failure, and their presence may reflect 
subclinical cardiac dysfunction or ongoing hemodynamic 
stress post-recovery. High-sensitivity Troponin I, a 
sensitive marker of myocardial injury, was elevated in 19 

 

 

 

Symptom Frequency, n (%)

Dyspnea (mMRC Grade ≥1) 138 (58.7%)

Fatigue 122 (51.9%)

Chest pain/discomfort 49 (20.8%)

Palpitations 38 (16.2%)

Exercise intolerance 111 (47.2%)

Orthopnea 18 (7.7%)

Table 2. Persistent Symptoms at Follow-Up (≥3 months post-discharge)

PFT Parameter Mean ± SD Abnormality Frequency, n (%)

FEV  (% predicted)1 76.2 ± 18.5 72 (30.6%)

FVC (% predicted) 81.9 ± 20.4 63 (26.8%)

FEV /FVC ratio1 0.78 ± 0.09 38 (16.2%) – obstructive pattern

DLCO (% predicted) 63.4 ± 17.9 12 (11.5%)

Table 3. Pulmonary Function Test (PFT) Findings of study cases
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patients (8.1%). Pericardial effusion, of mild to moderate 
degree, was found in 14 patients (6.0%) on echocardio-
graphy. At the same time, generally, small and hemodyna-
mically insignificant pericardial effusions may reflect 
subclinical pericarditis, immune-mediated inflammation, 
or post-viral changes. Some cases may evolve into 
constrictive pericarditis if unmonitored (Table 5).

Discussion 

The long-term impacts that survivors particularly those 
who experienced severe forms of the virus face are 
receiving more attention as the global effects of COVID-
19 become more apparent. Despite an extensive range of 
research on the acute phase of COVID-19, clinicians and 
healthcare systems around the world continue to be 
increasingly concerned about the post-acute sequelae of 

2SARS-CoV-2 infection (PASC).   In our study 235 patients 
who were hospitalized for severe COVID-19 and followed 
up for at least three months after their discharge are 
included, which offers a thorough evaluation of cardiop-
ulmonary long-term sequelae. The findings highlight how 
the respiratory and cardiovascular systems are both 
affected by the ongoing burden of symptoms, functional 
restrictions, and structural abnormalities.
Our cohort's clinical and demographic characteristics 
provide crucial context for recognizing the cardiopul-
monary sequelae observed during follow-up. The study 
population consisted mainly of older adults (mean age 
58.4 ± 12.6 years) with a minor male predominance 
(62.1% male, 37.8% female). This pattern is in 
accordance with international evidence indicating that 
older men are at higher risk of serious COVID-19 with 
increased hospitalization, intensive care unit (ICU) 
admission, and mortality.1 Our findings agree with the 

6report for large cohorts like the ISARIC study (UK),  
reporting a median age of 59 for hospitalized COVID-19 
patients and an analogous male dominance (~60%). 
Older age has been consistently linked with poorer 
outcomes owing to dysregulation of the immune system 

with age and increased comorbidity burden. The average 
BMI was 27.9 ± 4.8 kg/m², which means that a high 
percentage of patients belonged to the mildly obese or 
overweight category. This is consistent with research 

7such as the Scheen et., al (2020) , in which obesity was 
shown to be a major risk factor for critical COVID-19 and 
unfavorable in-hospital outcomes. Obesity could also 
influence long-term recovery as it is linked with systemic 
inflammation and cardiopulmonary comorbidities.
Results showed had high rates of chronic conditions, 
including coronary artery disease (17.4%), diabetes 
mellitus (39.1%), and hypertension (45.9%). These results 
are consistent with trends noted in previous research, 

8Dennis et., al (2021),  where similar burdens of 
comorbidities were seen in hospitalized patients with 
acute COVID-19. These conditions not only predispose to 
acute complications but also to protracted convale-
scence and organ-related sequelae, such as cardiac and 
pulmonary dysfunction. For example, one study by 

9Huang et al. (2022)  of 1,733 patients from Wuhan noted 
hypertension in 30% and diabetes in 12% of their cohort, 
though their patient population had a marginally lower 
mean age.  Nearly 50.2% of the patients needed ICU 
care, and 23.0% needed mechanical ventilation, 
highlighting the severity of presentation in our population. 
Mechanical ventilation and extended ICU admission are 
both known risk factors for post-ICU syndrome, 
pulmonary fibrosis, and cardiopulmonary dysfunction. In 

10comparison to the Yang (2022),  reporting ICU 
admissions in 40% of long COVID patients, post-COVID 
complications are more likely to occur among the studied 
cases Prolonged hospitalization typically indicates more 
severe illness and complications in the form of secondary 
infections, acute respiratory distress syndrome (ARDS), 
or requirement of ventilatory support. A post-acute 

11COVID-19 sequelae study by Carfì et al. (2020)  
demonstrated that longer hospitalization is associated 
with more symptom burden upon recovery, which is 
concordant with our experience of ongoing dyspnea, 
tiredness, and functional impairment. Ongoing symptoms 

HRCT Finding Frequency, n (%)

Ground-glass opacities 106 (45.1%)

Reticulations/fibrotic changes 82 (34.9%)

Bronchiectasis 29 (12.3%)

Subpleural bands 61 (26.0%)

Normal HRCT 46 (19.6%)

Table 4. Radiological Findings on HRCT Chest 
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after COVID-19 inpatient admission are an emerging 
public health issue. Our data indicate a substantial burden 
of long-term cardiopulmonary and systemic symptoms, 
the most common among survivors at ≥3 months post-
discharge being dyspnea, fatigue, and exercise 
intolerance. The findings are in according with an 
emergent international literature on post-acute sequelae 
of SARS-CoV-2 infection (PASC), or so-called long 
COVID. Dyspnea, (138 (58.7%)) particularly exertional, 
was the most common symptom in our population. 
Similar prevalence (26.0%) was reported by Huang et al. 

9(2022)  with lower rates of ICU admission. Conversely, 
12González et al. (2021)  reported 53% dyspnea at 12 

weeks post-discharge in a Spanish population, which 
closely matches our rate of 58.7%. 
Fatigue is one of the most frequent and impairing 
symptoms in long COVID sufferers. The present study 
showed that 122 (51.9%) patients experienced fatigue. 

11Carfì et al. (2020),  also reported that 53.1% of patients 
complained of fatigue at two months from symptom 

13onset. Likewise, Lopez-Leon et al. (2021)  performed a 
systematic review and meta-analysis from 15 nations and 
reported 58% of people having fatigue as the most 
frequent long-term symptom of COVID-19 worldwide. 

14Rinaldo et al. (2021)  identified decreased functional 
capacity in more than 40% of patients by 3 months, even 
in the presence of some normal pulmonary function, 
implying intrinsic muscle deconditioning or cardiova-
scular stress.  Chest Pain/Discomfort was found among 

8 49 (20.8%) patients Dennis A et al. (2021) in their study 
also found that 29% of the cases was associated with 
myocardial inflammation or fibrosis in certain individuals. 

15Puntmann et al. (2020)  also documented cardiac 
compromise in convalesced COVID-19 patients, with 
78% having cardiac abnormalities and 60% chest 
symptoms, proposing a cardiac cause for this post-viral 
chest pain.  In the Mount Sinai COVID-19 Recovery Clinic 

16(New York), Sudre et al. (2021)  noted that 11% of long 

COVID patients had palpitations, usually related to 
postural orthostatic tachycardia syndrome (POTS) or 
persistent myocardial irritation. Although less common, 
orthopnea in 18 patients (7.7%) may indicate cardiac 
involvement, particularly left ventricular dysfunction. This 
is in line with our results which showed that 13.6% of 
patients had a lower ejection fraction (EF < 50%). Mandal 

17et al. (2021)  highlighted that even mild reductions in 
cardiac function can manifest as nocturnal dyspnea or 
orthopnea, especially when fluid balance is altered post-
ICU.
FEV₁ (predicted percentage): 76.2 ± 18.5, Results showed 
that FEV was found abnormal in 30.6% of cases. After 1 

COVID, nearly one-third of our patients have low FEV₁ 
values, which indicates mild airflow limitation. This result 

18agrees with Mo et al. (2020),  who reported abnormal 
FEV₁ in 25% of cases discharged at 4 weeks. Huang et al. 

9(2022)  reported that 22–29% of recovered patients had 
decreased FEV₁ at 6 months. These abnormalities are 
likely due to small airway inflammation, residual bronchial 
reactivity, or mechanical ventilation-induced damage in 
ICU-treated subjects. The mean predicted FVC value was 
81.9 ± 20.4, which is abnormal at 26.8. The observed 
decrease in FVC also suggests restrictive ventilatory 
patterns, which may be caused on by post-viral fibrotic 
changes. Among a cohort of survivors of COVID-19, Guler 

19et al. (2021)  noted decreased FVC in 20.3% of patients at 
the 4-month follow-up. Patients with this finding frequ-
ently had extensive parenchymal alterations on imaging. 
In our study, the relatively well-preserved FVC in 
comparison to DLCO indicates vascular remodeling or 
parenchymal damage rather than outright restriction. 
Obstructive pattern was found in 16.2%, and FEV₁/FVC 
ratio was 0.78 ± 0.09. A decrease in the FEV₁/FVC ratio 
was observed in 16.2% of patients, suggesting an 
obstructive pattern. This is consistent with the observ-

20ations made by Lerum et al. (2021),  who found 
obstructive patterns in 15% patients at 3 months follow-

Pak. J. Chest Med. 2025;31(03)

Parameter Frequency, n (%)

Abnormal ECG (non-specific changes) 68 (28.9%)

Left ventricular dysfunction (EF < 50%) 32 (13.6%)

Myocardial fibrosis (on MRI) 21 of 42 scanned (50.0%)

Elevated NT-proBNP (>125 pg/mL) 56 (23.8%)

Elevated hs-Troponin I 19 (8.1%)

Pericardial effusion (mild/moderate) 14 (6.0%)

Table 5. Cardiovascular assessment results of study cases
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up. These were more frequent in smokers or those with a 
history of respiratory disease, although COVID-19 can 
trigger underlying airway hyperreactivity. Also, 
mechanical ventilation and high-flow oxygen therapy 
could lead to airway remodeling among ICU survivors. In 
121 patients (51.5%), the DLCO (predicted percentage) 
was abnormal at 63.4 ± 17.9. With over half (51.5%) of our 
group exhibiting abnormalities, DLCO was the most 
compromised parameter. This is consistent with studies 

9like Huang et al. (2022),  which discovered that 56% of 
patients had a decreased DLCO at 6 months, and Zhao et 

21al. (2020),  which found DLCO abnormalities in 52% of 
non-ICU patients and 65% of ICU patients at 3 months. 
This recurrent finding confirms that DLCO is a sensitive 
measure of lung damage following COVID, most likely due 
to pulmonary microangiopathy, interstitial fibrosis, 
vascular thrombosis, or damage to the alveolar-capillary 
membrane. Correlation of decreased DLCO with 
persistent dyspnea/exercise intolerance in our patients 
validates its clinical significance. High-resolution 
computed tomography (HRCT) has been a crucial 
imaging modality in the evaluation of pulmonary sequelae 
following COVID-19.
Normal scans were present in only 19.6% of the patients, 
suggesting that radiologic abnormalities remain in a high 
percentage of survivors of severe COVID-19. In Ground-
Glass Opacities (GGO), 106 (45.1%) patients were the 
most common radiological abnormality in our population. 
These opacities probably reflect sites of chronic alveolar 
inflammation or unresolved pneumonia, as organizing 
pneumonia patterns. Our results agree with other 

22research such as Han et al. (2021) , reporting GGOs in 
44% of 114 patients at 6-month follow-up. Zhao et al. 

21(2020)  reported similar long-term persistence of GGOs 
in 39% of patients 3 months from discharge and 

23Sonnweber et al. (2021)  also observed GGOs in about 
40% of cases at 100 days post-infection. These results 
emphasize that GGO is still one of the most frequent 
imaging findings among convalescent COVID-19 
patients, especially with initial moderate-to-severe 
disease. Among study cases, 82 patients (34.9%) had 
reticulations or fibrotic changes. Post-inflammatory 
fibrotic remodeling is indicated by reticulations, 
interlobular septal thickening, and architectural 
distortion, which are fibrotic changes on HRCT. Because 
they have the potential to result in long-term functional 
impairment, these are clinically relevant. Like Guler et al. 

19(2021),  who observed fibrotic markers in 34% of COVID-
2219 patients at 4 months, and Han et al. (2021),  who 

reported fibrotic-like alterations in 35% of patients, with a 
higher rate of intensive care unit (ICU) patients, our 
incidence of fibrotic alterations (34.9%) is comparable as 
well. The similarities in studies point to a close correlation 
between severe COVID-19 and the predisposition to 
post-COVID pulmonary fibrosis, and long-term monit-
oring is indicated. In Bronchiectasis, 29 patients (12.3%) 

the finding of bronchiectasis in 12.3% of patients most 
probably indicates structural airway injury, perhaps as a 
result of chronic inflammation, Severe infection, 
mechanical ventilation, or superimposed bacterial 
infection. Similar results also reported by Pan et al. 

24(2020),  who reported the bronchial dilatation was found 
in 11% of patients at 3-month follow-up. Despite being 
less frequent than GGOs or fibrosis, post-COVID lung 
bronchiectasis can predispose to recurrent symptoms 
and chronic infection and therefore is clinically relevant. In 
Subpleural Bands, 61 patients (26.0%), indicative of 
residual scarring or focal atelectasis and are often seen in 
organizing pneumonia.  In our study, they were seen in 
over a quarter of patients, suggesting structural 

21remodeling following viral insult. Zhao et al. (2020)  
reported subpleural lines or bands in 23% of survivors. 
These findings are characteristic of other interstitial 
patterns of lung disease and can persist for months, 
particularly in patients with more extensive initial lung 
involvement.  In our study, normal HRCT ,46 (19.6%) 
patients had completely normal HRCT scans, suggesting 
most individuals with severe COVID-19 progress to some 
form of permanent radiological abnormality. This is 

23consistent with Sonnweber et al. (2021),  with normal 
HRCT in 21% of moderate/severe COVID-19 patients 

9while Huang et al. (2022)  reported 25–30% of patients 
had complete radiologic resolution at 6 months.
These figures emphasize that radiological abnormalities 
are prevalent even after the acute stage, especially in 
those who need ICU-level care or oxygen therapy. SARS-
CoV-2 infection affects not only the respiratory system but 
also profoundly influences the cardiovascular system by 
direct viral damage, systemic inflammation, endothelial 
dysfunction, and pro-thrombotic states. In the present 
study, several cardiovascular abnormalities were 
observed on follow-up, indicating extensive long-term 
cardiac involvement. In abnormal ECG (non-specific 
changes),  68 patients (28.9%), a large proportion of 
patients (28.9%) exhibited ECG abnormalities such as 
sinus tachycardia, ST-T wave changes, and premature 
beats. These could indicate residual myocardial inflam-
mation, disturbances in conduction, or autonomic 
dysfunction. Comparable results have also been 

25observed in another study by Radin et al. (2021),  which 
reported that ECG abnormalities in around 30% of 
recovered COVID-19 patients, such as repolarization 
abnormalities and arrhythmias. These observations 
highlight the value of ECG in identifying active subclinical 
cardiac involvement in post-COVID patients. In Left 
Ventricular Dysfunction (EF < 50%), 32 patients (13.6%), 
Echocardiographic assessment found LV systolic 
dysfunction in 13.6% of our population.  This indicates 
either new cardiac cardiomyopathy or exacerbation of 
previous cardiac disease, perhaps due to viral myoca-
rditis or stress-induced cardiomyopathy (Takotsubo 
syndrome). This finding is also documented by Puntmann 
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15et al. (2020)  who identified LV dysfunction in 15% of 
recovered patients on cardiac MRI. This finding suggests 
that there is a subgroup of patients who have chronic 
myocardial impairment that requires longitudinal cardiac 
surveillance. In  myocardial fibrosis (on MRI), 21 out of 42 
patients (50.0%) had myocardial fibrosis, which indicates 
a history of myocarditis or myocardial damage. Late 
gadolinium enhancement (LGE) on MRI signifies 
irreversible scarring and has the potential to predispose 
patients to arrhythmias or heart failure. This rate is like to 

15Puntmann et al. (2020)  who had fibrosis or LGE in 60% of 
recovered patients, even in those with mild or asymp-

9 tomatic COVID-19 and Huang et al. (2022) had cardiac 
MRI abnormalities in 58% of patients 3–6 months 
following infection. The high rate of fibrosis necessitates 
regular post-COVID cardiac imaging in symptomatic 
patients or those with abnormal biomarkers. Increased 
NT-proBNP (>125 pg/mL), 56 patients (23.8%), elevation 
in NT-proBNP indicates myocardial strain, heart failure, or 
volume overload. In our study, 23.8% of the patients had 
elevated NT-proBNP levels, indicating subclinical 
ongoing ventricular dysfunction. Referencing literature 

26encompasses van den Heuvel et al. (2021) , who 
identified increased NT-proBNP in 22% of survivors of 
COVID-19 with persistent dyspnea. This observation 
supports the incorporation of biomarker monitoring in 
cardiovascular follow-up of convalescent patients. 
Increased hs-Troponin I, 19 patients (8.1%), Increased hs-
Troponin I in 8.1% of patients indicates continuing 
myocardial damage. Though troponin rise is usual in 
acute illness, post-recovery persistent elevation can 
suggest subacute myocarditis or unresolving cardiac 

27stress. Comparative study by Kotecha et al. (2021)  also 
showed myocardial inflammation with raised troponin in 
7–8% of MRI scans after COVID. Persistent troponin rise 
should be a pointer for additional cardiac imaging and 
cardiology referral. Mild/moderate pericardial effusion, 14 
patients (6.0%), pericardial effusions were seen in 6.0% of 
patients, most likely as a result of pericarditis or ongoing 
inflammation. Although usually clinically quiet, they can 
produce chronic chest pain or tamponade complications 
in unusual instances. This agrees with Puntmann et al. 

15(2020)  noted pericardial involvement in 6.7% of their 
population by MRI. Early identification is critical, 
especially in chest pain and ECG abnormality patients.

Conclusion

A significant portion of individuals who recover from 
severe COVID-19 nonetheless have long-lasting 
cardiovascular problems, including heart dysfunction, 
lingering radiological changes, and impaired lung 
function. These findings emphasize how crucial compr-
ehensive long-term monitoring and interdisciplinary care, 
with a focus on cardiopulmonary health, are for COVID-19 
survivors.

References

1. Hozhabri H, Sparascio FP, Sohrabi H, Mousavifar L, 
Roy R, Scribano D, et al. The global emergency of 
novel coronavirus (SARS-CoV-2): An update of the 
current status and forecasting. Int J Environ Res 
Public Health. 2020;17(16):5648. DOI: 10.3390/ 
ijerph17165648.

2. Mohanty SK, Satapathy A, Naidu MM, Mukhop-
adhyay S, Sharma S, Barton LM, et al. Severe acute 
respiratory syndrome coronavirus-2 (SARS-CoV-2) 
and coronavirus disease 19 (COVID-19)–anatomic 
pathology perspective on current knowledge. Diagn 
Pathol. 2020;15:1–7. DOI: 10.1016/j.ijantimicag. 
2020.105924.

3. Salehi S, Reddy S, Gholamrezanezhad A. Long-term 
pulmonary consequences of coronavirus disease 
2019 (COVID-19): what we know and what to expect. 
J Thorac Imaging. 2020;35(4):W87–9. DOI: 10.1097/ 
RTI.0000000000000534.

4. Satterfield BA, Bhatt DL, Gersh BJ. Cardiac 
involvement in the long-term implications of COVID-
19. Nat Rev Cardiol. 2022;19(5):332–41. DOI: 
10.1038/s41569-021-00631-3.

5. Roversi S, Fabbri LM, Sin DD, Hawkins NM, Agusti A. 
Chronic obstructive pulmonary disease and cardiac 
diseases. An urgent need for integrated care. Am J 
Respir Crit Care Med. 2016;194(11):1319–36. DOI: 
10.1164/rccm.201604-0690SO.

6. Docherty AB, Harrison EM, Green CA, Hardwick HE, 
Pius R, Norman L, et al. Features of 20 133 UK 
patients in hospital with covid-19 using the ISARIC 
WHO Clinical Characterisation Protocol: prospective 
observational cohort study. BMJ. 2020;369:m1985. 
DOI: 10.1136/bmj.m1985.

7. Scheen AJ, Marre M, Thivolet C. Prognostic factors in 
patients with diabetes hospitalized for COVID-19: 
Findings from the CORONADO study and other 
recent reports. Diabetes Metab. 2020;46(4):265–71. 
DOI: 10.1016/j.diabet.2020.05.008.

8. Dennis A, Wamil M, Alberts J, Oben J, Cuthbertson 
DJ, Wootton D, et al. Multiorgan impairment in low-
risk individuals with post-COVID-19 syndrome: a 
prospective, community-based study. BMJ Open. 
2021;11(3):e048391. DOI: 10.1136/bmjopen-2020-
048391.

9. Huang N, Tang C, Li S, Ma W, Zhai X, Liu K, et al. 
Association of lung function with the risk of cardio-
vascular diseases and all-cause mortality in patients 
with diabetes: Results from NHANES III 1988–1994. 
Front Cardiovasc Med. 2022;9:976817. DOI: 
10.3389/fcvm.2022.976817.

Pak. J. Chest Med. 2025;31(03)

Long-Term Cardiopulmonary Sequelae in Severe COVID-19 Survivors



239

10. Yang T, Yan MZ, Li X, Lau EH. Sequelae of COVID-19 
among previously hospitalized patients up to 1 year 
after discharge: a systematic review and meta-
analysis. Infection. 2022;50(5):1067–109. DOI: 
10.1007/s15010-022-01862-3.

11. Carfì A, Bernabei R, Landi F. Persistent symptoms in 
patients after acute COVID-19. J Am Med Assoc. 
2020;324(6):603–5. DOI: 10.1001/jama.2020.12603.

12. González J, Benítez ID, Carmona P, Santisteve S, 
Monge A, Moncusí-Moix A, et al. Pulmonary function 
and radiologic features in survivors of critical COVID-
19: a 3-month prospective cohort. Chest. 2021;160 
(1):187–98. DOI: 10.1016/j.chest.2021.02.062.

13. Lopez-Leon S, Wegman-Ostrosky T, Perelman C, 
Sepulveda R, Rebolledo PA, Cuapio A, et al. More 
than 50 long-term effects of COVID-19: a systematic 
review and meta-analysis. Sci Rep. 2021;11(1): 
16144. DOI: 10.1038/s41598-021-95565-8.

14. Rinaldo RF, Mondoni M, Parazzini EM, Pitari F, 
Brambilla E, Luraschi S, et al. Deconditioning as main 
mechanism of impaired exercise response in COVID-
19 survivors. Eur Respir J. 2021;58(2):2100870. DOI: 
10.1183/13993003.00870-2021.

15. Puntmann VO, Carerj ML, Wieters I, Fahim M, Arendt 
C, Hoffmann J, et al. Outcomes of cardiovascular 
magnetic resonance imaging in patients recently 
recovered from coronavirus disease 2019 (COVID-
19). JAMA Cardiol. 2020;5(11):1265–73. DOI: 
DOI:10.1001/jamacardio.2020.3557.

16. Sudre CH, Murray B, Varsavsky T, Graham MS, 
Penfold RS, Bowyer RC, et al. Attributes and 
predictors of long COVID. Nat Med. 2021;27(4): 
626–31. DOI: 10.1038/s41591-021-01292-y.

17. Mandal S, Barnett J, Brill SE, Brown JS, Denneny EK, 
Hare SS, et al. 'Long-COVID': a cross-sectional study 
of persisting symptoms, biomarker and imaging 
abnormalities following hospitalisation for COVID-
19. Thorax. 2021;76(4):396–8. DOI: 10.1136/ 
thoraxjnl-2020-215818.

18. Mo X, Jian W, Su Z, Chen MU, Peng H, Peng P, et al. 
Abnormal pulmonary function in COVID-19 patients 
at time of hospital discharge. Eur Respir J. 2020;55 
(6):2001217. DOI: 10.1183/13993003.01217-2020.

19. Guler SA, Ebner L, Aubry-Beigelman C, Bridevaux 
PO, Brutsche M, Clarenbach C, et al. Pulmonary 
function and radiological features 4 months after 
COVID-19: first results from the national prospective 
observational Swiss COVID-19 lung study. Eur Respir 
J. 2021;57(4):2003690. DOI: 10.1183/13993003. 
03690-2020.

20. Lerum TV, Aaløkken TM, Brønstad E, Aarli B, Ikdahl E, 
Lund KM, et al. Dyspnoea, lung function and CT 
findings 3 months after hospital admission for 
COVID-19. Eur Respir J. 2021;57(4):2003448. DOI: 
10.1183/13993003.03448-2020.

21. Zhao YM, Shang YM, Song WB, Li QQ, Xie H, Xu QF, 
et al. Follow-up study of the pulmonary function and 
related physiological characteristics of COVID-19 
survivors three months after recovery. EClinical-
Medicine. 2020;25:100463. DOI: 10.1016/j.eclinm. 
2020.100463.

22. Han X, Fan Y, Alwalid O, Li N, Jia X, Yuan M, et al. Six-
month follow-up chest CT findings after severe 
COVID-19 pneumonia. Radiology. 2021;299(1): 
E177–86. DOI: 10.1148/radiol.2021203153.

23. Sonnweber T, Sahanic S, Pizzini A, Luger A, Schwabl 
C, Sonnweber B, et al. Cardiopulmonary recovery 
after COVID-19: an observational prospective 
multicentre trial. Eur Respir J. 2021;57(4):2003481. 
DOI: 10.1183/13993003.03481-2020.

24. Pan Y, Guan H, Zhou S, Wang Y, Li Q, Zhu T, et al. 
Initial CT findings and temporal changes in patients 
with the novel coronavirus pneumonia (2019-nCoV): 
a study of 63 patients in Wuhan, China. Eur Radiol. 
2020;30:3306–9. DOI: 10.1007/s00330-020-06731-
x.

25. Radin JM, Quer G, Ramos E, Baca-Motes K, 
Gadaleta M, Topol EJ, et al. Assessment of prolonged 
physiological and behavioral changes associated 
with COVID-19 infection. JAMA Netw Open. 2021; 
4(7):e2115959. DOI:10.1001/jamanetworkopen. 
2021.15959.

26. Van den Heuvel FM, Vos JL, van Bakel B, 
Duijnhouwer AL, van Dijk AP, Dimitriu-Leen AC, et al. 
Comparison between myocardial function assessed 
by echocardiography during hospitalization for 
COVID-19 and at 4 months follow-up. Int J 
Cardiovasc Imaging. 2021;37:3459–67. DOI: 
10.1007/s10554-021-02346-5.

27. Kotecha T, Knight DS, Moon JC, Cole GD, Fontana 
M. The evolution of cardiovascular COVID-19 
research. Eur Heart J. 2021;42(30):2953–4.

Long-Term Cardiopulmonary Sequelae in Severe COVID-19 Survivors

Pak. J. Chest Med. 2025;31(03)


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

