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Abstract To determine the cardiopulmonary changes in
the survivors of acute COVID-19 infection at 3—6 month
and 6-12 month. We followed up 53 patients out of which
28 (52%) had mild COVID-19 and 25 (48%) had severe
COVID-19. The first follow-up was between 3 month after
diagnosis up to 6 month and second follow-up between 6
and 12 month from the date of diagnosis of acute COVID-
19. They were monitored using vital parameters, pulmo-
nary function tests, echocardiography and a chest computed
tomography (CT) scan. We found improvement in diffusing
capacity for carbon monoxide (DLCO) with a median of
52% of predicted and 80% of predicted at the first and second
follow-up, respectively. There was improvement in the CTSS
in severe group from 22 (18-24) to 12 (10-18; p-0.001).
Multivariable logistic regression revealed increased odds of
past severe disease with higher CTSS at follow-up (OR-1.7
[CI 1.14-2.77]; P=0.01). Correlation was found between
CTSS and DLCO at second follow-up (r2 =0.36; p<0.01).
Most of patients recovered from COVID-19 but a subgroup
of patients continued to have persistent radiological and
pulmonary function abnormalities necessitating a structured
follow-up.
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Introduction

SARS-CoV-2 infection continues to lay enormous pressure
on healthcare system globally. The survivor pool continues
to increase, many continue to experience symptoms long
after acute illness. COVID-19 is a multisystemic disease, in
which symptoms range from mild-to-severe life-threatening
complications like pneumonia, acute respiratory distress
syndrome, myocarditis and pulmonary embolism [1].

Till date more than 100 million people worldwide have
recovered from COVID-19, but some organ systems like
lung and heart continue to experience long-term impair-
ment. Majority of evidence worldwide regarding post-viral
syndromes was concluded from experience in severe acute
respiratory virus syndrome (SARS) and middle east res-
piratory syndrome (MERS) survivors. One third of MERS
survivors were found to have persisting chest abnormali-
ties at 6-week follow-up. Similarly, in a subgroup of SARS,
survivors around 30% of patients had persisting pulmonary
fibrosis at 3- and 6-month of follow-up [2-5].

Based on the duration of symptoms, long COVID
includes an ongoing symptomatic phase which lasts for
4-12 weeks and any symptoms lasting for more than
12 weeks fall under the spectrum of post-COVID-19 syn-
drome [6]. Post-COVID-19 sequelae can encompass diverse
manifestations like pulmonary fibrosis, pulmonary and sys-
temic vascular disease, bronchiectasis, chronic fatigue, and
psychosocial disorders. Cardiovascular involvement may
occur in about 20 to 30% of patients hospitalized with severe
COVID-19. These may manifest as elevated troponin levels,
venous thromboembolism, heart failure and arrhythmias.
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The long-term sequelae which are initiated with this inflam-
matory process include myocardial fibrosis or scarring,
persisting left ventricular dysfunction, inappropriate sinus
tachycardias and autonomic dysfunction [7-17].

The pathophysiology is poorly understood, and treat-
ment options are minimal. Therefore, these patients should
be followed up to detect and manage the sequelae which
can cause functional impairment of varying degree. So far,
there is paucity prospective data on the long-term follow-
up of cardiopulmonary changes over one year after acute
COVID-19 infection from India. This prospective observa-
tional study aims to follow-up on cardiopulmonary changes
in the survivors of acute COVID-19 infection at 3—6 month
and 6-12 month.

Material and Methods
Study Design and Participants

In this prospective observational study, patients were
recruited from outpatient and inpatient services of All India
Institute of Medical Sciences, New Delhi, from Oct 2020 to
Oct 2022. Since ours was one of the first studies from India,
considering the current setting, time constraints, resources,
and feasibility, an arbitrary sample size of 45 patients was
chosen. The inclusion criteria were age between 18 and
65 year; confirmed cases of COVID-19 with either cartridge-
based nucleic amplification tests or real-time polymerase
chain reaction (RT-PCR). We excluded cases who refused
consent, had a known cardiopulmonary disease, or were
pregnant. The study was approved by the Institutional Eth-
ics Committee of AIIMS, New Delhi, and was performed
in accordance with the Declaration of Helsinki. Informed
consent was obtained from all participants before collect-
ing the data.

Procedure

Based on the severity of acute COVID-19 illness as per the
Indian Council of Medical Research COVID-19 task force
guidelines, patients were categorized as mild or severe [18].
Patients were characterized as having mild disease if they
had symptoms of upper respiratory tract and/or fever without
shortness of breath or hypoxia, and as a severe disease if res-
piratory rate > 30/min or breathlessness or oxygen saturation
(Sp0O,) <90% on room air.

Data were collected using a structured questionnaire
which included baseline parameters like age, sex, date of
diagnosis, duration of symptoms (cough, fever, and short-
ness of breath), comorbidities, vitals (pulse rate (PR), respir-
atory rate (RR), mean arterial pressure (MAP), and ratio of
oxygen saturation on pulse oximetry and fraction of inspired
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oxygen [SpO,/FiO,]), need for supplemental oxygen, drugs
received, computed tomography severity score (CTSS)
and left ventricular ejection fraction (LVEF). A computed
tomography of the chest was done at the second follow-up
Visit.

Pulmonary Function Variables

Spirometry was performed using MIR Spirolab III as per
the ATS/ERS guidelines. Pulmonary function tests (Forced
expiratory volume at 1 s (FEV)), forced vital capacity
(FVC), ratio of FEV,/FVC, forced expiratory flow between
25 and 75% of vital capacity (FEF,s_5¢), and diffusion
capacity of lung for carbon monoxide (DLCO)) were
recorded as percentage predicted values, and z-scores at
both the follow-ups.

Echocardiographic Variables

Standard echocardiography was performed using a
1.7-3.4 MHz tissue harmonic transducer by an experienced
cardiologist. For cardiac evaluation, parameters suggesting
systolic and diastolic dysfunction (peak velocity of blood
flow in early diastole (E), ratio of peak velocity in early
diastole and peak velocity in late diastole (transmitral E/A),
velocity of the mitral annulus by pulsed tissue Doppler at
lateral side (lateral e’), velocity of the mitral annulus by
pulsed tissue Doppler at septal side (medial e’), ratio of
peak early mitral inflow velocity and average early diastolic
mitral annulus velocity (E/e’), left ventricular ejection frac-
tion (LVEF), tricuspid regurgitation velocity (TRV) and
regional wall motion abnormalities) were recorded at both
the follow-ups.

CT Variables

CT scans were acquired on a 1280-slice multidetector CT
with a 128 X 0.6 mm collimation and spiral pitch factor of
1.1 (SOMATOM Definition Flash, Siemens Healthineers).
Scans were obtained in the craniocaudal direction without
an iodine contrast agent and in a low-dose setting (100
kVp tube potential). Axial reconstructions were performed
with a slice thickness of 1 mm. CT images were evaluated
for the presence of ground-glass opacities (GGOs), consol-
idations, bronchial dilatation, and reticulations as defined
by the glossary of terms of the Fleischer Society. They
were reported as either present or absent. The CTSS was
calculated at baseline and second follow-up. A score was
given depending on the percentage of involvement of each
of the five lobes—1 for < 5%, 2 for 5-25%, 3 for 26—49%,
4 for 50-75% and 5 for >75% involvement. The total CT
severity score is the sum of individual lobar scores and
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ranges from O (no involvement) to 25 (Maximum involve-
ment) when all lobes show more than 75% involvement.

For imaging assessments, two radiologists with 5 year
and 25 year of thoracic radiology experience, reviewed
the images independently, with a final finding reached by
consensus when a discrepancy was found. The radiologists
were masked to the clinical information or clinical pro-
gress of the patients, except for the knowledge that these
images were of patients with COVID-19.

Statistical Analysis

A descriptive statistical analysis was done. The normal-
ity of variables was checked with the use of the Shap-
iro—Wilk test. If variables were normally distributed, they
were expressed as mean + SD, otherwise median with
inter-quartile range. We used the Wilcoxon rank sum test
to compare unpaired quantitative variables (vitals, pul-
monary function test parameters [PFT] and echocardio-
graphic parameters) in both groups (mild and severe) and
Wilcoxon signed-rank test to compare paired quantitative
variables (vitals, PFTs, and echocardiographic parameters)
between first and second follow-up. Chi-square test/Fish-
er’s exact test was used to assess the association between
categorical data. The McNemar test was used to compare
paired categorical data. Predictors of DLCO less than 80%
at the second follow-up were determined using univariable
and multivariable logistic regression analysis. Predictors
of disease severity at baseline were determined using uni-
variable and multivariable logistic regression analysis.
Linear correlation was assessed between DLCO and CTSS
at the second follow-up using Pearson’s correlation coef-
ficient. All the statistical analysis was performed using
STATA 15.0 version software. The results were considered
statistically significant at a p-value less than 0.05.

Fig. 1 Study flow diagram

Results

For this study, 113 patients with confirmed acute COVID-
19 infection were screened. Sixty patients were excluded;
twenty-eight had known cardiopulmonary disease, ten
patients did not give consent, 20 patients did not have base-
line CT scans, and two patients did not have persistent symp-
toms. Of the 53 patients included in the study, 28 (52%)
had mild COVID-19, and 25 (47%) had severe COVID-19
illness (Fig. 1).

The median (IQR) age of the overall study population was
43 year (31-61). There were significantly older individuals in
the severe group compared to the mild group [53 year (IQR
37-63) versus 34 year (IQR 27-52); (p=0.03)]. There was
no difference in gender between the two groups (p =0.72).
There was a significantly longer duration of acute symptoms
like cough and fever in the severe group (13 + 8 days) com-
pared to the mild group (4 +2.3 days). Comorbid diseases
were seen in 23 (44%) of the study population, common
comorbidities being hypertension [n=16 (30%)], diabetes
[n=18 (34%)] and hypothyroidism [n=2 (3.77%)]. There
was no significant difference in the two groups in terms of
the presence of comorbidities (p =0.08). Median CTSS in
the overall population was 4 (IQR 3-22). Baseline CTSS
was higher in the severe group (22 [IQR 18-24]) compared
to the mild group (3 [IQR 2-4]) (»=0.001). Baseline LVEF
was 55% (IQR 55-60), and there was no significant differ-
ence between groups (Table 1).

The median pulse rate was higher in the severe group [100
beats/min (IQR 90-110)] as compared to the mild group [90
beats/min (IQR 88-105)] (»p=0.02) at baseline. MAP was
higher in the severe group [98 mmHg (IQR 93-106)] com-
pared to the mild group [90 mmHg (IQR 85-96)] (»=0.01)
at baseline. There was significantly lower SpO,/FiO, in the
severe group [116 (IQR 100-146)] compared to the mild
group [466 (IQR 457-467)] (»p=0.001) at baseline. There
was no significant change in median pulse rate, MAP and
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Table 1 Demography and

- . Baseline variables Mild (n=28) Severe (n=25) P-Value*

baseline parameters of mild and

severe COVID-19 groups Age (year) 34 (27-52) 53 (37-63) 0.03
Male (%) 11 (50) 11 (50) 0.72
Duration of symptoms (Days) 3.5(2-5) 10 (7-20) 0.001
Diagnosis to first follow-up (month) 34+0.7 3.6+0.5
Diagnosis to second follow-up (month) 8715 9+1
Cough (Days) 3(0-4) 10 (4-10) 0.001
Fever (Days) 3124 10 (7-12) 0.01
Shortness of breath (Days) - 10 (7-12) -
Mean Pulse rate (beats/min) 90 (88-105) 100 (90-110) 0.02
Mean MAP (mmHg) 90 (85-96) 98 (93-106) 0.01
Mean SpO,/FiO, ratio 466 (457-467) 116 (100-146) 0.001
Comorbidities n (%) 9 (40) 14 (60) 0.08
Hypertension n (%) 8 (50) 8 (50) 0.78
Diabetes n (%) 8 (45) 10 (55) 0.38
Thyroid disease n (%) 0 2 (100) 0.12
Remdesivir n (%) 1(5) 18 (95) 0.01
Steroids n (%) - 25 (100) 0.01
Base line CTSS 3(2-4) 22 (18-24) 0.001
Baseline LVEF 55 (55-60) 55 (50-60) 0.06

*All values are Median (IQR) or n (%); Wilcoxon rank sum tests were used for unpaired continuous data
and Chi-square for unpaired categorical data

Abbreviation IQR Inter-quartile Range, MAP Mean arterial pressure, SpO, Oxygen saturation, FiO, Frac-
tionated inspired oxygen, CTSS CT severity index, LVEF left ventricular ejection fraction

SpO,/FiO, ratio from baseline to first follow-up and from
first to second follow-up in the mild group. However, in the
severe group, there was a significant change in SpO,/FiO,
ratio from baseline [146 (IQR 116-188)] to first follow-
up [457 (IQR 447-466)] (» <0.01) and from first follow-
up [447 (IQR 438-448)] to second follow-up [457 (IQR
452-461)] (p<0.01).

At first follow-up, FEV /FVC was 99% of predicted (IQR
93-108) in the mild as compared to 111% predicted (IQR
98-117) in the severe group (p <0.01). Median DLCO was
lower in the severe (52% of predicted, IQR 39-71) compared
to the mild group (81% of predicted, IQR 70-88) (p <0.01).
Similarly, during the second follow-up, the median FEV/
FVC was 98% of the predicted (IQR 95-107) in the mild
compared to 105% of the predicted (IQR 96-117) in the
severe group (p=0.08). DLCO was significantly lower in the
severe group (62% of predicted, [IQR 56-72]) compared to
the mild group (86% of predicted, [IQR 79-91]) (»p <0.01)
at second follow-up (Table 2).

DLCO showed significant improvement from the first
(52% of predicted [IQR 20-71]) to the second follow-up
(80% of predicted [IQR 60-87]) (p <0.01). A similar trend
was reflected in the z-scores. DLCO showed consistent
improvement across all the groups. In the mild group, it
was 81% of predicted (IQR 70-88) to 86% of predicted
(IQR 79-91) (p<0.01). Among the severe group, it
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improved from 52% of predicted (IQR 39-72) to 62% of
predicted (IQR 56-72) (p <0.01). There was an improve-
ment in diffusion restriction over time in both groups
(Fig. 2).

In the overall population at the second follow-up, 26
(49%) patients had DLCO less than 80% of predicted. 26%
were from the mild group, and 74% were from the severe
group. Seven (25%) patients in the mild and 19 (76%) in
severe had DLCO less than 80% at the second follow-up.
Univariable logistic regression analysis showed increased
odds of impaired DLCO with duration of fever (OR-1.14
[95% CI 1.00-1.29]; p=0.04), duration of cough (OR-1.13
[95% CI 1.00-1.27]; p=0.03), duration of shortness of
breath (OR-1.18 [95% CI 1.05-1.33]; p=0.005), baseline
pulse rate (OR-1.04 [95% CI 0.99-1.09]; p=0.05), baseline
SpO,/FiO, ratio (OR-0.99 [95% CI 0.99-0.99]; p =0.04),
baseline CTSS (OR-1.11 [95% CI 1.04-1.18]; p=0.002),
need for oxygen supplementation (OR-9.5 [95% CI 2.7-33.3;
p=0.001), steroid (OR-9.5 [95% CI1 2.7-33.3]; p=0.01), and
remdesivir (OR-5.13 [95% CI 1.48-17.73]; p=0.01). How-
ever, these variables did not show any independent associa-
tion on multivariable analysis.

No difference was seen in the echocardiographic param-
eters between the mild and severe groups at either of the
follow-up. Similarly, there was no difference in the echocar-
diographic parameters (RV dysfunction, TRV, E, E/e’, E/A,
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Table 2 Trend of pulmonary
function and echocardiographic

First follow-up

Second follow-up p-value

variables at first and second Pulmonary function variables

follow-up in the study
population (n=53)

FEV, (z score)
FVC

FVC (z score)
FEV,/FVC

FEV ,/FVC (z score)
FEF,s 759,
FEF,5_;5¢, (z score)
DLCO

DLCO (z score)

Echocardiographic variables

E

E/A
Med ¢’
Late’
E/e
LVEF

-0.95(-1.77,-0.01) —0.98(-1.81,-0.03) 0.47
83(76, 89) 84 (72,91) 0.83
—1.34(-2.01,-0.91) —-1.5(-22,-0.8) 0.01
94 (102, 113) 101 (96, 111) 0.33
0.3(=0.28,1.8) 0.22(-0.34,1.8) 0.21
92(79, 143) 90 (76, 116) 0.14
-09(=25,15) 1.4(=2.55,14) 0.46
52(20,71) 80 (60, 87) 0.001
-2.07(-3.1,-1.23) —-1.5(=2.8--0.98) 0.001
90 (84-100) 80 (74-84) 0.001
1.2 (0.8-1.2) 1(0.95-1.2) 0.21
9 (8-9) 8.4 (8-9) 0.33
11 (11-12) 11.2 (11-13) 0.82
8.4 (8-9) 8(7.2-8.2) 0.005
60 (55-65) 60 (55-60) 0.31

Median (IQR) have been used for all above parameters, and Wilcoxon signed-rank was used to analyze

time-related differences

Abbreviations IQR Inter-quartile range, FEV1 Forced expiratory volume at 1 s, FVC Forced vital capacity,
FEF s 554 forced expiratory flow between 25 and 75% of vital capacity, DLCO diffusion capacity of lung
for carbon monoxide, E peak velocity of blood flow in early diastole, E/A ratio of peak velocity in early
diastole and peak velocity in late diastole, lat e’ velocity of the mitral annulus by pulsed tissue Doppler at
lateral side, med e’ velocity of the mitral annulus by pulsed tissue Doppler at septal side, E/e’ ratio of peak
early mitral inflow velocity and average early diastolic mitral annulus velocity, LVEF left ventricular ejec-

tion fraction
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Fig. 2 Box whisker plot depicting the comparison of DLCO between
first and second follow-up. Abbreviation DLCO, Diffusion capacity of
lung for carbon monoxide

Lateral ¢’, Medial ¢’, LVEF) between the first and second
follow-up in either group.

At the baseline, CTSS was significantly higher in the
severe group (22 [IQR 18-24]) compared to the mild group
(3 [IQR 2-3.5) (p=0.001). At follow-up, CTSS was higher
in the severe group (12 [IQR 10-18]) compared to the mild
group (3 [IQR 2-3]) (p <0.01). There was an improve-
ment of CTSS from baseline (4 [IQR 3-22]) to the second

[ Mild Group CTSS at Baseline [0 Mild Group CTSS at Follow-Up
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Abbreviation: CTSS; CT Severity Score.

Fig. 3 Box whisker plot depicting the comparison of CTSS in mild
and severe group at baseline and second follow-up. Abbreviation
CTSS; CT Severity Score

follow-up (4 [IQR 3-12]) (p=0.001) in the overall study
population. In the severe group, there was a significant
improvement in the CTSS from baseline (22 [IQR 18-24])
to follow-up (12 [IQR 10-18]) (p=0.001) (Fig. 3).

At least one radiological abnormality was seen in 70%
of patients at baseline. At follow-up, 62% had at least one
radiological abnormality. At baseline, ground-glass opacities
(GGO) were seen in 60%, reticulation in 51%, consolidations
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in 54%, and bronchial dilatations in 22%. At follow-up,
GGOs were seen in 50%, reticulation in 50%, consolida-
tions in 10%, and bronchial dilatations in 14%. There was
a maximum reduction in the consolidation from baseline to
follow-up (Fig. 4). There was a correlation between CTSS
and the DLCO. The higher the CTSS, the greater the DLCO
at second follow-up (=0.36; p<0.01).

On univariable logistic regression analysis, the odds of
severe disease at baseline were associated with age (OR 1.03
[95% CI 1.00-1.072], p=0.03), CTSS at follow-up (OR 1.07
[95% CI 1.32-2.20], p=0.001) and DLCO (OR 0.90[95% CI
0.85-0.95], p=0.001). We also identified CTSS at follow-up
(OR 1.7 [95% CI 1.14-2.77], p=0.01) as an independent risk
factor to predict severe disease, including in the multivari-
able analysis with age and DLCO (Table 2).

Discussion

Many prospective observational studies have revealed car-
diopulmonary sequelae in patients recovering from COVID-
19 infection.

The median age in our study was 43 year which is com-
parable to a study done by Naik et al., in which the median
age was 41 year [19]. In the study by Guler, patients who
survived severe/critical COVID-19 were older than patients
who were followed up after mild/moderate disease (60 + 12
versus 52+ 11 year) and had equal sex distribution. In our
study, patients with severe COVID-19 were older than
patients with mild COVID-19. There was no difference in
sex distribution between the mild and severe groups. Our
study also supports that older age was a risk factor for severe
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Abbreviation: DLCO; Diffusion capacity of lung for carbon monoxide, CTSS; CT Severity Score.

Fig. 4 Scatterplot depicting the correlation of DLCO and CTSS in
study population at second follow-up. Abbreviation: DLCO; Diffu-
sion capacity of lung for carbon monoxide, CTSS; CT severity score
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illness due to associated comorbidities and compromised
immunity in older age [11].

We recorded fever, cough, and shortness of breath, as
these were the common symptoms reported in multiple
studies worldwide in acute COVID-19 patients [20]. In
our study, the duration of fever and cough were longer in
the severe group compared to the mild group, which can
be attributed to extensive tissue injury, cytokine storm, and
pathophysiological process seen in severe COVID-19. There
was a significant improvement in the SpO,/FiO, ratio in the
severe group on follow-up, suggesting the recovery of under-
lying lung injury over time.

In line with other studies, our study revealed that severe
COVID-19 patients had higher CTSS at baseline. There was
an improvement in the CTSS from baseline to follow-up in
the overall study population, especially in the severe group.
At the second follow-up, 62% of patients had at least one
pathological finding on CT scans. GGOs were the most com-
mon pathological finding seen in our study. There was a
reduction in all the pathological findings on CT on follow-up
with maximum reduction in consolidation. A similar study
done by Sonnweber et al. studied cardiopulmonary recov-
ery after COVID-19 revealed lung abnormalities in 77% at
60 days and 63% at 100 days [8]. The main findings on CT
scan like GGOs, consolidation, and reticulation were similar
to our study. Consolidations and bronchial dilation resolved
completely, similar to our study population. There was a
weak correlation between CT severity score and DLCO, sup-
porting the findings of our study. To date, it is still unclear
whether such subclinical structural changes justify the rou-
tine use of CT scan for follow-up after acute COVID-19. In
a study by Vijaykumar, 41 of them had GGOs and fibrotic
bands at 3 month; only 16% had residual lung abnormalities
at 1 year, with none of the patients showing the progression
of imaging abnormalities [21]. Liu et al. also found 42 and
75% radiological resolution at 1 month and 6 month, respec-
tively [22]. This is consistent with our imaging findings sug-
gesting the reversibility of COVID-19-associated pulmonary
damage, and till now, no clear signs of progressive ILD have
been observed.

Our cohort demonstrated lower lung volumes (FVC and
FEV)) in patients with severe COVID-19 and a higher FEV,/
FVC ratio in the severe group, suggesting restrictive physiol-
ogy. The most significant finding in our patients was a reduc-
tion in diffusion capacity. In addition, DLCO was signifi-
cantly lower in the severe group, suggesting a higher degree
of interstitial and pulmonary vascular involvement. These
findings were in line with other studies, which revealed that
a higher percentage of severe patients had diffusion restric-
tion [22]. Several studies have shown DLCO impairment
suggestive of interstitial or pulmonary vascular abnormali-
ties in COVID-19 infections [10, 11, 23-25]. DLCO showed
significant improvement in both mild and severe groups of
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our study population from the first to second follow-up, sug-
gesting recovery of interstitial and structural changes in the
lung. Our results are consistent with other follow-up studies
on COVID-19 patients [8, 26].

Though there was a significant improvement in diffu-
sion capacity on follow-up, 49% of our study population
had DLCO less than 80% of predicted at the second follow-
up, like the study by Gambernini [26]. This indicates that
some patients, who recover from acute COVID-19, still had
persisting pulmonary function abnormalities at 6—12 month.
There is a need for long-term follow-up studies to know the
natural history of pulmonary function.

Risk factors for diffusion and restriction impairment on
PFTs at 1 year after recovery were female sex, chronic kid-
ney disease, mechanical ventilation, smoking status, residual
CT abnormalities, and length of hospital stay [27]. We also
found that duration of symptoms, CT abnormality and need
for oxygenation as risk factors for diffusion impairment,
however, did not reach statistical significance due to the
smaller sample size.

Few studies have reported the association between diffu-
sion restriction capacity and the presence of fibrotic sequelae
on chest CT [28-30]. In our study, lower DLCO was associ-
ated with higher CTSS indicative of underlying lung injury.
Given its expense and radiation risk, chest CT cannot be
performed for every symptomatic COVID-19 survivor. Con-
sidering all these factors, patients with persisting symptoms
following recovery from COVID-19 can be followed up with
regular PFT with DLCO measurements. We can reserve CT
scan for more selective patients who show abnormalities
on PFTs.

It is evident from the pathogenesis of COVID-19 that
there is myocardial injury even in patients without severe
disease, raising concerns regarding cardiac sequelae. Lassen
et al. have found that RV function and biomarkers improve
during follow-up, but LVEF was not different from matched
controls [28]. Similarly, Catena et al. concluded that there
was no evidence of cardiac dysfunction on ECHO at 41 days
follow-up [29]. These were similar to our study, which
showed no difference in RV and LV function in both groups
on follow-up. Several studies have shown that MRI was a
more sensitive tool to detect subclinical changes in myo-
cardium associated with worse prognosis [30]. So, there is
a need for studies evaluating cardiac involvement and myo-
cardial inflammation in patients recovering from COVID-19
using sensitive tools.

This was one of the first prospective observational study
to assess cardiopulmonary sequelae following recovery from
acute COVID-19 in the Indian population. The trend of pul-
monary function and echocardiographic parameters was
reported at two follow-ups in the mild and severe groups.
This study also tried to correlate DLCO and CTSS and com-
pare CTSS at follow-up with baseline in both the groups.

This study is not free from limitations. Inherent selection
bias in the form of patients who were discharged alive and
willing for follow-up were recruited from a single center.
Cases were recruited in all three waves of the COVID-19
pandemic. Each wave was caused by a different variant and
could have an impact on the cardiopulmonary sequelae. The
absence of PFTs and ECHO parameters prior to COVID-19
illness was lacking for comparison.

Conclusion

In post-COVID-19 patients, there was significant change in
the SpO,/FiO, ratio and DLCO from first to second follow-
up suggesting improvement in lung function. However, in
some of the patients still had less than 80% of predicted
DLCO at the second follow-up, indicating persisting lung
function abnormalities.

There was a significant improvement in the CTSS from
baseline to follow-up in the overall study population, espe-
cially in the severe group. Among the radiological findings,
consolidation showed marked improvement on sequential
follow-up. However, there was no difference in the tran-
sthoracic echocardiographic parameters between the mild
and severe groups over 1 year indicating the necessity of
more sensitive tools for following up cardiac sequelae. We
conclude that follow-up for cardiopulmonary sequelae is
necessary for those with persisting clinical symptoms after
recovery from acute COVID-19 infection.

Acknowledgements We would like to express our thanks to the pul-
monary function test laboratory staff and nursing staff involved in the
management and follow-up of all the patients.

Authors’ contributions Sanjeev Sinha and Lakshmi Prasanna Vaish-
navi Kattamuri conceptualized the study and determined the meth-
odology. Lakshmi Prasanna Vaishnavi Kattamuri, Vibhav Sharma,
Radhika Sarda, Kunal Sharma, Anuj Ajayababu, Gaurav Gupta, Arvind
Kumar and Sanjeev Sinha contributed to participant recruitment and
data collection. Surabhi Vyas reviewed the radiological images and
cross-verified the radiological findings. Rajeev Narang performed and
verified echocardiographic evaluation of the subjects. Shivam Pandey
performed the data analysis. Sanjeev Sinha, Surabhi Vyas, Arvind
Kumar, Naveet Wig and Rajiv Narang performed roles as overall team
leaders for the study. Sanjeev Sinha and Lakshmi Prasanna Vaishnavi
Kattamuri accessed, verified the data and wrote the manuscript. All
authors read and approved the final draft for the manuscript.

Funding We did not receive funding from any source as part of this
study.

Declarations

Conflict of interest
authors.

No conflict of interest reported by any of the

@ Springer



578

L. P. V. Kattamuri et al.

References

10.

11.

12.

13.

14.

15.

16.

Wiersinga WJ, Prescott HC (2020) What is COVID-19? JAMA
324(8):816

Moldofsky H, Patcai J (2011) Chronic widespread musculoskel-
etal pain, fatigue, depression and disordered sleep in chronic post-
SARS syndrome; a case-controlled study. BMC Neurol 11(1):37
Hui DS (2005) Impact of severe acute respiratory syndrome
(SARS) on pulmonary function, functional capacity and quality
of life in a cohort of survivors. Thorax 60(5):401-409

Hui DS, Wong KT, Ko FW, Tam LS, Chan DP, Woo J et al (2005)
The 1-year impact of severe acute respiratory syndrome on pul-
monary function, exercise capacity, and quality of life in a cohort
of survivors. Chest 128(4):2247-2261

Ngai JC, Ko FW, Ng SS, To KW, Tong M, Hui DS (2010) The
long-term impact of severe acute respiratory syndrome on pul-
monary function, exercise capacity and health status. Respirology
15(3):543-550

Overview|COVID-19 rapid guideline: managing the long-term
effects of COVID-19IGuidancelNICE Internet. NICE, Cited 2022
Nov 23. Available from: https://www.nice.org.uk/guidance/ng188
Lerum TV, Aalgkken TM, Brgnstad E, Aarli B, Ikdahl E, Lund
KMA, et al. (2021) Dyspnoea, lung function and CT findings
3 month after hospital admission for COVID-19. Eur Respir J
Internet. Cited 2022 Nov 20, 57(4). Available from: https://erj.
ersjournals.com/content/57/4/2003448

Sonnweber T, Sahanic S, Pizzini A, Luger A, Schwabl C, Son-
nweber B et al (2021) Cardiopulmonary recovery after COVID-
19: an observational prospective multicentre trial. Eur Respir J
57(4):2003481

Huang C, Huang L, Wang Y, Li X, Ren L, Gu X et al (2021)
6-month consequences of COVID-19 in patients discharged from
hospital: a cohort study. The Lancet 397(10270):220-232

Zhao YM, Shang YM, Song WB, Li QQ, Xie H, Xu QF, Jia JL,
Li LM, Mao HL, Zhou XM, Luo H (2020) Follow up study of the
pulmonary function and related physiological characteristics of
COVID-19 survivors 3 month after recovery. EClinicalMedicine
25:100463

Guler SA, Ebner L, Aubry-Beigelman C, Bridevaux PO, Brutsche
M, Clarenbach C et al (2021) Pulmonary function and radiological
features 4 month after COVID-19: first results from the national
prospective observational swiss COVID-19 lung study. Eur Respir
J57(4):2003690

Chen R, Gao Y, Chen M, Jian W, Lei C, Zheng J et al. (2020)
Impaired pulmonary function in discharged patients with COVID-
19: more work ahead. Eur Respir J Internet. Cited 2022 Nov 20,
56(1). Available from: https://erj.ersjournals.com/content/56/1/
2002194

Nusair S (2020) Abnormal carbon monoxide diffusion capacity
in COVID-19 patients at time of hospital discharge. Eur Respir
J Internet. Cited 2022 Nov 20, 56(1). Available from: https://er;.
ersjournals.com/content/56/1/2001832

Romero-Duarte A, Rivera-Izquierdo M, Guerrero-Fernandez
de Alba I, Pérez-Contreras M, Fernandez-Martinez NF, Ruiz-
Montero R et al (2021) Sequelae, persistent symptomatology and
outcomes after COVID-19 hospitalization: the ANCOHVID mul-
ticentre 6-month follow up study. BMC Med 19(1):129

Damanti S, Ramirez GA, Bozzolo EP, Rovere-Querini P, De Lor-
enzo R, Magnaghi C et al (2021) Six-month respiratory outcomes
and exercise capacity of COVID-19 acute respiratory failure
patients treated with continuous positive airway pressure. Intern
MedJ 51(11):1810-1815

Gonzalez J, Benitez ID, Carmona P, Santisteve S, Monge A,
Moncusi-Moix A et al (2021) Pulmonary function and radiologic

@ Springer

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

features in survivors of critical COVID-19: A 3-month prospec-
tive cohort. Chest 160(1):187-198

Anastasio F, Barbuto S, Scarnecchia E, Cosma P, Fugagnoli
A, Rossi G, et al. (2021) Medium-term impact of COVID-19
on pulmonary function, functional capacity and quality of life.
Eur Respir J Internet. Cited 2022 Nov 20, 58(3). Available from:
https://erj.ersjournals.com/content/58/3/2004015

Sharma DL (2022) Clinical guidance for management of adult
COVID-19 patients (Revised: 14/01/2022):1

Naik S, Haldar SN, Soneja M, Mundadan NG, Garg P, Mittal A
et al (2021) Post COVID-19 sequelae: a prospective observational
study from Northern India. Drug Discov Ther 15(5):254-260
Soni SL, Kajal K, Yaddanapudi LN, Malhotra P, Puri GD, Bhalla
A et al (2021) Demographic & clinical profile of patients with
COVID-19 at a tertiary care hospital in north India. Indian J Med
Res 153(1-2):115-125

Vijayakumar B, Tonkin J, Devaraj A, Philip KEJ, Orton CM,
Desai SR et al (2022) CT lung abnormalities after COVID-
19 at 3 month and 1 Year after hospital discharge. Radiology
303(2):444-454

Qin W, Chen S, Zhang Y, Dong F, Zhang Z, Hu B et al (2021)
Diffusion capacity abnormalities for carbon monoxide in patients
with COVID-19 at 3-month follow up. Eur Respir J 58(1):2003677
Mo X, Jian W, Su Z, Chen M, Peng H, Peng P, et al. (2020) Abnor-
mal pulmonary function in COVID-19 patients at time of hospital
discharge. Eur Respir J Internet. Cited 2022 Dec 11, 55(6). Avail-
able from: https://erj.ersjournals.com/content/55/6/2001217
Shah AS, Wong AW, Hague CJ, Murphy DT, Johnston JC,
Ryerson CJ et al (2021) A prospective study of 12-week respira-
tory outcomes in COVID-19-related hospitalizations. Thorax
76(4):402-404

Wu X, Liu X, Zhou Y, Yu H, Li R, Zhan Q et al (2021) 3-month,
6-month, 9-month, and 12-month respiratory outcomes in patients
following COVID-19-related hospitalization: a prospective study.
Lancet Respir Med 9(7):747-754

Gamberini L, Mazzoli CA, Prediletto I, Sintonen H, Scaramuzzo
G, Allegri D, et al. (2021) Health-related quality of life profiles,
trajectories, persistent symptoms and pulmonary function one year
after ICU discharge in invasively ventilated COVID-19 patients, a
prospective follow-up study. Respir Med Internet. Cited 2022 Nov
23, 189. Available from: https://www.resmedjournal.com/article/
S0954-6111(21)00373-5/fulltext

Munker D, Veit T, Barton J, Mertsch P, Miimmler C, Osterman
A et al (2022) Pulmonary function impairment of asymptomatic
and persistently symptomatic patients 4 month after COVID-19
according to disease severity. Infection 50(1):157-168

Lassen MCH, Skaarup KG, Lind JN, Alhakak AS, Sengelgv M,
Nielsen AB et al (2021) Recovery of cardiac function follow-
ing COVID-19-ECHOVID-19: a prospective longitudinal cohort
study. Eur J Heart Fail 23(11):1903-1912

Catena C, Colussi G, Bulfone L, Da Porto A, Tascini C, Sechi
LA (2021) Echocardiographic comparison of COVID-19 patients
with or without prior biochemical evidence of cardiac injury after
recovery. ] Am Soc Echocardiogr 34(2):193-195

Puntmann VO, Carerj ML, Wieters I, Fahim M, Arendt C, Hoff-
mann J et al (2020) Outcomes of cardiovascular magnetic reso-
nance imaging in patients recently recovered from coronavirus
disease 2019 (COVID-19). JAMA Cardiol 5(11):1265

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://www.nice.org.uk/guidance/ng188
https://erj.ersjournals.com/content/57/4/2003448
https://erj.ersjournals.com/content/57/4/2003448
https://erj.ersjournals.com/content/56/1/2002194
https://erj.ersjournals.com/content/56/1/2002194
https://erj.ersjournals.com/content/56/1/2001832
https://erj.ersjournals.com/content/56/1/2001832
https://erj.ersjournals.com/content/58/3/2004015
https://erj.ersjournals.com/content/55/6/2001217
https://www.resmedjournal.com/article/S0954-6111(21)00373-5/fulltext
https://www.resmedjournal.com/article/S0954-6111(21)00373-5/fulltext

	Cardiopulmonary Outcomes in Covid-19 Patients Discharged From a Tertiary Care Center: A Prospective Study
	Abstract 
	Introduction
	Material and Methods
	Study Design and Participants
	Procedure
	Pulmonary Function Variables
	Echocardiographic Variables
	CT Variables
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




